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* Books

1- Interactive Object-Oriented Programming in Java Learn and Test Your Programming Skills Second

Edition Vaskaran Sarcar Foreword by Avirup Mullic,Press,2016

2- Concise Guide to Object-Oriented Programming An Accessible Approach Using Java,Kingsley Sage
School of Engineering and Informatics, University of Sussex, Falmer, East Sussex, UK Springer,2019

3- 73 Python Object Oriented Programming Exercises Volume 2 by Edcorner Learning,2021

4-  Learning Python: Powerful Object-Oriented Programming, by Mark Lutz Oreilly,2009"Java How to

program”, Deite} and Deitel Prentice Hall 2015
Java How to Program, 11/e, Early Objects, ", Deitel and Deitel,Prentice,2020
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 Java Lab
|2 jdk-Bu111-nb-8_2-windows-i586.exe

|2y jdk-Bu111-nb-8_2-windows-x64.exe

* Programming Paradigms

® What is unstructured programming?

® What is structured programming?

® What is Procedural (Functional) Programming?

® What is OOP Object Oriented Programming?
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* Programming Paradigms

® Programming paradigm is a way to classify programming languages
according to their style of programming and features they provide.

® There are several features that determine a programming paradigm
such as modularity, objects, interrupts or events, control flow etc. A
programming language can be single paradigm or multi-paradigm.

* Unstructured Programming

® Unstructured programming is the oldest paradigm and is
still in practice.

® It mainly focuses on steps to be done and works on the
logic of “First do this then do that”.

® It defines a sequence of statements in order of which the
operations must take place.

® In unstructured programming, the control flow is explicit
and depend on collection of GOTO statements.

® unstructured programming lacks the support of modularity.
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Example

10 OK = TRUE
20 On Emror GOTO 100 —— > 100 OK = FALSE
30 Open File ** 110 GOTO 40

40 IF OK GOTO 70 |
50 Display Error

60 GOTO 90
70 Read File
80 Close File
90 Exit Functione—

Structured Programming

® It can be defined as a programming approach in which the program is
made as a single structure. It means that the code will execute the
instruction by instruction one after the other.

® It doesn’t support the possibility of jumping from one instruction to some
other with the help of any statement like GOTO, etc.

® The instructions in this approach will be executed in a serial and
structured manner. The languages that support Structured programming
approach are: C, C++, Java and C#
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Example structured vs unstructured

prosram fragments, the ficst i structoed, while the secomd

Structured:
IF x<=y THEN
BEGIN
2 1= y=¥;
q =8ORT{=z);
END
ELSE
EEGIH
2 1= A=Y
g = =8QAT(z3
END;
WRITELH(z,q};

The main two approaches are:

Object Procedure
Oriented Oriented
Programming Programming
[oOFP] '-._ J IPOP]

Unetructured:

IF x>y THEN GOTO 2;
R B

q t= BORT{z);

GOTD 13

21 Zi= XK=V
q:=-SQRT{z);

1: uritelni{z.q);

_]
-y - T

Procedural vs. Object-Oriented

" Procedural

P

Withiram, dipesil. Iraesle

» Object Oriended
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Procedural Oriented Object
Programming Oriented Programming

Sippal Date

|. Do |

Procedure-oriented Programming Object-oriented Programming
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* Procedural /Functional Programming

® Functional programming paradigm is completely different
programming approach.

® Functional programming uses a combination of functions
calls to drive the flow of the program.

® The result of a function becomes the input to another

function.

Main Program
y
‘ Function-1 Funetion-2 Function-3
Function-4 \ _ /
l Function-5
/ \ | / \
Function-6 Function-7 Funection-&

Structure of procedural oriented programs



RAZER
Highlight


Level O

Leveal 1

Top-Down

Functen 11 )
! 1 S

! | S

Furetion 20 4 | | Function 3 { | | [ Fonctian 4 | §

5

Level 2 |

A

Example

greatest commoen divisor (Python)

def gcd(x, y):
if y == 0:
return x
alse:
return god(y, x % vy)

o O

ged (9762, 945)
-> ged(945, 252)
~» ged{252, 189)
=» ged{189, 63)
-= ged(63, B)
e ﬁ._]
-» B3
-= 63
== 63
e E
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Return_Type Method Name parameter list

—

MEEEELﬂpubliclin Imax{(int x, int y)
i

if (x>y) {
return x;

} . bo
else {

return y;
}

*  OOP Object Oriented Programming

® Object Oriented Programming paradigm is widely
practiced programming paradigm.

¢ It is based on the concept of objects. Objects are real
world entity.

¢ Everything present around us is an object.

¢ Every object has two important property attribute (data)

and behavior (function).

10
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Example

Object-oriented
-
programming
Human Mame
Email Varify
Address Send mail

Object A Object B
| MATA | | MATA |
v _ Communication N v Bottom-Up
| mmeTion | | || iNeTioN | o

s | 000

FUNCTION eo00QC®S®

Organization of data and function in OOP

11
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H.W.
What are the main differences of the following two approaches?

Top-down Approach Vs Bottom-up Approach

* OOP Concepts (p:2lia)

® What are the main concepts of OOP

® Object and Class
® State and behavior

® Examples

12
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* Classes and Objects

¢ Classes and objects are the fundamental components of OOP’s.

¢ Often there is a confusion between classes and objects. In this lecture, we try
to tell you the difference between class and object.

@{“’_"rm.‘,“ie An|maf I =

| Objects of Animal class L\
i

|

* Whatis class?

® A class is an extensible program-code-
template( blueprint prototype) for creating
objects, providing initial values for state
(member variables) and implementations of
behavior (member functions or methods). It
defines the variables and the methods (functions)
common to all objects of a certain kind.

Syntax ] mﬂl:m
"-\::' i ::...... Frlibin | Wiggeng

class class_name

{

member variables;

member methods or functions;

Write examples of classes from Real World

13
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* What is an Object?

An object is nothing but a self-contained component which consists of
methods and properties to make a particular type of data useful. Object determines
the behavior of the class. When you send a message (function call)to an object,
you are asking the object to invoke or execute one of its methods. From a
programming point of view, an object can be a data structure, a variable or a
function. It has a memory location allocated.

Syntax

class_name s =new class_name();

CHyjreiv: Real Workd Exemples
Parwil Apole [
i l

Write examples of obje

=l O 8

1plmh Real World

Characteristics of Object

State State or Behovior or
Represents the dota Property or Function or
of an ebjeel. Variable Mathod

Behavior

reprezents the behavier of oan
abject such as deposil,
withdraw, ste

Identity
It i% uged Intednally by the JVM
Lo identify ench object uniguely

14
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¢ A class is a prototype whereas an object is a instance
of a class.

*  Whatis the

Let's see some real-life examples of class and object in

Difference java to understand the difference well:
Between
. Class: Human Object: Man, Woman
ObJ ect & Class: Fruit Object: Apple, Banana, Mango, Guava wtc.
Class? Class: Mobile phone Object: iPhone, Samsung, Moto

Class: Food Object: Pizza, Burger, Samosa

* The differences between object and class:

Class as a blueprmt or template from which objects are
create

Class is a group of similar objects.

Class is a logical entlty

¢ 1%jlagsss Slsu%%c&a{ed using class keyword e.g.

Class is declared once.
Class doesn't allocated memory when it is created.

T ere is only one way to define class in java using
class keyword.

15
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* Different point of views

Real Workd | Absiracton (bjoct Criated Programiminy

Operabons

How to convert h h

real life entity
to object?

16
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COMMON CHARACTERISTICS

COMMON ACTIONS
M Sleep | ___| (.9
~ Sit ; ) /7 nexun® o

So far, we have defined following things,
Breed 1 .
Class - Dogs Gize == W
. WdrrinT S
Data members - size, age, color, breed, etc. Age
Color
Methods- eat, sleep, sit and run.
Eat() = '-
Sleep() ‘ j
SitQ)
Run()

Now, for different values of
data members (breed size,
age, and color) in Java
class, you will get different
dog objects.

17
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b

med
DOG e = s
Breed /
Gize
Age
Lolor
| ——
Eat() \
Cleepl)
SitO)
Funt)
Size = Meditarn
Pge = 3 year
Lolor = Brown
State and behavior
are the basic
properties

of an Object

Hame , Calor, Breed | Hungry

Barking , Fetching . Wagging
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¢ State tells us about the type or the value of that object whereas behavior tells

us about the operations or things that the object can perform.

For example, let’s say we have an Object called car, so car object will have color,
engine type, wheels etc. as it’s state, this car object can run at 180kmph, it can

turn right and left, it can go back and forth, it can carry 4 people etc. These are its

behaviors.

® In object-oriented programming, a class is a template definition of the method
s and variable s in a particular kind of object . Thus, an object is a specific

instance of a class; it contains real values instead of variables. The class is one of

the defining ideas of object-oriented programming.

Subscription Class name
series: String
priceCategory: Category attribiites
number: Integer
cost (): Money _
reserve (series: String, level: SeatLevel) cperations
cancel ()
(lass notation
Name
Shape Shape
Attribute(s) = = »pngth Hength: in
_ getLength) getLengh() int
Operation(s) = = |tsetLength) [esetLengthin int) : void
Class without signature Class with signature

19
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° H.W

® Define graphically (-t <se) a class and declare (i) its
attributes(<all) and methods (J)s3).

Give an example of an object which belongs( ~i)to this class.

* OOP Relationships

® What is relationships ?

® Association relationship

® Aggregation relationship

® Composition Relationship

® Inheritance relationship

20
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* OOP Relationships

One of the advantages of Object-Oriented programming language is code
reuse. This reusability is possible due to the relationship between the
classes. Object oriented programming generally support 4 types of
relationships that are: inheritance , association, composition and
aggregation. All these relationship is based on "is a" relationship, "has-a"

relationship and "part-of" relationship.

e Aggregation and Composition are a special type of association and differ
only in the weight of the relationship.

e Composition is a powerful form of “is part of” relationship collated to
aggregation “Has-A”.

e In Composition, the member object cannot exist outside the enclosing class
hile same is not true for Aggregation.

Aggregation

Composition

21
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 Association in object oriented programming

Association is a semantically weak relationship (a semantic dependency)
between otherwise unrelated objects. An association is a “using” relationship

between two or more objects in which the objects have their own lifetime and
there is no owner.

O | Association
'iqﬂ.—:m Drate l Pe—
sPmpaed  Bociran ! Em . |
|Bprormpet SEg X §oame vy
iBppnre Mones Bpsooress Snng
L — et atng
Srigzel : -

2- Aggregation (&)

Aggregation is a special form of association. It is a relationship
between two classes like association, however its
a directional association, which means it is strictly a one way
association. It represents a HAS-A relationship.

I <> songin |

Examplel

A car needs a wheel to function correctly, but a wheel
doesn’t always need a car. It can also be used with the
bike, bicycle, or any other vehicles but not a particular [ o ]
car. Here, the wheel object is meaningful even without [

he car object. Such type of relationship is called UML r——
egation relation.

22
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3- Composition (¢zs53)

» Composition is a "part-of" relationship. In composition relationship both entities are interdependent
of each other for example “heart is part of body. Heart is a part of each body and both are
dependent on each other. (ownership).

* Composition implies a relationship where the child cannot exist independent of the parent.
Example: House (parent) and Room (child). Rooms don't exist separate to a House.

: ’ Composition

Example2

Person
Head Hand Leg
Chapter : Page
+ Number: Integer [+ Nusnber Integer

+ Hame: Sting p— * Test Sirng

Example4

Head Hand Leg



https://www.google.com/url?sa=i&url=https%3A%2F%2Fjavarevisited.blogspot.com%2F2014%2F02%2Fifference-between-association-vs-composition-vs-aggregation.html&psig=AOvVaw1_CbZwZ4nJAvqYb9kofYVh&ust=1570989917107000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDv5dOnl-UCFQAAAAAdAAAAABAR
https://www.google.com/imgres?imgurl=https://cdn.visual-paradigm.com/guide/uml/uml-aggregation-vs-composition/07-uml-composition-example.png&imgrefurl=https://www.visual-paradigm.com/guide/uml-unified-modeling-language/uml-aggregation-vs-composition/&docid=8sZTpbSQYJ90bM&tbnid=mdqsmtKYuPNeKM:&vet=10ahUKEwjTlb_W7JDeAhUDs4sKHUi-CQoQMwg2KAIwAg..i&w=303&h=145&bih=619&biw=1366&q=aggregation%20example&ved=0ahUKEwjTlb_W7JDeAhUDs4sKHUi-CQoQMwg2KAIwAg&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=https://cdn.visual-paradigm.com/guide/uml/uml-aggregation-vs-composition/07-uml-composition-example.png&imgrefurl=https://www.visual-paradigm.com/guide/uml-unified-modeling-language/uml-aggregation-vs-composition/&docid=8sZTpbSQYJ90bM&tbnid=mdqsmtKYuPNeKM:&vet=10ahUKEwjTlb_W7JDeAhUDs4sKHUi-CQoQMwg2KAIwAg..i&w=303&h=145&bih=619&biw=1366&q=aggregation%20example&ved=0ahUKEwjTlb_W7JDeAhUDs4sKHUi-CQoQMwg2KAIwAg&iact=mrc&uact=8
RAZER
Highlight


<

ALL | Program Counter
Example6
Student
namg
L%
Ay ¥ hddress
Rouse e
Dty
Example7
| rar Building
Engine | Room
Luerepation Composition
hizziozr relatiarghig, The Srrorger relatinrahig, The
Engine can sl exis L= e
withow: the car wilhow tre Buiding.
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Example8

Lib
e Person
Book 1 1 1
¥ 0.
Borrowing
1.* 1. i 0.
Page LibraryBook | 0.4 | Reader

* Inheritance (&) 5d)
Inheritance is “IS-A” type of relationship. It means that it creates a new class by using existing class
code. It is just like saying that “A is type of B”. For example:
Apple is a type of fruit, so Apple is a fruit. Ferrari is a type of car, so Ferrari is a car.
Reuse (reusability) 435l las daial g aladiny) sale)

| Frudt
Imheritamncs |

Apple Crange | Alange

[ Inheriiance
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Example9

HES Parson
= Attributes
= Operatiars
7
;lk Employes S Customer
|
[= Attribubes [=] Attributes
= Operatiors =] Operations
£ =
“~ FullTimeEmployee | s Contractor
= Attributes (=] Attributes
[=] Operations =] Operations

* Relation Types

ONE-TO-ONE RELATIONSHIP

R

BASANY-T0-1INT MAFPING Peby vy Wty AT

FOUR CARS HAS SAME OWHNER Lo,
ey o ome relatenship mepping

LIZER CLAES
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Example10

Java Class & Objects

Class Person R
age- 35

unique _id city- Delhi
Data name gender- male
Members | 23°

city

—E

aat() name- Dessy

sl.'ud)‘ 0
Methods smg xl"une

play() gender- female

il e lrn--ln-'l |‘I’I

'\lnlul-rll—ll -p—l
dabbred b s

General form graphical
representation

s we ey Bnalinms s
L LR T

D e
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General form programming
representation

Aorem mad S

= o twanu-.
Thet i :ru-u ; | mrwn-“ 'n;-r-u'm-::
i THE Be ACTTEE
= ey III
1
> -r’”"r
F}\JD“C 3 '...»
'n..m.-ﬂ.lxl

LQ Stl‘tﬂg name, colour;

int age.

| _»void talk () {
i System.out.printin("meow!");

Hr\edw:".k
tale () enethod | }
' 7
Clemmg sty e
of & clam

he sl ) merhnd e

1. Defining a class

«  Access Modifiers in Java

Declaration of variable members (Instance Variables )

*  Methods Types (kinds)
*  Special method main
*  Declaration of Methods
*  Creating an object

Message Components and Passing
P Concepts (p282) Part2

® Encapsulation
® Abstraction

28


RAZER
Highlight


¢ Abstraction is selecting data from a
larger pool to show only the
relevant details to the object.

¢ A Al s el ol ae dalad
Ayl

important concepts of OOPs.

¢ Examplel

iS..

¢ Example2

What is Abstraction in OOP?

® In Java, abstraction is accomplished using Abstract
classes and interfaces. It is one of the most

Java Abslracion

il

Aksirach e lane
ik =

i -
ok Naed -l

® The class in general is an Abstract Data Type (ADT).

Consider a real-life example of a man driving a car.
The man only knows that pressing the accelerators will
increase the speed of car or applying brakes will stop the
car, but he does not know about how on pressing the
accelerator the speed is increasing, he does not know about
the inner mechanism of the car or the implementation of
accelerator, brakes etc. in the car. This is what abstraction

We all know how to turn the TV on, but we don’t
need to know how it works to enjoy it.

29
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* Defining a class

Defining Classes

The basic syntax for a class definition:

class ClassName

[fields declaration]
[methods declaration]

Example 3

Arcess Modifier Class Rame

j v
public class Vehicle {

Data Hiding
Class Members . /
private int doors;

instance
Yariables ! private int speed, 4

private String color;

| Clasa Members . 2
; publie woid run(){
FilARCE . ¥

Mathod Run method implementatior

}

L Chass Bady
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* Encapsulation

-

Cas
- _, Mttt .
Ensapsilation = #
(] g 8 T — - =% yarables
In encapsulation, the variables .

of a class will be hidden
(private) from other classes and l = J
can be accessed only through
the methods of their current
class. If they need to be
accessed from outside a class
then the method should be
public.

Encapsulation and Deta Hiding

Mesbrichid scte from

Private ;
shiakubede clavi

Paxhilic:
— | Canaccess anyahens
Ahrouigh Class Diwpet

Encapsulation
Abstraction j

Abstraction .. Encapsulation
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* Access Modifiers in Java

SubClass
Al

--_‘_‘_‘—-—___

—

5

)

Az
ClassA
Packagel Package2

* Declaration of variable members (Instance Variables )

Access Tybe Narme/
Mudifier—‘ Wﬁ_ |dentifier

l Y Statement
doorSe—  gng
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* Methods Types (kinds)

Kinds of methods in Java

b
Predefined methods User-defined methods
(Programmer-defined methods )

& .
a3\ PR
S 12 & o
Vg b | 4

W th
L. Instance methods Static methods

-'l'.-: 1]
e ol

o R e e (Class methods)

* Special method main

It is a java main method

Makes it class method so that it can be

called using class name without creating  Name of the method
an object of the class. which is called by JVM.

main(String[ ] args)

To call by JVM from ain method does not The main() method
anywhere ieturn value to JVM. accepts one argument
of type String array.
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e Declaration of Methods

°A method is a block of code which only runs when it

is called. You can pass data, known as parameters,

into a method. Methods are used to perform certain
Example 4 actions, and they are also known as functions.

return-type method-name parameter-list

~_ 1 7

access ot . .
modifier +—— public int max (int X, int y) Method header

{

if (x>vy)
return x; —— body of the method

else
returny;

Creating an object

Automatically Calls
Name of an the

Object Censtructer

1 1

Rectangle myrect = new Rectangle();

1

Class Name Bynamically
Create Object
using new
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* Message Passing

* Message Components

Namsg canang g e i cny
A message is composed of three components: R
s

1- An object identifier. ﬁ%"lﬂ’. 4T iy ‘,_-l-k._l

" Gite d—y |
2- A method name. A\ &

A=A

3- Arguments (Parameters) Sender Recever

String Telephone

Example §
What exactly does the statement mean in code?

public class A { /I starting of class definition
public void methodA() { } // this is a class body (definition)
} // Ending of class definition

public class B {
public void methodB(int z) { } // thisis a class body (definition)
}
public class C {
public static void main(String [] args) {
A a=new A(); /[ ais an object and A is an abstract data type ADT
B b=new B();
a.methodA( ); b.methodB(7); // message passing

Al /]

2 3

35


RAZER
Highlight


Example 6

Define a class called Time which has three integer members :
s for seconds

m for minuets

h for hour

Solution (JaJ))

public class Time{
private int s,m,h;
public void set(){---}
public void print(){...}
H

Example 7

Define a class called Date which has three instance

d for day

m for month Write either true or false and why?
y for ycar @ private int d, m;
Solution (JAM) private inty

public class Date { | private int d,m, y; | )
private int d; @ I private int d; private int m; inty; I
private int m; @ | private int d; m; inty; |

private int y;
public void set(){---}
ublic void print(){...}

@ I private int d, private int m, private inty; I

36


RAZER
Highlight


¢ Examples for defining a class
¢ Examples for creating an object

® behavior and state

® defining more than one object
¢ defining array of objects

Example 0
let us consider the example of Date (F W),

A Date consists of three integer members and two member methods:
d is for day
m 1s for month

y is for year

set method ; it is used for stetting date

print method; it is used for printing date

A B c D E
1 Meonth Day Year Date
2 1 3 2015 1/3/2015
3 10 25 2015 "'* 10/25/2015
4 5 ) 2015 5/9/2015
3 9 20 2015 4/20/2015
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Define a java class for Date class. American European

ul = I =
public class Date{ ogic ogic

? ‘
private int d,m,y; b
ay onth

public void set (int dd,int mm,int yy){ et X e N

d=dd; m=mm; y=yy;}

public void print_e(){
System.out.println(“The European Style :“+d+"/"+m+"/"+y);}
}

Use the Date class for creating one date object called d1 and set the date
to 19-6-1978.Print the date in American style and European style.

public static void main(String[] args

Date d1=new Date o

d1.set(19,6,1978) o
O o4

d1.print_e(); 19 6 1978

d1.print_a();
}

} [ The European Style : 19/6/1978 }

d1 0 00

The American Style: 6/19/1978
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Use the Date class for creating two date objects called d1 and d2 and set
the date to 19/6/1978 and 5/7/1974 respectively. Print the date in
American stvle and European style.

Public static void main(String[] args){ o
O,
The European Style : 19/6/1978
o The American Style: 6/19/1978
oI The European Style : 5/7/1974

The American Style: 7/5/1974
a2 000
Date d2=new Dat
Oo,
d2.set(5,7,1974);
. 19 6 1978
d2.printc(); 2 5 7 1974

d2.print_a(); } |

 Example 1
let us consider the example of counters (<alaall),

A counter is a device that keeps account of the number of times an
event has occurred. It has two buttons: an initialize button
(A8l 4l ) 3) that resets the counter to 0, and

an add button (48Lx=Y) ) that adds 1 to its present number as shown
in the following figure, It has a counter with a number 10.

\J

initialize add

Nl |
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The next figure shows two more counters with 2 and 7
numbers. counterl and counter2

instance variable The file is

rivate int number; Counterjava

// method to increment counter by 1 After compilation
correctly,

The file is

number=number+1:} Counter.class

// method to initialize counter by 0
// method to return counter number

You should note that_the order of methods within a class is
not important but the order of calling them is very important.
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Example 2

Depending on Example 1, define one counter and print its final value

1blic class Main{
blic static void main (String [] args){
ounter c1=new Counter():

1. initial(); behavior

state

Example 3

Depending on Example 1, define three counters and print their final values

ublic static void main (String [] args){
Counter c3=new counter():

cl

2
¢3. initial();c3.add();c3.add();c3.add(); °3 .
C

System.out.println(c3.get_number()); e ]

I } cl 012
c2 o1

c3 0123
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Example 4
Depending on Example 1, define three counters and print the summation of
their values

ublic static void main (String [] args){
Counter c3=new counter();

3. initial();c3.add();c3.add();c3.add();
int sum;

sum=cl. get number()+ 2 get_number()+c3.get_number();

System.out.println(sum); }

3 Object | number |8 object | number |
cl 0

cl 012
c2 0 c2 01
c3 0 c3 0123

ample 5

ending on Example 1, define two counters and print the value of greater one.

ublic static void main (String [] args){

if(c1.get number()>c2.get number()) System.outprintin(cl.getnumber();
else System.out.println(c2.get number());

}
3 Object | number [LObject | number |
1 0 cl1 01234
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 Example 6

Trace the following java projects:
I-
public class Counter{
private int number;
public void add(){ number=number+1;}
public void initial(){ number=0;}
public int get number(){ return(number);}

}
public class Main{

public static void main(String [] args){

Counter c1=new Counter ();

Counter c2=new Counter ();

cl.add(); System.out.println(cl.get number());
c2.initial(); c2.add(); c2.add();

int k=c2.get number(); System.out.println(k);
cl.add();

public class Counter{

private int number;

public void initial(){ number=0;}
public void add(){ number=number+1;}
public int get number(){ return(number);}
}

public class Main(){

public static void main(String [] args){
Counter cl;

c1=new Counter();

for(int i=1;i<=3;i++){

cl.add();

cl. initial ();

System.out.println(cl.get number());}
3}

cl
c2

| Object | number |
0

cl
c2

61

012

cl

012

61

cl

Discuss if initial method is inside loop then printing
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ublic void initial(){ number=0;}
public void add(){ number=number+1;}
public int get number(){ return(number);}
}

public class Main(){

public static void main(String [] args){
Counter cl;

cl=new Counter();

cl. initial ();

for(int i=1;i<=2;i++){

cl.add();
System.out.println(cl.number);}
cl.number=100;
m.out.println(cl.number); }}

Example7

Define 100 counters using array of objects

public class Counter{
private int number;

Blics id addoy ber— } 1)
public void add(int n){ number=number-+n;}
public void initial(){ number=0;}
public int get number(){ return(number);} }
public class Main{
public static void main(String [] args){
Counter [] ¢ =new Counter|[100];

for(int i=0;i<100;i++){
c[i]=new Counter();}
—for
cli].add(i);
for
out.println(c[i].get_number());} } }

C[99]

899
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H.W.

Resolve the previous example using three for loops one
for creation, one for adding and one for printing.

// class definition
public class Calculate {
// instance variables
int a,b;
// method to add numbers
public int add () {
int res;
res=a+b;

return res; }

* H.W. Lab

// method to subtract numbers
public int subract () {

intres;res=a-b;

return (res); }

// method to multiply numbers
public int multiply () { return a*b; }

// method to divide numbers
public int divide () { return(a/b); }
public void set(int x,int y){a=x;=y;} }
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e H.W. Lab

public class Main {
public static void main(String[] args) {
// creating object of Class
Calculate c1 = new Calculate(); cl.set(49,4);

// calling the methods of Calculate class
System.out.printIn("Addition is :" + c1l.add());
System.out.printIn("Subtraction is :" + c1.subtract());
System.out.printIn("Multiplication is :" + c1.multiply());
System.out.printin("Division is :" + c1.divide());

b

* Polymorphism I (swic rorvmorpnisn)-Method overloading

® What is method overloading? ?
® What are method overloading types? =

® How is method overloading implemented in Java?

¢ Examples

¢ Applying practical examples

using NetBeans
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* Method Overloading

Method overloading is a
feature that allows a class to have
more than one method having the
same name, if their argument lists
are different.

In order to overload a
method, the argument lists of
the methods must differ in
either of these:

Without Method Overloading

Method Overloading in Java

Methodix) . | Methodix , y) i [ Methodix .y, 2}

With Method Overloading

int add2(int x, int y)
{

return(x+y);

}
int add3(int x, int y,int z)

{

return(x+y+z);

}
int add4(int w, int x,inty, int 2)

{

return(w+x+y+z);
}

int add(int x, int y)
{

return(x+y);

}
int add(int x, int y,int z)

{

return(x+y+z);

}

int add(int w, int x,int y, int z)

{

return(w+x+y+z);

}
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Four ways to overload a method:
In order to overload a method in valid way , the argument lists
of the methods must differ in either of these:

1. Number of Parameters

For example:

public int add(int a, int b) {---------- }
public int add(int a, int b, int ¢) {------ }
add(4,3); add(3,4,5);

2. Data type of Parameters
For example:

public int add(int x, float y){-----}

add(5,7.6f);
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3. Sequence of Data type of Parameters
For example:

public int add(float a , int b) {-----}
S ————

add(5.4f,9);

4. Number and data type of Parameters
For example:
public int add(inta , intb) {-----}

public int add(int a, float b, float c){----}

add(5,3.4f,5.6f);
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Invalid case of method overloading:
When I say argument list

I am not talking about return type of the method,
for example:
if two methods have same name,
same parameters and have different return type,
hen this is not a valid method overloading example.
his will throw compilation error.

public int add(int a, int b) {-----}
public float add(int a, int b) {-----}
public double add(int b, int a) {-----}

Method overloading is an example of Static Polymorphism.

Points to Note (<:daadl)
1. Static Polymorphism is also known as compile time binding or early
binding.

2. Static binding happens at compile time. Method overloading is an
example of static binding where binding of method call to its definition
happens at Compile time.
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Example 1
class Cat{

OVERLOADING

$—

public void Sound(){

System.out.println("” i Same method

; CIilT HITELTUA
name but

//overloading method differ‘ent

publiec woid Sound(int num){
for(int i=0; i<2:i++){ pa_rametgrs
System.out.printin("meow") ;

¥

Example 2

Method Overloadiﬁg -

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

}
dd(3.8, 6.5) ;

int add({int a, int b, int e} {
raturn a + b + o;

}

double add(double a, double b) |
return a + Bz
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Example 3

public class DisplayOverloading {

public void disp(char ¢) { System.out.println(c); }
public void disp(char ¢, int num) { System.out.println(c + " "+num);

}

public lass Sample {
public static void main(String args[]) {

DisplayOverloading obj = new DisplayOverloading();

Output:
a
alo

obj.disp(‘a"); obj.disp('a',10);

I

Example 4

public class DisplayOverloading2 {
public void disp(charc)  { System.out.println(c); }
public void disp(intc)  { System.out.printin(c ); }
h
public class Sample2 {
public static void main(String args[]) {
DisplayOverloading?2 obj = new DisplayOverloading2();
obj.disp('a"); obj.disp(5); }

Output:

}
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Example 5

public class DisplayOverloading3 {
public void disp(char c, int num){
System.out.println("I’m the first definition of method disp"); }

public void disp(int num, char ¢) {
System.out.println("I’m the second definition of method disp" ); }

b

public class Sample3 {

public static void main(String args[]) {
DisplayOverloading3 obj = new DisplayOverloading3();
obj.disp('x', 51 ); obj.disp(52,'y’); }

}

Output:
I’'m the first definition of method disp
I’'m the second definition of method disp

Example 6
Update the Counter class by overloading the add method by:

public class Counter{
private int number;

public void add(int n){ number=number-+n;}

Create two counters (objects) the
first one will increment by 3 and
the second increment by 1,then
print their values
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public static void main (String [] args){

H.W. LAB

Define a class called B_Date which has 3 integer instance
variables and two methods set and print, the set method has
been overloaded:

set()
set(int, int ,int)

Use the above class to create 2 objects and print the details of
the older one according to its birth date year.
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 Constructor

® Constructor definition.

® The difference between constructor and method
® Constructor types

® Constructor Overloading

Examples

e Constructor Definition

¢ Constructor in Java is a block of code like a method that’s called when an
instance of an object is created. Constructor doesn’t return any value
even void, the access modifier of constructor is public and its name is the
same as class name.

The basic format for coding a constructor:

public ClassName (parameter-list) {
Statements

3
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Constructor Method

CONSTRUCTOR METHODS

It is a block of code which It is a collection of statements,
instantiate a newly created object. always return a value.
It does not have any return type. It may return a value.
It's name should be same . It's name should not be same
as the class name. I as the class name.

* The difference between constructor and method

A method is used to expose the behavior of an
object and may be for initializing the state of
an object

The method is invoked explicitly (not
automatically by passing a message)

The method is not provided by the compiler in
any case.

The methods are members of a class.
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* Constructor Types

; in Java
call- - /—\___H_\)
' { Parametric
! 7 7 (Explicit)
sl
- call’
----- #
class o = new class(1, "name”);
e
R
- . =N

(Explicit)

T pme——

; Constructor : Parameter
. Sigp_a?uraﬁ _ Lists

public class Turile

J %+ Constructs a Turtl
ublic Turtle{World w)
{ * Implementation not sho

bject in the world w. * /

'I-I|l }
/*+ Constructs a Turtle object at coordinates x and y in the world w.+ /

public Turtle{int x, int y, World w)
{ M Implementation not shown */ }
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1- Default constructor

£ In computer programming languages,
the term default constructor can refer to a
constructor that is automatically generated
by the compiler in the absence of any
programmer-defined constructors which is
usually a nullary constructor.

® All Java classes have at least one
constructor even if we don't explicitly
define one. The compiler automatically
provides a public no-argument constructor

ny class without constructors.

Example 1:

class Bike |

J

public ckass Mais | public class Myelass |
public static void main{String [] args){ private int ab;
Myelass obj=mew Myelass(y |
L]
........................... }
T3 Myclass.java
Main.java
public class Myclass {
private int b :
" Compile
public Myelassf){ } S
H
r
Myelass.class
public class Bike{

public void print(){
System.out.println(“Bike is created”);
H

public class Main{

public static void main(String args[]){
//calling a default constructor

Bike b=new Bike(); b.print();

Calling a Constructor: You call a constructor when you create
a new instance of the class containing Bike b=new Bike();
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2- no-arg constructor

® Constructor with no

public class MyClass{

{f Constructor
arg constructor. The signature MyClass(){ =

System.out.printin{"BeginnersBook.com™);
}

. public static void main{String args[J{
can have any code unlike MyClass obj = new MyClassf): __:
default constructor where the - :

arguments is known as no-

1s same as default

constructor; however, body

body of the constructor is

empty:.

Example 2:
public class Student{

private int id;
private boolean state;
public Student(){ id=10; state=true;}

public class Mai
public static Wid main(String args[]){

Calling A Cohstructor: You call a constructor when you
create a newinstance of the class containing

Student s1=ndy Student();

Student s2=new'Student();
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°*H.W. what will be the output when there is no
constructor in class Student?

® Rule: If there is no constructor in a class, compiler automatically creates
a default constructor.

When you are not creating any constructor , the
compiler provides you a default constructor.

3- Parameterized Constructor

Actual Parameters
or Arguments
® Constructor with arguments (or ;
you can say parameters) is known Dale birthdate = new Date{2005.9,1)

the fields of objects.

as Parameterized constructor. Formal Parameiers
The parameterized constructor is W
used to provide different values to public Datefint year, int month, int day)

60


RAZER
Highlight


Example 3:

public class Student{
private int id;
private boolean state;
public Student(int i,boolean b){id =i; state=Db; }
isplay( ){System.out.println(id+" "+state); } }

Student s1 = new Student(111,true);
Student s2 = new Student(222,false);
sl.display(); s2.display(); } }

Calling a Constructor: You call a constructor when
you create a new instance of the class containing
Student s1 = new Student(111,true);
Student s2 = new Student(222,false);

® Constructor Overloading

As like of method overloading, Constructors also can be overloaded. The same
constructor declared with different parameters in the same class is known as
constructor overloading. Compiler differentiates which constructor is to be called
depending upon the number of parameters and their sequence of data types

Constructor Overloading in Java

public class Demo |

Demo() { +

i" Ihree overloaded
& oot rckoes-

Demo|String s} | Tairiustive

e difforent

Déemalint i) | 4 Parameters list

i
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Example 4 (Trace)

public class Student{
private int id;
private boolean state;
private int age;
public Student(int i,boolean b){

public class Main{

=AU N B =

_
=

11.
12.

Example 5 (Trace)

What is the function of the following
program and what will be the
output?

public class Counter {

private int number;

public void add() { number = number+1; }
public void add(int n){ number = number+n;
}

public void initialize() { number =0; }
public void initialize(int k) {number =k; }
public int getNumber() { return number; }
public Counter() { number =0; }}

The output:
8

15

31

id=i; state=b; }

public Student(int i,boolean b,int a){ id =i; state = b; age=a;
public void display(){System.out.println(id+" "+ state +'" ''+age);} }

public static void main(String args[]){
Student s1 = new Student(111,true);

Student s2 = new Student(222,false,25); The Output is:
sl.display(); s2.display(); } }

111 true 0
222 false 25

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

Counter c1=new Counter();
cl.add(); cl.add(7);
System.out.println(cl.getNumber());

cl.initialize(); c1l.add(5); c1.add(10);
System.out.println(cl.getNumber());

Counter c2=new Counter();
c2.initialize(10); c2.add();c2.add(20);
System.out.println(c2.getNumber()); }}

}
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H.W. Lab

Complete the following program to create three counters each of which uses a different constructor.
public class Counter {

private int number, reused;

public void add() { number = number+1; }

public void initialize() { number = 0; reused = reused+1; }

public int getNumber() { return number; }

public int getReused() { return reused; }

public Counter() { number = 0; reused = 0; }

Counter(int x) { number = x; reused = 0; }

Counter(int x, int y) { number = x; reused =y; }

ter(float z) { number = (int) z; reused = 0; }

* Advanced Examples

¢ Taking advanced examples
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* Ixamplel

Define a class called Rectangle that has the following members:

Two integer attributes (variable members, attribute members) and two methods
( method members) , area which returns the rectangle area while set data is used
to set the width and height.

Use this class to print:

1. one rectangle area

] ] Rectangle
2. two rectangle areas using two objects
3. three rectangle areas using one object
4. rectangles areas' (use array) private int wh

void set_data( int, int)

intarea()
1- Solution: Object w h set and area
rl 10 20

public class Rectangle {

private int w,h;

public int area() {return (w*h);}

public void set data(int a, int b){w=
h=b;}

}

public class Main {

public static void main(String[] args) {
Rectangle rl1=new Rectangle();
rl.set_data(10,20);
System.out.printin(rl.area()); }}
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2- Solution

Object w h set and area
. rl 10 20
1. public class Rectangle { 2 1 )
2. private int w,h;
3. public int area(){return (w*h);} The screen
4. public void set data(int a, int b) 200
5. {w=a; h=b;} } 2
6.  public class Main {
7.  public static void main(String[] args) {
8. Rectangle rl=new Rectangle();

9.  Rectangle r2=new Rectangle();
10. rl.set data(10,20);

11. r2.set data(1,2);
System.out.println(r1.area());
System.out.printin(r2.area()); }}

. Object w h set and area
3- Solution a0 — T
1. public class Rectangle {
2. private int w,h;
3. public int area() {return (w*h);} The screen
4. public void set_data(int a, int b) 3
5. {w=a; h=b;} } 12

27

public class Main {
public static void main(String[] args) {
Rectangle rl=new Rectangle();
for(int i=1;1<=3;i++){
rl.set data( 1,1*3);
System.out.printin(rl.area());} } }

= SRCORS RO

—_ O
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Object

4- Solution

r[0]
1. public class Rectangle { il
2. private int w,h; rf2]
3. public int area(){return (w*h);} i3l
4. public void set_data(int a, int b) 4
5. {w=a; h=b;} }

6. public class Main {

7.  public static void main(String[] args) {
8. Rectangle[] r=new Rectangle[5];

9. for(int i=0;1<5;i++){

10. r[i]=new Rectangle();

11. r[i].set_data(i+1,(i+1)*2);
System.out.println(r[i].area());} } }

* Example?2 (H.W.)

vl s W N~ S

set and area

The screen
2

8

18

32

50

Define a class called Triangle that has the following members:
Two integer attributes (variable members, attribute members) and
two methods ( method members) , area which returns the triangle area while set

1s used to set the base and height.

1. one triangle area
2. two triangle areas using two objects.
3. three triangle areas using one object.

Triangle

private int bh

void set_data( int, int)
double area()
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1- Solution

public class Triangle {

private int b,h;

public double area() {return (0.5*(b*h));}
public void set(int x, int y)

{b=x; h=y;} }

g £ (e

6. public class Main {

7.  public static void main(String[] args) {
8. Triangle t=new Triangle();

9. t.set(10,20);

10. System.out.printin(t.area()); }}

2- Solution

1. public class Triangle {

2. private int b,h;

3. public double area(){return (0.5*(b*h));}
4. public void set(int x, int y)

5. {b=x; h=y;} }

6. public class Main {

7.  public static void main(String[] args) {

8. Triangle t1=new Triangle();

Triangle t2=new Triangle();
tl.set(10,20);
System.out.println(t1.area());
t2.set(3,7);

System.out.println(t2.area());

Object

Object
tl
t2

10

The screen
100.0

10

The screen
100.0
10.5

20

20

set and area

set and area
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Object b h set and area

3- Solution 1 e eV

public class Triangle {

private int b,h;

public double area() {return (0.5*(b*h));}
public void set(int x, int y)

{b:X; h=y;} } The screen
1.5

g £ (e

6.0

public class Main { 13.5
public static void main(String[] args) {
Rectangle t1=new Rectangle();
for(int i=1;i1<=3;i++){
0. tl.set(1,i*3);
1 System.out.printin(tl.area());} } }

= SRCORI RO

* EKExample3

Write a program contains a class called Number; this class has:
Two member variables and

six methods:
addition, subtraction, division, multiplication , set data and print_data.

Declare two objects and print the results of addition ,subtraction, multiplication,
and division of their member variables. Then use the constructor to initialize
the numbers.
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Solution

System.out.println(“x= “+x);
0. System.out.println(“y= “+y); }}

. public class Number { 11.
2. private int X,y; 12.
3. public int add() {return (x+y);} 13.
4. public int sub(){return (x-y);} 14.
5. public int mul(){return (x*y);} 15.
6. public int dv(){return (x/y);} 16.
7. public void set_data(int a, int b){x=a; y=b; } 17.
8. public void print_data(){ 18.
9.

1

public class Main {

public static void main(String[] args) {
Number n=new Number();
n.set_data(100,20);
n.print_data();
System.out.println(“Add+n.add());
System.out.println(“Sub”+n.sub());
System.out.println(“Mul”+n.mul());
9. System.out.println(“Div’+n.dv());} }

Object X y set,add,....print ﬁ H.m“.@kb

n 100 20

The screen
x=100
Y=20

Add 120

Sub 80
Mul 2000
Div 5

1. public class Number {
2. private int x,y;

3. public Number(int nl,int n2){ x=nl; y=n2;}
4. public int add(){ return(x+y); }

5. public int sub(){return (x-y);}

6. public int mul(){ return x*y;}

7. public int div(){ return x/y;}

8. public void print(){

9. System.out.println("x="+x+" y="+y);}
10. }
H.W.

Update the above program to print
the summation of 5 integer numbers
which are between -100 and 100.

1. public class Main {

B

public static void main(String[] args) {

Number n;

n=new Number(50,100);
n.print();
System.out.println(n.add());
System.out.println(n.sub());
System.out.printin(n.mul());
System.out.println(n.div());

SRERSR Ca B o> ()

10. }}

The output will be: |

299929H. W‘m‘m‘n |

-------------
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*  Kxample4

Define a class which describes any item in supermarket. This class contains
two private variables (price and number) and

two public functions:

print_data() which used to print the data stored in private variables and
set _data() is used to store data in private variables.

1- Define two items in your supermarket and print the prices and number of
them.

2- Define 100 items in your supermarket and print the prices and number of
them.

3- Define two items in your supermarket and print the summation of their
prices. (you need to add get data method to return the price).

olution 11. public class Main {

ublic class Item { 12. public static void main(String[] args) {
rivate int number; 13. Item itl=new Item();

private double price; 14. Item it2=new Item();

public void set_data(int n, double p){ 15. itl.set_data(100,20.0);
number=n;price=p; } 16. it2.set_data(200,123.5);

public void print_data(){ 17. itl.print_data();
System.out.printIn(“Number= ““+number); 18. it2.print_data();
System.out.println(‘“Price= “+price+’$”); } } 19. }}

Object number price setand print
Itl 100 20.0
it2 200 123.5

Number=100
Price=20.0%
Number=200

Price=123.5%
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private double price;

public void set_data(int n, double p){
number=n;price=p; }

public void print_data(){
System.out.println(“Number= “+number);
System.out.println(“Price= “+price+’$”); } }

Number=100
Price=20.0$
Number=200
Price=40$

Number=10000
Price=2000$

System.out.println(“Price= “+price+”$”);
public double get p(){return(price);} }

olution 11
ublic class Item { 12
rivate int number; 13

private double price; 14
public void set_data(int n, double p){ 15
number=n;price=p; } 16
public void print_data(){ 17
System.out.println(“Number= “+number);  18.

11. public class Main {

12. public static void main(String[] args) {
13. Item [] it=new Item[100];
14. for(int i=0;i<it.length;i++){
15. it[i]=new Item();
16. it[i].set_data((i+1)*100,(i+1)*20.0);
17. it[i].print_data();}
18. }}
Object number price set and print
it[0] 100 20.0
it[1] 200 40
it[99] 10000 2000

. public class Main {

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

. Item it1=new Item();

. Item it2=new Item();

. itl.set_data(100,20.0);

. it2.set_data(200,123.5);

. System.out.println(itl.get p()+it2.get p()+’$”);

i

System.out.println(itl.get p()+it2.get p());

Object number price setand print
Itl 100 20.0
it2 200 123.5
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® Example5 (Employee class)

Create a class called Employee that includes three pieces of information as
instance variables:
an Employee number (type integer),
an Employee step (type integer) and
a monthly salary (double).

Your class should have a constructor that initializes the three instance
variables.

Provide set and get methods for each instance variable. If the monthly salary is
not positive, set it to 0.0.

Write a test application named EmployeeTest that demonstrates class
Employee’s capabilities. Create two Employee objects and display each
object’s yearly salary. Then give each Employee a 10% raise (82)) and display
ach Employee’s yearly salary again.

1. public class Employee {

= 8

)

public Employee(int no,int st, double sal) {
number=no;

step=st;

if (sal > 0.0) salary=sal;

else salary=0.0; }

el SN

10. public void setNo(int no){ number=no; }
11

. public void setSt(int st){ step=st;
12.
13.

14. | ]

15. public int getNo(){ return (number); }
16. public int getSt(){ return (step); }

17.
18. }
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1. public class EmployeeTest {
2. public static void main (String args[]){

3.
4. Employee e2=new Employee (2,5,50000.00);

wn

6. System.out.println("'2) "+e2.getNo()+e2.getSt()+e2.getSalary()*12);

8. e2.setSalary(0.1*e2.getSalary()+e2.getSalary());

N

10. System out.println(''4) "+e2.getNo()+” “+ e2.getSt()+” “+e2.getSalary()*12);

11. }

12. }

® Example6 (Date class)

Create a class called Date that includes three pieces of information as
instance variables:
A month (type int), a day (type int) and a year (type int).
Your class should have a constructor that initializes the three instance
variables and assumes that the values provided are correct.
Provide a set and a get method for each instance variable. Provide a
method displayDate that displays the month, day and year separated by
forward slashes (/).
Write a test application named DateTest that creates a date object and
print the full date.
Change the date to another one and print it again.
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public class Date {

= R

2

public Date(int m, int d, int y) {
6. month = m; day = d; year =y;}

7. public void setMonthDate(int m) { month = m;}
8. public int getMonthDate() { return (month);}

9. public void setDayDate(int d) { day = d;}
10. public int getDayDate() { return day;}

. public void setYearDate(int y) { year =y;}
. public int getYearDate() { return year;}

. public void displayDate(){ System.out.println(month+"/"+day+"/"+year);}
-}

1. public class DateTest {
2. public static void main(String[] args) {

3. Date myDate = new Date(19,6,1977);
4. myDate.displayDate();

5.
7. int myDay = 7;
8. myDate.setDayDate(myDay);

9. int myYear = 1974;
10. myDate.setYearDate(myYear);

11. myDate.displayDate();
12.} }
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® Example7 (Implementing a complex number operations)

Following is an example class diagram for what is expected to be a representation of
Complex numbers
| Compley |

float real |
float imagioary |

|

|

I S

| Complax{flont real; float imeginary) |
|

|

|

|
flaat gethaali) |
float getlmagl) |

Use the above class for :

1-adding two complex number (@atbi)+(ctdi)=(@+c)+(b+d)i
2-subtracting two complex number (a+bi)-(c+di)=(a-b)+(b-d)i
3-multiplying two complex number (a+bi)(c+di)=(ac-bd)+(ad+bc)i
4-dividing two complex number

¢ To add or subtract two complex numbers, just add or subtract the
corresponding real and imaginary parts.

® For instance, the sum of
5+8i
4+2i

is 9 +5i.

* For another, the sum of 3 + fand -1 + il is 2 + Bi.

Adding and Subtracting Complex numbers
When adding, combsine the real parts. then combime the imaginary parts. Below is an example. HL:'.E,'.-I'J'iI"g Camaley numbers
(5+6)+{7T-3) = B+6i+T-3 Winen multiping, 2gain yos wil fadow the nules of mustphiag polynomias. Haweser, jor il belek wih higner
= §+T+ E-3 powers o [Lsadly st ] 53 thang o more smplling ineived
= 12438
LRI -% = OLhi4E-150
When subiracting, miake sure {0 Sistridute the negative intn the 2nd compiex rumber k) 1+6i+5-15
= =I+1livl  (eeeEi=-l
B+6) - (T—%) = §+6G-T+3 " ¥
o= I = 13+10i
= 65-T+ 6i+3
= =345
. —
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[

. public class Complex {

[\°)

. private float real,img;

7. public Complex add (Complex c2){

8. Complex c3=new Complex();

9. c3.real=c2.real+real;

10. ¢3.img=c2.img+img;

11. return(c3);}

12. public void print(){ System.out.println(real+"+"+img+"i" );

13.}}

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

Complex nol=new Complex( 5.0f, g
Complex no2=new Complex(8.0f, 3

5. Complex no3=new Complex();

6. no3=nol.add(no2);
7. nol.print(); no2.print(); no3.print();

b Complex no4=new Complex(l.ﬁf,-);
9. Complex no5=new Complex(3.0f,4.0f);

10. Complex no6=new Complex(no4.get_real()+no5.get_real() , nod.get img()+no5.get_img());

11. no4.print();
12. noS.print();
13. no6.print();

4. }}

76


RAZER
Highlight


Does circle is a part of cylinder?

Surface area of a cylinder

A=

< NP

h Area of thex gach ‘and’ & ore
Ho aroa of both ks s 2 |
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How to find out the surface area of a cylinder?

E_ r Area of a circle
h = 11 % radius®
A= h{2 '-"H‘} | Circumference of a
circle = m x diameter
2 remember that the
2?" + h{E;:r} diameter = 2 x radius

aress of lop  ares of retangle
and hottom
circlas

https://www.youtube.com/watch?v=9ez0Vw9Ddws

How to find out the volume of a cylinder?

V=mnr?h

® Area of Circle
' r |

Area = 77°

h

T T - L

'S
i
i
[}
i
'
|
I
i

[ —— — — — — ..
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Example8 (LAB)

Every cylinder has a base and height ,where the base is a CIRCLE. Design a
class Cylinder that can capture the properties of a cylinder and perform the
usual operations on a cylinder:

calculate the cylinder volume ,
calculate a cylinder surface area ,

set the height and the radius of the base.

¢ Math class in java

¢ Examples
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Math class in java

The java.lang.Math class has methods for performing basic numeric operations
like elementary exponential, logarithm, square root, abs, and trigonometric
functions and more. Commonly methods that used in Math class are:

Mathematical Functions

o The Math class contains methods for common math functions.

a They are static methods, meaning you can invoke them using
the "Math" class name (more on "static" later).

// compute the square root of x
double x = 50.0;
double y = Math.sq{t( X )

This means: the sqrt( ) method in the Math class.

// raise x to the 5th power ( = x*x*x*x*x)
double x = 50.0;
double y = Math.pow( x , 5 );

Mathematical Functions

Common Math Functions

abs( x) absolute value of x

cos( x ), sin( x ), tan(x) cosine, sine, etc. x is in radians
acos(y ), asin(y), atan(y), ... inverse cosine, sine, etc.
toDegrees( radian ) convert radians to degrees
toRadians( degree ) convert degrees to radians
ceil( x) ceiling: round up to nearest int
floor( x ) floor: round down to nearest int
round( x ) round to the nearest integer
exp(x) exponential: y = e*

log(y) natural logarithm of y (y =e*)
pow(a, b) aP (a to the power b)

max(a, b) max of a and b

min(a, b) min ofaand b
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Examples of Using Math Functions

Expression
Math.sqrt( 25.0 );

Math.sqrt( 25 );
Math.log( 100 );
Math.logl0(C 100.0 );

Math.abs( -2.5 );
Math.abs( 12 );

.max( 8, -14);
.min(C 8L, -14L);
.max( 8.0F, 15);
.pow( 2, 10 );
toRadians( 90 );
E;

PI;

Math.sin( Math.PI/2 );
Math.cos( Math.PI/4 );

Random Method

This method belongs to Math class. It is used for generating
random numbers between 0.0 and 1.0 . The generated number
1S double that is >=0.0 and < 1.0. In addition, it could be
used to generate random numbers that are between a given
range, the range is specified by max and min. A standard
expression for accomplishing this is:

1024.0
1.5707963

2.7182818. ..
3.1415926. ..

Type of result
double

double
double
double
double
double
double
int
int
long
float
double
double
double
double

Math.random() * ((max — min)+1) + min
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1- Random Double Within a Given Range

By default, the Math.random() method returns a random number of the type
double whenever it is called.

The code to generate a random double value between a specified range is:
double x = Math.random()*((max-min)+1)+min;

* Examplel

double x;

double max=10.0;

double min=5.0;

x= Math.random()*((max-min)+1)+min;

System.out.println("Random number is between 5.0 ....10.99999 = "+x);

2- Random Integer Within a Given Range

The code to generate a random integer value between a specified range is this.

e Example2

int x ;
x= (int)(Math.random()*((6-2)+1))+2;
System.out.println("Integer between 2 and 6"+x);

It produces a random integer between the given range.
As Math.random() method generates random numbers of double type, you need to
truncate the decimal part and cast it to int in order to get the integer random number.
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H.W.

Write either True or False
1. 5>x>=0
int x= (int)(Math.random()*(5-0))+0;

2. 5=>x>=0

int x= (int)(Math.random()*(5-0+1))+0;
int x= (int)(Math.random()*(6-0))+0;

3. 8>x>=5

int x= (int)(Math.random()*(8-5))+5;

4, 8=>x>=5

int x= (int)(Math.random()*(8-5+1))+5;
t x= (int)(Math.random()*(9-5))+5;

-—-- 4=>x>=0 H.w

* Example3

Interpret (_U~4) the following java segment(5_33):

inty ;
int min=-100; int max=200;

1. Generate a random number is in this
interval (3_idl):

200=>y >=-100

2. Generate a random number is in this
interval(d_dl):

200> y >=-100

y= (int)(Math.random()*(max-min))+min;

while (y!=200){

y= (int)(Math.random()*(max-min))+min;
System.out.println(''Integer between -100 and 200 '"+y); } CX:)

* Example4

Interpret (_~4) the following java segment(5_33):

inty;
int min=-100; int max=200;

y= (int)(Math.random()*(max-min+1))+min;

while (y!=200){

y= (int)(Math.random()*(max-min+1))+min;

System.out.println("Integer between -100 and 200 "+y);} LILATD
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Example 5

1. Define a class which represents any point in the space. This class provides a

method to find the distance between any point and the origin. Write a main
method to find the smallest distance between each point in a set consists of 10
points and the origin.

public class Points{

private double x,y;

public void put_data(double a, double b){x=a;y=b;}
public double distance(){ return(Math.sqrt(x*x+y*y));}
public void print(){ System.out.println(x+" , '"+y);}}

public class Main {
public static void main(String[] args) {
Points p[]=new Points [10];
Points point=new Points();
double d,mn;
pl0]=new Points();
pl0].put_data(13,12);
mn=p|[0].distance();point=p[0];
for (int i=1;i<10;i++){
pli]J=new Points();
pli].put_data(Math.random()*20,Math.random()*10);
d=pli].distance();
System.out.println(d);
if(d<mn) {mn=d;point=pJi];} }
System.out.println(mn);
point.print(); }}
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 Example 6

Define a class called Dice, this class has one integer variable members
d which represents one dice.

It has two constructors the first one is used for setting the initial value
for dice while the second one is used for calling the method roll.

The roll method is throwing the dice, so it needs to use the random

method.

Use this class for representing a two players game each player has one
dice.

Players will throw the dices and print the greater value stop after 5

throws.

public class Dice {

public int d; The output:
public Dice() {roll(); } plaierl 6 player2 6

public Dice(int v) {

d=v; } plaierl 5 player2 6

playerl 5 player2 2

public void roll() { h
d = (int)(Math.random()*6) + 1;} playerl 4 player2 6

public int get_value(){return(d);}} h
playerl 5 player2 1

package javaapplication19; h

public class JavaApplication19 {

public static void main(String[] args) {
Dice playerl = new Dice(); Dice player2 = new Dice ();
for (int i=1;i<=5;i++){
playerl.roll(); player2.roll();
System.out.printin("'playerl "+playerl.get value() +'" player2 '"+player2.get value());

if(playerl.get_value()>player2.get_value())
System.out.println("'greater '"+playerl.get value());
else System.out.println(''greater '-+player2.get value()); } }}
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* Example 7

Define a class called PairOfDice, this class has two integer variable
members d1 and d2 which represent two dices. It has two constructors the
first one is used for setting the initial values for dices while the second one
is used for calling the method roll. The roll method is throwing the dices,
so it needs to use the random method.

Use this class for representing a two players game each player has two
dices. Players will throw the dices and stop when the summation of dices
values for two players are equal then the program will print the number of
these throws.

public class PairOfDice {

public int d1;

public int d2;

public PairOfDice() {roll(); }
public PairOfDice(int v1, int v2) {
dl=vl;d2=v2; }

public void roll() {

d1 = (int)(Math.random()*6) + 1;
d2 = (int)(Math.random()*6) + 1; }
}
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public class Game{

public static void main(String[] args) {
PairOfDice player1 = new PairOfDice();
PairOfDice player2 = new PairOfDice();

int countRolls; / / Counts how many times the twop airs of
int totall, total2; countRolls = 0;

do {
player1.roll(); totall = player1.d1 + player1.d2;

player2.roll(); total2 = player2.d1 + player2.d2;
countRolls++;
} while (totall != total2);

System.out.println(" I took " + countRolls + " rolls until the totals were the same. ");

}

e Strings (Part )
® What does string mean?

® How can we create strings?

® How can we print strings?

String object vs String reference
Null vs Empty String
length method

concatenating strings

® toUpper and toLower methods

® charecterAt and indexOf methods
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® What does string mean?

¢ Strings which are widely used in Java programming, are a sequence of
characters. In Java programming language, strings are treated as objects. The
Java platform provides the String class to create and manipulate strings.

® Note that a Char is a single alphabet whereas String is zero or a sequence of

characters. char is a primitive type whereas a String is a class. Werite True or False
A=6a9;

char like ‘a’ B=1"

String like [Iraq" -

S="a"
X:"ab"
y:" 1"
z="123"
r="al23b"

® How can we create strings?
® How can we print strings?
Creating Strings
1. Literal: The most direct way to create a string is to write:
String greeting = ""Hello world!";
String name="Raheeq";
System.out.println(greeting);

System.out.printin(name);

In this case, "Hello world!" is a string literal—a series of characters in your
code that is enclosed in double quotes. Whenever it encounters a string literal
in your code, the compiler creates a String object with its value—in this case,

llo world!
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2. Constructor with Literal the string could be created using the
new keyword and a constructor.
String s=new String("Welcome"); System.out.println(s);

String ss=new String("Raheeq"); System.out.printin(ss);

3. Constructor with array of char: As with any other object, you can create String
objects by using the new keyword and a constructor. The String class has thirteen
constructors that allow you to provide the initial value of the string using different

sources, such as an array of characters:

char [] a= { 'hl, 'e!’ 'l', 'l', 10', V.V };

String s = new String(a); System.out.println(s);

® String object vs String reference

String strl = "abc”;

String str2 = "abc”;

String str3 = new String("abc");

strl == str2 ; /ftrue

strl == str3 ; //false
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Null Initialization V/s Empty String

| Null Initialization | | Stringstr = null; |

Null initialization means

the variable is not initialized
and it has no value. Accessing
any member using this variable
resultsin NullPointerException

Empty String means

the variable is initialized
and the value is empty.
Invoking s.length() returns(

Empty String

5

String Reference

i String object
variable

Here new String object is
Created in the memory.

The str4 reference will
be pointed to the
existing object with the
value “java$ within the

: String Constant Pool
string constani pool.

String reference
String strl = new String(“javas™): | variable st
String str2 = "javab™;

String str3 = new String(str2): ;
String strd = “javab™: variable sir

The Heap

me
.....

String reference
variable sir3

String reference
variable strd
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Example 1:
Trace the following java code:

1. public class Examplel {

2. public static void main(String args[]){
3. String s1="java";

4. char ch[]={'s".'t,'1",'1','n','g",'s'};

5. String s2=new String(ch);

6. String s3=new String("example");

7. System.out.println(s1);

8. System.out.println(s2);

9. System.out.println(s3); }}

Example 2:
Trace the following java code:

1. public class Example2 {
2. public static void main(String[] args) {

4. String s2=null;

o String s3=new String();
6. String s4="";

8. System.out.println(s2);
o System.out.println(s3);

10. System.out.printin(s4); } }

Delete lines 3 and 7 and run the program..

The output
java
strings
example

The output

The output
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® length method

«Java String length(): The Java String length() method tells the length
of the string. It returns count of total number of characters present in
the String.

The output

Example 3:
Trace the following java code:

1. public class Example3{

public static void main(String args[]{

String s1="hello"; I
N

String s2="whatsup"; o

SRR COR DD

.
L

System.out.println(“String length is: "+s1.length()); ._ ] ——tr'
B~ Java String

. System.out.println(“String length is: "+s2.length()); }}

® Concat method

Java String concat() or (+ operator) : The Java String concat() method
combines a specific string at the end of another string and ultimately returns
a combined string. It is like appending another string.

Example 4:

Trace the following java code: The output
‘hellohow are you

1. public class Example4 {

2. public static void main(String args[]){

3. String s1="hello";

4. sl=sl.concat("how are you");

5. System.out.println(s1); }}

92


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiskoqBj8XfAhUB2KQKHQ7iDi4QjRx6BAgBEAU&url=https%3A%2F%2Fwww.edureka.co%2Fblog%2Fjava-string%2F&psig=AOvVaw3RIYXoaGXiTJku0CfE76uq&ust=1546175542569086
RAZER
Highlight


Short Quiz
What are the values of s3,s4,s5 and s6

String s1="ssss”’;
String s2="ddddd"”;

String s3=s1+s2; s3  ssssdddddd
String s4=s1.concat(s2); s4  ssssdddddd

String s1="sss”;
String s2="bbbb";
String s3="dddd”;

String s5=s1+s2+s3; s5 sssbbbbdddd

String s6=s1.concat(s2.concat(s3)); s6 _

® ToLowerCase and toUpperCase methods

Java String toLowerCase(): The java string toLowerCase() method converts all
the characters of the String to lower case.

Java String toUpperCase() : The Java String toUpperCase() method converts all
the characters of the String to upper case.

Example$
1. public class Example5{
2. public static void main(String args[]){

2 A ::'-thercasa
[ g | Lowercase

3. String sI="HELLO HOW Are You?"”;

4. String lower=s1.toLowerCase(); The output
5

6

. System.out.println(lower); _
String s3="123AAbb456"; H.W.

. String s2="AAbbCCdd123" ;
. String upper=s2.toUpperCase();

System.out.printin(upper);} } 'AABBCCDDI123
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The charAt() method: of the String class returns the char value at the
specified index. An index ranges from 0 to length() - 1. The first char value
of the sequence is at index 0, the next at index 1, and so on, as for array

indexing.

“w3resource”

-

| w 3
o

wal

Example6: (Trace)
String s="IRAQ";
char c=s.charAt(2);
System.out.println(c);

for (int i=0;i<s.length();i++)
System.out.println(s.charAt(i));

Example7: (Trace)
String s="IRAQ” ;
char c=s.charAt(4);
System.out.println(c);
ERROR ..Why?

w3 re s
.3_1'

i

3 4| 5

u
f

charas)

I

T |

]
fi

Cutput - O

-
0

i

1) s I o T OO

The output

The output
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The method indexOf() is used for finding out the index of the specified character or
substring in a particular String.

There are 4 variations of this method:

1- int indexOf(int ch): It returns the

index of the first occurrence of mn..m-.-n
character ch in a String. ‘SRR ERRARL ]

2- int indexOf(int ch, int fromIndex):
It returns the index of first occurrence
if character ch, starting from the
specified index “fromIndex”.

Example8
Trace the following java code:

=

package javaapplication34;
class Example8 {

=

public static void main(String[] args) {

String s1=new String("IRAQ IS MY COUNTRY I Love IRAQ");
int i;

i=s1.indexOf('l'); System.out.println(i);
i=s1.indexOf('l',2); System.out.println(i); }}

SO0 Gl s

The output:
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3- int indexOf{(String str): Returns the index of string str in a particular String.

4- int indexOf(String str, int fromIndex): Returns the index of string str, starting from the
specified index “fromIndex”.

String str = "ASCOEASCOE"; —G @

str.indexOf ("DE",0); (str S ABCDEABCDE

01234567389

str.index0f ("DE",5) ;——
M

String a="HELLO MY DEAR STUDENTS"™;

Y 2+F |4 |56 | T8 W 10010 121130415 16|17 18 19 20 21
H(E L L[O &Y B E [n R [8 T 0D BN T s
f'- R
""\ Java I Fuse R, ool
__I' LY
) 2
7
a.angdemDI{"LL"): will felurn 2 a.indexDI " DEART), will return 9

Example9

Trace the following java code:

b=

package javaapplication34;

2. class Example9 {

3. public static void main(String[] args) {

4. String s1=new String("IRAQ IS MY COUNTRY I LOVE IRAQ");

5. inti;

6. i=s1.indexOf("IR"); System.out.println(i);

i=s1.indexOf("IR",2); System.out.println(i);}}

The output:

96


RAZER
Highlight


Explanation (z+=5) Example9

i=s1.indexOf("IR"); System.out.println(i);
i=s1.indexOf("IR",2); System.out.println(i);

e Strings (Part II)

* Substring Method The equals() method
The equalsignoreCase() methoc

¢ getByte mehod.
° toCharArray() method ® The startsWith() method

® The Java String replace() ¢ The endsWith() method

¢ The CompareTo() method

¢ The CompareTolgnoreCase() method:
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® Substring Method

Substring is a subset of another string. Note: Index starts from 0.
You can get substring from the given string object by one of the two methods:

epublic String substring(int startIndex): This method returns new String object
containing the substring of the given string from specified startIndex (inclusive).

epublic String substring(int startIndex, int endIndex): This method returns new String
object containing the substring of the given string from specified startindex to

endIndex.

In case of substring startIndex is inclusive and endIndex is exclusive.

For string: "abedefghijk"

* Example 1
abcd|e|f|ghijk

01234567 891011

substring(3, 7) is "defg"

98


RAZER
Highlight


* Example 2 (Trace)

Let's understand the startindex and endIndex by the code given below:

String s="hello";
System.out.println(s.substring(0,2));
System.out.println(s.substring(2));

The output

he

¢ getBytes method

Java. getBytes() method in java is used to convert a string into sequence of bytes

and returns an array of bytes.

* Example 3 (Trace)

public class Example3 {
public static void main(String|[] args) {

String s="ABCDEF";
byte[] b= s.getBytes();

for (int i=0;i<b.length;i++)
System.out.println(b[i]);

3

The output :
65
66
67
68
69
70
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If we replace the string s to "abcdef " in example3

The output will be:

97
98
99
100
101
102

H.W. what will be the output when the string s=70123456

¢ toCharArray() method

The java string toCharArray() method converts the given string into a sequence
of characters. The returned array length is equal to the length of the string.

* Example 4 (Trace)

The output :
public class Example4 { a
public static void main(String[] args) { b
c
String s="abcdef"'; g
char[] c=s.toCharArray(); f

for (int i=0;i<c.length;i++)
System.out.println(cl[i]);

y What will be the output if we replace the string s to “123456?
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® equals() method

The java string equals() method compares the two given strings based on the
content of the string. If any character is not matched, it returns false. If all
characters are matched, it returns true.

* Example 5 (Trace)

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

The output :
True

String s1 = "javatpoint"'; both strings are unequal
String s2 = "javatpoint"’;
String s3 = "Javatpoint"’;
System.out.println(s1.equals(s2));
if (s1l.equals(s3)) {
System.out.println(''both strings are equal"); }
else System.out.printin(''both strings are unequal'');

b

® equalsignoreCase() method

The String equalsIgnoreCase() method compares the two given strings on the
basis of content of the string irrespective of case of the string. It is like equals()
method but doesn't check case. If any character is not matched, it returns false
otherwise it returns true.

* Example 6 (Trace)

public class Example6{

public static void main(String args[]){ %rue
rue

false

The output :

String s1="javatpoint'"; String s2="javatpoint";
String s3="JAVATPOINT"; String s4="python";

System.out.println(s1.equalsignoreCase(s2));
System.out.println(s1.equalsignoreCase(s3));
ystem.out.println(sl.equalsignoreCase(s4));}}
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51

52

sl

52

08 )
3

* Example 7 (Trace) H.W.

public class Example7 {

s1=3s2

(also implies s1.equals(s2) 1s true)
equals()

s1 |=22, but

51 equals(s2) 1s true VS

sl =52, and In Java

sl equals(s2) 1s false

String

public static void main(String[] args) {

String s1=“IRAQ"';

String s2=" IRAQ "’;
System.out.println(s1==s2);
System.out.println(s1.equals(s2));

String s3=new String(" IRAQ ");
String s4=new String(" IRAQ ");
System.out.println(s3==s4);
System.out.println(s3.equals(s4));}

Why the output will be as shown below?

true
true
false
true
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¢ startsWith() method

This method checks if this string starts with given prefix. It returns true if this
string starts with given prefix else returns false. It has two forms:
1- boolean startsWith(String str): It returns true if the str is a prefix of the String.
2- boolean startsWith(String str, index fromIndex): It returns true if the String
begins with str, it starts looking from the specified index “fromIndex”.

* Example 8 (Trace)
public class Example8{

The output :

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

false
String s=""Yasser Mohammed Ali"; true
System.out.println(s.startsWith(" Ya')); true
System.out.println(s.startsWith('ya")); false
System.out.println(s.startsWith('' Yasser'")); true

System.out.println(s.startsWith("Y"));
System.out.println(s.startsWith("' Ali"));
System.out.println(s.startsWith(" Ali",16)); }}

® endsWith() method

This method checks if this string ends with given suffix. It returns true if this
string ends with given suffix else returns false. The form is:

boolean endsWith(String str): It returns true if the str is a suffix of the
String.

* Example 9 (Trace) The output

public class Example9{ Truefalsetruetruefalse

public static void main(String args[]){

String s="'Yasser Mohammed Ali";
System.out.print(s.endsWith("'Ali""));
System.out.print(s.endsWith('' Yasser"));
System.out.print(s.endsWith("'i"));

System.out.print(s.endsWith("'li"));

System.out.print(s.endsWith(""er'")); }}
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® replace() method

This method returns a string replacing all the old char or CharSequence to new
char or CharSequence..

There are two type of replace methods in java string.
1. public String replace(char oldChar, char newChar).
2. public String replace(CharSequence target, CharSequence replacement)

* Example 10 (Trace) Theanil
public class ReplaceExamplel{
ic static void main(Stri aaabbbccc eeebbbece
public static void main(String ares]){ aaghbbcce  EECDDDECE

String s1="aaabbbccc";

String s2=s].replace('a','’); === String s2=s].replace(“a","¢");
System.out.println(s1+” “+s2);

String s3=s].replace("ab","zx"); === String s3=sl.replace(‘ab’,’zx’); x

System.out.println(s1+" "+s3); }}

¢ compareTo() method

It is used for comparing two strings lexicographically. Each character of both
strings is converted into a Unicode value. Assume that you have two strings
al and a2, this method returns:
al.compareTo(a2)
it returns positive number ifal >a2 -}
it returns negative number if al < a2 =
it returns 0 if al == a2, it returns 0 n

EONEORSORSRHMNRNN, 11is mcthod compares two strings

lexicographically, ignoring case differences. This means that “aa” equals “AA”.
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* Example 11 (Trace) The output :

-1

public class Examplell{ -1
public static void main(String args[]){ 1

-1

String s1="AA"; String s2="AAA"; -1

String s3="BBB", s4="BB"; 32

String s5="aaa'';
System.out.println(s1.compareTo(s2));
System.out.println(s1.compareTo(s3));
System.out.println(s4.compareTo(s2));
System.out.println(s1.compareTo(s2));
System.out.println(s1.compareTo(s4));
System.out.println(s5.compareTo(s2)); }}

* Example 12 (Trace) H.W.

class Examplel2 §{
ic static void main(String args[]) {

tring strl = ""String method tutorial®, str2 ="compareTo method example"';
String str3 = ""String method tutorial"';

int varl=strl.compareTo( str2 );System.out.println(""str1&str2 comparison: "+varl);
int var2=strl.compareTo( str3 );System.out.println("str1&str3 comparison: "+var2);

int var3 = str2.compareTo(' compareTo method example');
System.out.println(''str2 & string argument comparison: "+var3); }}

Why the output will be as shown below?
strl & str2 comparison: -16

strl & str3 comparison: 0

str2 & string argument comparison: 0
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¢ Converting any data type to String and verse versa
¢ Reading from KB

¢ Examples

_ EX/AMPILIE

211

Data Types
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1.1t is very simple way to convert any data type to a
string using the + operator as shown at the following
java code:

Exampl1: The output is:
public class Example1 { 1975
public static void main(String[] args) { 1975
int i=1975;
String s1=i+"";

System.out.printin(i);
System.out.printin(s1); }}

214
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Example 2:

public class Example2 { The output is:
public static void main(String[] args) { nn
int i=1975; Why $¢
String s1=i+"";

System.out.printin(i);
System.out.printin(s1);
i++;
System.out.printin(i);
s1++;
System.out.printin(s1); }}

215

2. The ValueOf() method

This method converts different types of values into string. Using this method, you
can convert int to string, long to string, Boolean to string, character to string, float to
string, double to string, object to string and char array to string. This method is static
method, so we can call it using String class directly.
valueOf(boolean) ,valueOf(char c¢), valueOf(char[] ¢), valueOf(int i),
valueOf(long 1), valueOf(float f), valueOf(double d)

Exampl3: The output is:
String s1; 1976
int i=1976; 1976

s1=String.valueOf{(i);
System.out.printin(i);
System.out.printin(s1);

216
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3. The toString method
It could be converted any data type to string using toSring method, for example to
convert integer (the same to double, long, float ...etc.) to string is shown below:

Exampl 4: The output is:
inti=42; 42
String str = Integer.toString(i); 42

System .out.printin(i);
System .out.printin(str);

217

»

D))

-— valueOf() —-
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It could be converted any string to its corresponding data type using valueOf method
or parselnt, for example to convert a string that holds integer value to integer variable
is shown below:

1- String to integer using valueOf() method

Exampl 5: The output is:
26

String str = "'25";

int i = Integer.valueOf(str).intValue();

i++; System.out.println(i);

219

2. String to integer using parseint() method

Example 6: The output is:

String str = ""25"; =
int i = Integer.parselnt(str);
i++; System.out.println(i);
The same method could be used to convert from string to double, float, long ...etc.

220
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Example 7

String str = "25.8""; The output is:
int i = Integer.parselnt(str); 2222227 And Why?
i++; System.out.println(i);

221

Example 8

import java.util.Scanner;

public class Example 8 {
public static void main (String|] args) {

Scanner scanner = new Scanner(System.in);
String inputString = scanner.nextLine(); or directly _

System.out.println(inputString);
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import java.util.Scanner;

public class RectangleArea {

public static void main(String[] args) {

int length;

int width;

int area;

Scanner console = new Scanner(System.in);
System.out.print(" Enter length ");

length = console.nextInt();
System.out.print(" Enter width ");

width = console.nextInt();

area = length * width;
System.out.println(''The area of rectangle is ' + area); } }

Find a number of digits before and after decimal point at any double number.
e.g. 1234.56
4 before point and 2 after point

Print a list of names that starts with an upper-case letter only.
Print a list of names that starts with ‘A’ or ‘a’ letter only.
Reversing (S¢) any string , example string s="abcd”, the output is string “dcba”
Consider the following string:
String hannah = "Did Hannah see bees? Hannah did.";
-What is the value displayed by the expression hannah.length()?
-What is the value returned by the method call hannah.charAt(12)?
-Write an expression that refers to the letter b in the string hannah.
-How long is the string returned by the following expression? What is the string?
""Was it a car or a cat I saw?".substring(9, 12)

_—

224
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Thank you for listening

Inheritance in OOP — Java

® Examples
¢ Practical Part (trace)

® Writing programs ’(“HERITP;NCE

¢ Tracing programs
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- Inheritance def.
Inheritance is a mechanism in which one class acquires (i) the property of
another class. For example, a child inherits the traits (©“lew) of his/her parents.
Inheritance is an important pillar (a\s2) and the most powerful mechanisms of

OOP. The inheritance mechanism is allowing a class to inherit the features (fields and

methods) of another class.

D- Inheritance

® Inheritance represents the IS-A relationship, also known as parent-child
relationship.

¢ It allows the reuse of the members of a class (called the superclass or the
mother class) in another class (called subclass, child class or the derived class)
that inherits from it. Below three visual examples of inheritance from Real

World.
Is a

Parent Class

Child Class
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¢ Super Class: The class whose features are inherited is known as super class(or a
base class or a parent class).

® Sub Class: The class that inherits the other class is known as sub class(or a
derived class, extended class, or child class). The subclass can add its own fields
and methods in addition to the superclass fields and methods.

¢ Reusability: Inheritance supports the concept of “reusability”, i.e. when we want

to create a new class and there is already a class that includes some of the code that

we want, we can derive our new class from the existing class. By doing this, we

are reusing the fields and methods of the existing class.

The keyword used for inheritance is extends. The syntax of inheritance in
Java language is:

class derived-class extends base-class {
/Imethods and fields

}
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superclass = —
m‘L“‘. \ Class
AnotherClass Inheritance
subclass example
Class C |(Base Class 2)
Y
(Baze Class 1) | Class B
' 233

Class A |(Derived Class)

Examplel

® How to write a Java structure for the following classes hierarchy

class A class A Al &
™ \
class B Iclass BI |ClaSS Cl
Hae 2 Heirarchical
; inheritance
Simple
Inheritance class C
Multilevel
inheritance 234
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¢ Simple Inheritance

public class A{

public class B extends A {

® Multilevel Inheritance

235

public class A{ public class B extends A {

public class C extends B {

236
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® Hierarchal Inheritance

public class A{

public class B extends A {

public class C extends A {

*  Example?

Classa

ClassB

N/

237

® Define a java structure for the following two figures

S

Multiple

238
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public class A{

® Multiple Inheritance

Error

Not allowed in java

public class B { public class C extends A ,B{

239

public class A{

® Hybrid Inheritance

public class B extends A{

public class C extends A {

public class D extends B,C{
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* Example3 Trace

public class Teacher {
public String designation = ""Teacher";
public String collegeName = ""Beginners book";
public void does(){ System.out.println(''Teaching"); } }

public class PhysicsTeacher extends Teacher{
public String mainSubject = ""Physics';}

Teacher Beginners book  Physics
public class Main{
public static void main(String args|[]){

PhysicsTeacher obj = new PhysicsTeacher(); Output:
. . Beginners book
System.out.println(obj.collegeName); Teacher

System.out.println(obj.designation); Physics
System.out.println(obj.mainSubject); Teaching
obj.does(); }}

241

Examplel (Writing a program)

Define a base class called Polygon which has two integer attributes
represent width and height of a Polygon. Set method is used for setting the
width and the height. Derive one subclass Rectangle which inherits all
members from Polygon and add a new method area that used for calculating
rectangle area. Write a main class to create 1 rectangle object and use it to

print its area.

Base class / super class

___________

242

Denved classes
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public class Rectangle extends Polygon{
public intarea (){
return (width * height); } }

public class Main {
public static void main(String[] args) {
Rectangle rect=new Rectangle();
rect.set_values(4,5);
System.out.println(rect.area()); }}

xample?2 (Writing a program):

Define a base class called Polygon which has two integer attributes
represent width and height of a Polygon. Set method is used for setting
the width and the height. Derive one subclass Rectangle which inherits

all members from Polygon and add a new method area that used for
calculating rectangle area

Base class / super class

244

___
rect 4 5
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public class Rectangle extends Polygon{
public intarea (){ return (width * height); } }
public class Main {
public static void main(String[] args) {
Rectangle rectl=new Rectangle(); Rectangle rect2=new Rectangle();
Rectangle rect3=new Rectangle();
rectl.set_values(4,5); rect2.set_values(6,7); rect3.set_values(8,9);
System.out.println(rectl.area()); System.out.println(rect2.area());
System.out.println(rect3.area()); }}

rectl 4 5

245
rect2 6
rect3 8 9

Example3 (Writing a program)

We are going to suppose that we want to declare a series of classes that
describe polygons like our CRectangle, or CTriangle. They have certain
common features, such as both can be described by means of only two
sides: height and width. This could be represented in the world of classes
with a class CPolygon from which we would derive the two referred ones,

CRectangle and CTriangle. Use these three classes to define two objects:
rectangle and triangle and print their areas.

Base class / super class

e e —-- -

E CPolygon

et
246

Derived classes
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public class CPolygon }{

protected int width, height; (Explanation: A class member declared protected

becomes a private member of subclass.)

public void set_values (int a, int b) {width=a; height=b;} }

public class CRectangle extends CPolygon{
public int area (){

return (width * height); } } The output:
public class CTriangle extends CPolygon { 20
public double area (){ 15.0
return (width * height /2.0); } }
public class Main {
public static void main(String|] args) {
CRectangle rect=new CRectangle(); CTriangle trg=new CTriangle();
rect.set values (4,5); trg.set values (5,6);

System,(mfAnrinﬂn(rm‘tarna(\\t Svetem ant nrintIn(tro area): 11
Object width height set area

rect 4 5
trg 5 6

247

* Discussion

As you may see, objects of classes Rectangle and Triangle each
contain members of Polygon, that are: width, height and set_values().

The protected specifier is like private, its only difference occurs when
deriving classes. When we derive a class, protected members of the base
class can be used by other members of the derived class, nevertheless
private member cannot.

Since we wanted width and height to have the ability to be manipulated
by members of the derived classes Rectangle and Triangle and not only
by members of Polygon, so, we have used protected access instead of

private.
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Example4 (Tracing a program)

public class Main {

public static void main(String[] args) {
A aa=new A();

aa.setl(5,6); aa.printl();

B bb=new B();

bb.set2(); bb.print2(); }}
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Exampleb (Tracing a program)

ublic void setl(int m, int n){ x=m;y=n; }

public void printl(){ System.out.println(x+" "+y); }}

public void print2(){System.out.println(r+" '"+s); System.out.println (x+" "+y); }}
public class Main {
public static void main(String[] args) {
A aa=new A();
aa.setl(5,6); aa.printl();
B bb=new B();
bb.set2(); bb.print2(); }}
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Example6 (Tracing a program) The output :
ublic class A { Error Scree!
private int x.y; Why?
public void setl(int m, int n){ x=m3;y=n; }

public void printl(){ System.out.println(x+" "+y); }}
public class B extends A{
private int r,s;
public void set2(){ r=10;s=20; x=10;y=20 }
public void print2(){System.out.println(r+" "+s); System.out.println (x+" "+y); }}
public class Main {
public static void main(String[] args) {
A aa=new A();
aa.setl(5,6); aa.printl();
B bb=new B();
bb.set2(); bb.print2(); 1}
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Example? (Tracing a program) The output :
ublic class A { 56 Scree;
private int Xx.y; 10 20
public void setl(int m, int n){ x=m3;y=n; } 15 50
public void printl(){ System.out.println(x+" "+y); }} why?

public class B extends A{
private int r,s;
public void set2(){ r=10;s=20; set1(15,50); }
public void print2(){System.out.println(r+" "+s); printl(); }}
public class Main {
public static void main(String[] args) {
A aa=new A();
aa.setl(5,6); aa.printl();
B bb=new B();
bb.set2(); bb.print2(); 1}
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Inheritance in OOP — Java
Cont. (overloading)

® Overloading methods in subclasses

¢ Examples (tracing and writing programs)

WHERITANCE:

Overloading methods in subclasses

The methods of the super class could be overloaded in the sub class...
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Examplel (Tracing a program)
blic class A {
otected int x,y;
ublic int z;
ublic void set(){ x=10;y=20;z=30;} }
ublic class B extends A{
public int m,n;
public void set(int m1,int n1){ m=m1;n=n1;} }
public class C extends B{
private intrs;
public void set(int t1,int t2,int t3,int t4){ set(t1,t2); set(); r=t3;s=t4;}
public void print(){ System.out.printin(x+" "+y+" " +z);
System.out.printin(m+" "+n); System.out.println(r+" "+s);}}
public class Main{
public static void main(String [] args){
obj_c=new C(); obj_c.set(1,2,3,4); obj_c.print();}}
1 2 3 4

obj_c 10 20 30

Example 2 (Tracing a program)

blic class A {

otected int x,y;

ublic int z;

ublic void set(){ x=10;y=20;z=30;} }

ublic class B extends A{

public int m,n;

public void set(int m1,int n1){ m=m1;n=n1;} }
public class C extends B{

private intrs;

public void set(int t1,int t2,int t3,int t4){ set(t1,t2); set(); r=t3;s=t4;}

public void print(){ System.out.println(x+" "+y+" " +z);
System.out.println(m+" "+n); System.out.println(r+" "+s);}}

public class Main{

public static void main(String [] args){

B obj_b=new B(); obj_c.set(1,2,3,4); obj_c.print();
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Example3 (Tracing a program)
public class A { The output:
protected int x,y; ‘1’ 20 0 < Scree
public int z; 34

public void set(){ x=10;y=20;z=30;} }

public class B extends A{

public int m,n;

public void set(int m1,int n1){ m=m1;n=n1;} }
public class C extends B{

private intrs;

public void set(int t1,int t2,int t3,int t4){ set(t1,t2); set(};—r=t3;s=t4;}

public void print(){ System.out.println(x+" "+y+" " +z);
System.out.println(m+" "+n); System.out.println(r+" "+s);}}

public class Main{

public static void main(String [] args){

obj_c=new C(); obj_c.set(1,2,3,4); obj_c.print();}}
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Homework

If we rewrite class C and B in example 1 as below:

public class C extends B {

private int r,s;

public void set(int t1,int t2,int t3,int t4){ set(t1,t2); r=t3;s=t4; }
public void print(){ System.out.println(x+" "+y+" '"+z);
System.out.println(m+" '"+n); System.out.println(r+" '"+s);} }
public class B extends A {

public int m,n;

public void set(int m1,int n1){

m=ml;n=nl;

set(s} }

The output will be :

10 20 30

1 2

3 4
Why?
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xample4 (Writing a program):

Define a base class called Person which has two string attributes
represent name and gender of a Person. Set method is used for setting
the name and gender for a Person. Derive one subclass called Student
which inherits all members from Person and add two new methods: the
first method is called set for setting three marks while the second
method called average which is used for printing average

259

ic class Person { public class Student extends Person {
private int m1,m2,m3;
tected String gender; public void set(int a,int b,int c){

lic void set(String nm,String gn) Rt
public void average(){

. double av=(m1+m2+m3)/3.0;
gender=new String(gn);} } System.out.println(name+" "+gender+" "+av); }}

ame=new String(nm);

public class Main {

public static void main(String[] args) {
The output: Student st1=new Student();
5:;;1 ffnn;?;e 1?)'_?, stl.set("Nour", "female"); stl.set(10,8,9); stl.average();

Student st2=new Student();
st2.set("Yazan", "male"); st2.set(10,10,10); st2.average(); } }
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xampled (Writing a program): LAB

Define a base class called Person which has two string attributes
represent name and gender of a Person. Set method is used for setting
the name and gender for a Person. Derive one subclass called Student
which inherits all members from Person and add two new methods: the
first method is called set for setting three marks while the second
method called average which is used for computing average
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ic class Person { public class Student extends Person {

d stri private int m1,m2,m3;
e lrnRinane; public void set(int a,int b,int c){

tected String gender; m1=a;m2=b;m3=c;}
lic void set(String nm,String gn) Public double average(){
return((m1+m2+m3)/3.0);}
public void print(){
gender=new String(gn);} } System.out.printin(name+" "+gender+" "); }}

ame=new String(nm);

public class Main {

public static void main(String[] args) {

Student st1=new Student();

The output: stl.set("Nour", "female"); stl.set(10,8,9);
Yazan male Student st2=new Student();
10.0 st2.set("Yazan", "male"); st2.set(10,10,10);
double av;
if (stl.average()>st2.average()){av=stl.average(); st1.print();}
else {av=st2.average(); st2.print();} 262
System.out.println(av);} }
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Constructors 1n base and sub-classes

¢ Constructor definition in subclass
¢ Calling a base class constructor in subclass

¢ Examples (tracing and writing programs)

ava Prugrammmg

Understanding the Java Class

Superclass Constructors

Constructors in Subclasses

Constructors are not inherited. That is, if you extend an existing class to make a
subclass, the constructors in the superclass do not become a part of the subclass.

¢ If you want constructors in the subclass, you have to define new ones.

¢ If you don’t define any constructors in the subclass, then the computer will make
up a default constructor, with no parameters, for you. This could be a problem, if
there is a constructor in the superclass that does a lot of necessary work. It looks
like you might have to repeat all that work in the subclass!
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or of sub-class is invoked when we create the object of subclass, it by default invokes the constructor of
s (which has no parameters). Hence, in inheritance the objects are constructed top-down.

perclass constructor can be called explicitly using the super keyword, but it should be first statement in

T.

per keyword refers to the superclass, immediately above of the calling class in the hierarchy. The use of
uper keywords to access an ancestor class other than the direct parent is not permitted.

super keyword should be used when we need to call a constructor with parameters.

Order of constructors call in inheritance
class Parent {
PaInt(){j/'Parent constructor

System.out.println("Parent()...");

}

i

lass Child exfends Parent {
hild(§{ // Child constructor

!stem.out.print]n("ChiId(). T

}
H

public class festConstructorCallorder {
public sfatic void main(String[] args) {

new €hild(}; // Invokes constructor

Examplel (Tracing a program)

public class One {
public One(){
System.out.println("'One');}

public One(int a){
System.out.println(''One with parameter');} }

public class Two extends One{
public Two(){
super(); / optional
System.out.println(""Two'");}
public Two(int a){
super(); //optional
System.out.println("Two with parameter');

L
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Example? (Tracing a program)
public class One {
public One(){
System.out.println(''One");}
public One(int a){
System.out.println(''One with parameter');}

}

Example3 (Tracing a program)
public class One {
public One(){
System.out.printin(''One");}
public One(int a){
System.out.println(''One with parameter');}

}
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Example4 (Tracing a program H.W,)

public class One { public class Two extends One{

protected int x,y; public Two(){

public One(int a,int b){ super(); System.out.println("Two");}
x=a;y=b; public Two(int a){ super();

System.out.println("One"+x+" "+y);} System.out.println("Two with parameter");}

public One() { }

System.out.println("One One");} }

...the compiler will detect an error

e 1: If we delete the empty constructor of the One class .

...why? ®
se 2: If we delete both constructors what will happen? Why? ©

ase3: If we delete the One(int , int) constructor what will be the output ? why? ©
se4: If we call One( int) constructor what will be the output ? why? &

269

Case5:
If we call the super constructor as shown:

public class Two extends One {

public Two(){
super (3,4);
System.out.println('"Two");}}

The output will be:
One3 4

Two

True or false?
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Example 4 (Writing a program)

Emergency contacts

are all the rage these days. When an emergency manifests
itself, all folks who have registered with the emergency contact database are
notified via email, phone, text message , etc. We can use the concepts of
inheritance to reduce the system's complexity and allow for future ways of
contacting individuals.
First, we model the general Contact. All contacts should have a name, but the
particular way in which they are contacted depends upon their preferred
method of communication. We will leave it for the subclasses of Contact to
decide how to implement the notify method.

Defining a subclass using the extends keyword

Now, let's make an EmailContact which is a subclass of Contact that is
ecialized for email notification. In order to define a subclass of any other™”

public class Contact {
private String firstName;
private String lastName;

public Contact(String givenFirstName, String givenLastName) {
firstName = givenFirstName;

lastName = givenLastName; }

public String getName() {
return (firstName + " " + lastName); }}

272

136


http://www.isualert.iastate.edu/
RAZER
Highlight


public class EmailContact extends Contact §{
private String emailAddress;

public EmailContact(String givenFirstName, String givenLastName,
String givenEmailAddress) {
/I first, we call the superclass constructor to initialize the
/[ "'inherited" instance variables
super(givenFirstName, givenLastName);

/I then, initialize everything that is special for EmailContact
emailAddress = givenEmailAddress;

}

public void notify(String alertMessage)

{
// send an email to the address
System.out.println("'Esteemed " + getName() +'",");
System.out.println(alertMessage);

)

273

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

EmailContact ec=new EmailContact(" Yasser",""Mohammed","iraq@gmail.com');
ec.notify(""FIRE near School HIGH"); }}

The output will be:

Esteemed Yasser Mohammed,
FIRE near School HIGH
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LAB :

The following figure is a class hierarchy of shapes. Shape is a generalized class of
ircle and Square. All shapes have a name and a measurement by which the area of
the shape is calculated. The attribute name and method getName() are defined as
properties of Shape. Circle and Square, being subclasses of Shape, inherit these
properties (highlighted in bold in the following figure).use constructors to set the
values of attributes.

Shiape

QEME]_ Circle S| getNane()
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PAuSel. _
& . reathier.

FINISH UP!

“this” keyword  «

¢ Using this key word in variables

¢ Using this with constructor
® Shadowed and hided Variables

Java Programming

Understanding the Java Class

Superclass Constructors
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this’ keyword «

There can be a lot of usage of java this keyword.
In java, this is a reference variable that refers to the current object.

f state
this

)

—L behaviour J
reference

variable

object

Usage of java this keyword

Thare can bt a kot of uiasge of v this Reywercl In e, this i s selerende varishie that
releis b the cafrent objecd,

it i b et b refer Cumeed
rhns rptance warhin,
ke canbe uwsd mlawke cunent
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Huislcan b e o i meks
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* Using this with a Field

® The most common reason for using this keyword is because a
field is shadowed by a method or constructor parameter.

public voud setDatalint ¢ . int dXf

=r - Harid e vl A |
Lk =, fompet rm]n'rl.'mm':’n |
bgdi o

:" public static voud rr;:dﬂtnng argsﬁi.tf
Account object| = new Account();
% object! setDatal2, 3),
Account object? = new Account();
object? setData(y, 3),

i

-

* Using this with a Field

¢ The most common reason for using this keyword is because a field is
shadowed by a method or constructor parameter.

Account

class Accountf
int 3;
nt b;
public voud setData(int a , int b)
| this. a=3; R
this. b=b; o i
- — varase

}

©
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class Account!

int a,

nt b;

pubhc void setDatalint 3, nt bW
thes. a=a, T O ——
this. beb; “:“::J

i s

public static voud manstring args[ I
Account obj = new Account();

t
public static void man(string args I
Account obj = new Account();

oby.setData(? 3)

©

* Examplel (Trace)

public class Point {
public int x = 0;
public inty = 0;

public Point(int a, intb) { x=a;

* Example2 (Trace)

public class Point {
public int x = 0; @
public inty = 0;

public Point(int x, int y) {

his.x = x; this.y=y; }}

- QUIZ

Choose the suitable face for each case

pudlic vod setDatalint ¢ , int )

the.a=¢; i e
ot o et
thlh.b=d; W

public voud setDatalint ¢ . int d)f

=L AT WA R |
o = mm,m rm@n:‘\um\?ﬂ |
b=d; e

public static vod rv;:dfstrnng argsI]J)f
Account object | = new Account();
% object | .setData(2, ),
Account object? = new Account();
object? setData(y, 3);

i

® © ©

283

y=b; }}

but it could have been written like this:
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* Example3 (Trace)
public class Account{
private int a; int b;
public void set(int a ,int b){ Q

a=a; b=b;}

 Example4 (Trace)

but it could have been written like this:

public void show(){
System.out.println("' Value of A ="+a);
System.out.println(''Value of B ="+b); } }

public class Main{

public static void main(String args[]){
ccount obj = new Account();
obj.set(2,3); obj.show(); } }

* Using this with Constructor

The output is:
Value of A =0
Value of B =0

285

¢ From within a constructor, you can also use “this” keyword to call

another constructor in the same class. Doing so is called an explicit(z<\s)

constructor invocation (s xiul),

286
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public class Rectangle {
private int x, y;
private int width, height;

this(0, 0, width, height); }

is.X=x;
this.y=y;
this.width = width;
this.height = height; }

gublic void print ){
ystem.out.print("
System.out.print(" y="+y);

* ExampleS (Trace)

public Rectangle() { this(0, 0, 1, 1); }
ublic Rectangle(int width, int height) {

System.out.print(" width=3'+width);
}System.out.print " height=""+height);

The output:
x=0 y=0 width=1 height=1
x=0 y=0 width=10 height=20
x=5 y=55 width=6 height=66

Hlublic Rectangle(int x, int y, int width, int height){

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

Rectangle r1=new Rectangle();
rl.print();

Rectangle r2=new Rectangle(10,20);
r2.print();

Rectangle r3=new Rectangle(5,55,6,66);
r3.print(); }}

287

* Shadowed and hided Variables

® One variable shadow another if they have the same name and are

accessible in the same place.

* Example6 (Trace)

The output is:
100
1000
2000

H.W
System.out.println(x);
System.out.println(this.x);

public class One {
private int x = 1000;
public void set(){
int x;
x=100;
System.out.printin(x);
System.out.println(((One)this).x);

((One)this).x=2000;
System.out.println(((One)this).x);} }

public class JavaMain {

public static void main(String|] args) {
One obj=new One(); 268
obj.set(); }}
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® What happens if an inherited variable has the same name as a variable of
the subclass? The variable of the subclass is said to hide (sometimes called
shadow) the inherited variable with the same name. The inherited variable
is visible in the subclass, yet it cannot be accessed by the same name.

We can say that a field is said to hide all fields with the same name in
super classes.

¢ But what if you need to use the inherited variable in the subclass; how can
it be accessed? The answer is to use the reserved word super.

® For example, if class B is a subclass of class A, and both contain a variable
named x as follows.

289

* The Special Variable super

Usage of Super Keyword

Super can be usad to
refer immed@te parent class
imstance variabie

super() can be used to Invoke
immediate parent class
constructorn

290
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* Example7 (Trace)

public class A {
protected int X; .....cooevnnennenn. }
public class B extends A {

// hide (shadow) the inherited variable common from class A
protected int x;

291

® Then in class B, the variable common may be referred to by either x or this.x.
However, the inherited variable common is referred to by superx or by
((A)this).x.

® Notice that the keyword ‘this’ may be cast to refer to the appropriate class, in
this case class A. This technique is useful if you want to refer to a variable in a
class beyond (¢_s) the immediate superclass higher up the class hierarchy.

® Although you may refer to shadowed variables by casting an object to the
appropriate type, this technigue cannot be used to refer to overridden
methods as explained in next lecture.
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* Example8 (Trace)

lic class Two extends One {
vate int x ;

ublic void print(){ set();
System.out.printin(this.x);
stem.out.printin(x);
System.out.printIn(((One)this).x);
ystem.out.printin(super.x);

x=2000;

super.x=10; this.x=20;
System.out.printin(this.x); System.out.printin(x);
System.out.printin(((One)this).x);

System.out.printin(super.x);

((One)this).x=30; x=40;
System.out.printin(((One)this).x);
stem.out.printin(super.x);

em.out.printin(this.x);

The output will be:

1000
1000
2000
2000
1000
1000
20
20
10
10
30
30
40
40

System.out.printin(x); } }

public class One {
protected intx;
public void set(){ x=1000;
System.out.printin(x);
System.out.printin(this.x);} }

public class Main {
public static void main(String[] args){
Two obj=new Two();

obj.print(); }}

293
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final keyword in Java

Final variable and blank variable

® Final method

® Final class

¢ Examples ( tracing programs)

ﬁ:; = Java

‘@ keyword

295

* Final Keyword in Java

Java, fillallkeyword is applied in various contexts. The final keyword is a
modifier means the final class can't be extended, a variable can't be
modified, and a method can't be override it means that an entity cannot
later be changed.

It used for the following purposes:

Final Variable So— |
Final Methods —)
Final Classes D)
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* Final variable

®  The field declared as final behaves like constant. Means once it is declared, it can't be
changed. Before compiling, only once it can be set; after that you can't change its value.
Attempt to change in its value lead to exception or compile time error. If the final variable
dose not initialize the compiler will throw compile-time error. It could be declared as
shown below:

Examplel:
public final double radius = 126.45;
public final double PI =3.145;  {3)

The fields which are declared as static, final and public are known as named constants.

Example2:
public class Maths{
public final double x = 2.998ES; } @

297

* Blank variable

¢ A final variable does not need not be initialized at the point of declaration: this is called a

MBIARKNRGI " variable.

¢ A blank final instance variable of a class must be assigned at the end of every constructor of
the class in which it is declared; similarly, a blank final variable must be assigned in a
initializer of the class in which it is declared: otherwise, a compile-time error occurs in both
cases.

Example3:
public class Sphere {

©

//blank final
public final double radius;
public final double xpos;
public final double ypos;
public final double zpos;
public Sphere(double x, double y, double z, double r) {
radius = r; Xpos = X; YPOS =Y; Zpos =2z; } 298

}

149


http://en.wikipedia.org/wiki/Variable_(programming)
RAZER
Highlight


* Note

* Any attempt to reassign radius, xpos, ypos, or zpos will meet with a compile

error.
¢ [In fact, even if the constructor doesn't set a final variable, attempting to set it

outside the constructor will result in a compilation error.

* Example4
public class Test { i
public static void main(String args|[]) { S
Al i
final int i = 10; | s |
=B/ Error because i is final. e

B / Error because iis final. }}

299

*  FKinal method

®  You can declare some or all of a class's methods final. A final method can't be
overridden by subclasses but it is still could be overloaded. This is used to
prevent unexpected behavior from a subclass altering a method that may be
crucial to the function or consistency of the class.

¢ A final method within a class could be declared in java as shown:

public class MyClass {
public final void myFinalMethod() {...}}

300
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Parent Class

Overriden method

Inherited method

Sub Class

overriding method

Animal S
data 1
move()
gat() -
I
Exttinds
Dog B Y
data 2
Move() wg—
bark()

Sample s=new Sample(); s.display();
Output

public void display(){
A

overridden method is final x
1 error

ERROR

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

H

FinalMethodExample.java:12: error: display() in FinalMethodExample.Sample cannot
override display() in FinalMethodExample
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* Final method arguments

®  You can also declare method's argument as final. The final argument can't be
modified by the method directly.

303

 Final class

® A final class cannot be extended. This is done for reasons of security
(Rlesll; 4ndl) and efficiency (ldll 5 3:1SW). Accordingly, many of the Java
standard library classes are final, for example java.lang.System and
java.lane. Strine. All methods in a final class are implicitly final.

® The final class is declared in java as shown:

public final class A {} » This means that A cannot be further
extended or subclassed. This feature has a
big implication. It allows control over a class,
public class B extends A 2 so that no one can subclass the class and
possibly introduce anomalous behavior
(b & dslw). For example, java.lang.String
is a final class. This means, for example, that
I can't subclass String and provide my own
length() method that does something very
different from returning the string length.

If we say:
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1- H.W.

Constructor can't be final ...why?

Could you define a final class without final methods?

Could you use a set method to initialize the final attributes within a class.
Does the final method process the final variables?

& s B

Explain the blank final.
Discuss that " The value of a final variable is not necessarily known at compile time"

® Give a programming example with its execution that describes g the following :

¢ Methods called from constructors should generally be declared final. If a
constructor calls a non-final method, a subclass may redefine that
method with surprising or undesirable results.
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Packages

? Package def. and types
® Creating a package
¢ Importing a package

® Access to classes within the same package
Examples

Types of Packages in Java

o in-built
o e
=J

© vseroctined

306
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Def.

* A java package is a group of similar types of classes, interfaces and sub-
packages.

* Package in java can be categorized in two forms, built-in package and user-
defined package.

* There are many built-in packages such as java, lang, awt, javax, swing, net,

io, util, sql etc.

Packages

' )
User Defined In Built
Packages Packages

307
| Java Hbrary l
2T f M Do e
FF.___.,-#' o R 3 _\_____‘—‘——__

@\ . @ -
i

Frogram for Program ta help Program to simplify
language support  programmery organize  Sraphical programs
information
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* Advantage of Java Package

1) Java package is used to categorize the classes and interfaces so that they can be
easily maintained.

2) Java package provides access protection.

3) Java package removes naming collision.

309

* Creating Package

® The package keyword is used to create a package in java.

package mypack;

public class Simple{

public static void main(String args[]){
System.out.printIn("Welcome to package");
}

}

310
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* How to access package from another package?

1- Using packagename.*

import package.*;

package pack; import pack.*;

public class A{ class B{

public void msg(){ public static void main(String args[])}{
System.out.printin("Hello");} } A obj = new A(); obj.msg(); }}

311

2- Using packagename.classname

import package.classname;

public class A{
public void msg(){System.out.printin("Hello");} }

public class B{
public static void main(String args[]){
A obj = new A();

obj.msg(); }}

312
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3- Using fully qualified name

public class A{
public void msg(){System.out.printin("Hello");}

}

class B{

public static void main(String args[]){
pack.A obj = new pack.A();//using fully qualified name

313

obj.msg(); }}

* Sub -package

package com.javatpoint.core;
class Simple{
public static void main(String args[]){

System.out.printIn("Hello subpackage");

I

314
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* Access Modifiers

kevword Visibility

private | Agcess to a private vanable or method 1s only allowed withun the

code fragments of a class

PI Access 10 a protectad vanable or method 1s only allowed within the
el | code fracments of a class and its subelass.

{fmendly) | Access to a fnendly vanable or method (with no access specifier) 1s
ouly allowed within the code fragments of a class and any other class
i the same package,

pupls Access to a public vanable or method 15 unrestncted. It may be
accessed from the code fragments of any class

Override method
Definition
® Rules
® The Special Variable super and this for method calling
® Examples (graphical , tracing)
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* Overriding Method (“x¢<!l)(dynamic polymorphism)

® A subclass can override an inherited method by providing a new method
declaration that has the same name, the same number and types of
parameters and the same result type as the one inherited.

® The inherited method is hidden (Shadowed) in the scope of the subclass.
When the method is called for an object of the subclass, the overriding
method is executed throw run time (dynamic polymorphism).

® The override method is completely re-declaring the method in the
subclass but recognizing that it is a new version of the inherited method,
rather than just another method. Constructors cannot be overridden.
Overriding should not be confused with overloading.

317

* Rules for Method Overriding

e The method signature i.e. method name, parameter list and return type must
match exactly.

e The overridden method can widen the accessibility but not narrow it, i.e. if it

is private in the base class, the child class can make it public but not vice
versa.

318
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Graphical example 1

Animal

superclass
+void move()

Dog

+void movel(}
subclass

+void bark()

overridden method

overriding method

319
Graphical example 2
Animal L Parent Class
data 1 Overriden method
move()
cat() -— Inherited method
|
extends
Dog —®Sub Class
move() g———— overriding method
bark()
320
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Example 3

class Cat{

Overriding
public void Sound(){
System.out.println("mecowW); Same method
}
} name and same
class Lion extends Cat{ parameters

public woid sniff()/{
System.out.println("sniff");
}
public void Sound(){
System.out.println("roar");

* Example 4 (Explanation

Ilwukln an Overridden Method

class A {
Int k=1;
Imt f{) { return k; } i & very simple method

class B extends A {
Int k; if This varlable shadows K in A
int 1() { il This method overrides f{) in A

k=superk + 1; It retrieves Ak this way
return super.f() + ki # And it Invokes Af{) this way

}
}
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Method Overloading

Method Overriding

1. Defining multiples methods in same class with
different parameters,

1. Defining same methods in different class with
same parameters.

2. Method Signature is different,

2. Return type + Method Signature is same.

3. Checked at compile time.

3. Checked at run time,

4, Also called as Compile time polymorphism/Early
binding/Static binding

4. Run time polymarphism/Late binding/Dynamic
binding.

5. May or may not need inheritance.

* Example 5 (Tracing)

public class Two extends One{
private int x,y;
public void set(){
public void print(){

super.set();

public class Main {
public static void main(String[] args) {
Two t=new Two(); t.set(); t.print();} }

The output:

©

©

5. Must need inheritance.

x=100; y=200; }
super.print(); System.out.println(x+" "+y); } }

* The differences between method overloading and overriding

323

324

162


RAZER
Highlight


 Notel

® Private methods cannot be overridden, so a matching method declared in a
subclass is considered separate. Set and print methods in One class are not
overridden).

325

* Example 6 (Tracing)

public class Two extends One{
private int x,y;
public void set(int x,int y){ this.x=x;this.y=y; }
public void print(){  set(100,200); System.out.println(x+" "+y); }}

Two t=new Two(); t.print();} }

The output: |
100 200 ’i@
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* Note?

¢ If we override the set method and set the modifier to "protected" in sub
class while it is public in super class, then the compiler will detect an error.
Access to the overridden method using public, protected or the default if
no modifier, must be either the same as that of the super class method or
made more accessible (change it from protected to public).

® An overriding method cannot be made less accessible (e.g change from public to
protected). Static method cannot be overridden. Instance methods cannot be
overridden by static method. The final instance method cannot be overridden
also a final static method cannot be re-declared in a subclass( this point will be

explained later).

327

Restrictive

. * 20
U, =3

Javo

Access

Modifiers

Scientech Easy

N | ..

* Restrictive
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« Example 7 (Tracing)

The output:
10 20
public class Main { 100 200
public static void main(String[] args) { 329

Two t=new Two();  t.print();}}

* Example 8 (Tracing) Test1

public class One {

protected int x,y;

public One(int a,int b){ x=a;y=b; System.out.println("'One"+x+" '"+y);}
public One(){ System.out.println(""One One'");} }

public class Main {
public static void main(String[] args) {
Two t=new Two(); t.print();} }
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*  Example 9 (Tracing) Test?

public class Main {
public static void main(String[] args) {
Two t=new Two(); t.set(10,20,30,40); t.print();} }

The output: ? ‘ .,g = !

A _“ -_, b = 331
Correct or Not? Yes it is ﬁl b ‘—E}h
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static keyword in Java

Static variable

® Static method Javal Static
® Static block and class
©

® Examples ( tracing programs)

Static
Class ‘,.l‘
.":‘-"‘ ¥
Java
Static
Slatic
Vanrable /

333

e Static variable

Static variable in Java is variable which belongs to the class and
initialized only once at the start of the execution.

It is a variable which belongs to the class and not to object(instance ).

Static variables are initialized only once, at the start of the execution.

It could be accessed by ClESSNaMENataDIENamel (i it is public for

example),so it is named class variable.

334
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Ney reatures or otatiC variaplies:

1.Declared with the static keyword inside a class but outside any method,
constructor, or block.

2.Shared among all instances of the class (i.e., a single copy exists for the
entire class).

3.Allocated memory once at the time of class loading.
4.Can be accessed using the class name (e.g., ClassName.variableName).

5.Default value: If uninitialized, it takes the default value based on its data
type (e.g., O for integers, null for objects).

6.Useful for constants and properties shared across all instances.

e Examplel (Explanation)

public Class Example

Correct

public static int b=3;
public static int a=b*10;

public class A {
public int b=3;
public static int a=3*b; | «

Error

public class A {
public static int b=3;
public inta=3*b; } 336

Correct
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e Static method

Static method in Java is a method which belongs to the class and not to the object.

A static method can access only static data and cannot access non-static data
(instance variables).

A static method can call only other static methods and can not call a non-static
method from it.

It could be invoked using classname.methodname(), it named class method, like
random method in Math class and possible to invoke it using object too.

337

Example 2 (Explanation
public class C {
private int n=0;
public static int s=0;
public int getn() { return (n); /OK }
public int gets() { return s; //OK }
public static int get2n() { return n; /ERROR! } } .
Example 3 (Explanation)
211
WHY?1!! public class & §
public static int k=3
pubilic static it am3thg
pubilic dint o:
public static voild sebl() |
a=100y
}
public void aet2()(
a=g00;:}

public void set3(){
=300 )
public scavic void sebdi)

|nun-stati: wariable ¢ cannot be referenced from a static :Unte:d:|
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' * Example 4 (Trace):
public class Demo{
public static void main(String args[]){

Student s1 = new Student();
System.out.print("object s1
sl.increment();

System.out.print("object s1

"); sl.showData();
");sl.showData();

Student s2 = new Student();

System.out.print("'object s2 '"); s2.showData();

s2.increment();

System.out.print(''object s2 '"); s2.showData();
s2.increment();

System.out.print(''object s2 ');s2.showData();
Student.b++;

System.out.print(''object s2
System.out.print("object s1

[
‘ Object in memory
sl
s2

'"); s2.showData();
'"); sl.showData();

e Static block

1 2

The output:

object s1
object s1
object s2
object s2
object s2
object s2

Valueofa=1
Value of a = 2
Valueofa=1
Value ofa=2
Value ofa=3
Value ofa=3

Value of b=1
Value of b =2
Value of b=3
Value of b =4
Value of b=5
Value of b=6
Value of b=6

objects1 Value ofa =2
public class Student {
private int a;
public static int b;
Student(){ b++;a++; }

public void showData(){
System.out.print(''Value of a = "+a+" '");
System.out.print(''Value of b = ""+b);
System.out.println(); }

public void increment(){ a++; b++;} }
b

339

123456

® The static block is a block of statement inside a Java class that will be
executed when a class is first loaded into the JVM.

® A static block helps to initialize the static data members, just like
constructors help to initialize instance members.

public class Test{

}

static { //Code goes here }

340
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* Example 5 (Trace: How to access static block) S:Itupeu:; R
public class Demo { Value of b = 20
public static int a;
public staticint b;
static {
a=10; b=20;}
}
public class Main{
public static void main(String args[]) {

Demo dm=new Demo();

System.out.println("Value of a=" +dm. a);

System.out.printin("Value of b =" +dm. b);

System.out.printIn("Value of a=" +Demo. a);

System.out.println("Value of b="+Demo. b); }}

Static class

¢ Can a class be static in Java?
The answer is Yes, some classes can be made static in Java.

® Java supports Static Instance Variables, Static Methods, Static Block and
Static Classes.

Java allows a class to be defined within another class. These are
called Nested Classes. The class in which the nested class is defined is
known as the Outer Class. Unlike top level classes, Inner classes can be
Static. Non-static nested classes are also known as Inner classes.

The nested classes will be explained later.

PP s .
iI.|.. rllass. [ g e ___'.:.._._._.._.,.,_.”“_ Prugram
InnerClass —
f: e
} - ﬁl':\.‘llll'.i.lll::'l.'.lll —

} 342

341
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* Static method with inheritance

® The static method cannot be overriding but redefining (redeclaring).
¢ The static method can be redefining (redeclaring).

® An instance method cannot override a static method, and a static method
cannot hide an instance method.

343

e Example 6 (Trace)

The output:
public class Scott { 22z
public static void abc() { System.out.printin("'aaa'); } }

public class Group extends Scott {
public static void abce() {

stiperabe():

System.out.println(''zzz");}}

public class Main{
public static void main(String[] args){
Group.abe(); } }

* QUIZ

Q1:What are the differences between method overriding and redefining (redeclaring) in
java? 344
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Method Overriding

* A method declared static cannot be overridden but can be re-declared.

» Consider the following method declared inside the Parent Class:

public static int calculate(int num1,int num2) {
return numl+numa2;

!

* Then child class cannot override static method from parent class but it
can redeclare it just by changing the method body like this:

public static int calculate(int num1,int num2) {
return num1*num?2;

!

* However we have to keep the method static in the child class, we
cannot make it non-static in the child class, So following method
declaration inside child class will throw error

public int calculate(int num,int num2) { //without static
return numl*numa2;

!

Example 7 (T'race)

public class Two extends One {
private int a;
public static void f1(){ /superflO;
System.out.println(''redefining method f1 from class Two'"); }
public void f3(){System.out.println('""'method overriding from class Two');
super.f30; }}

Does the output correct or not and why?
public class Main {

public static void main(String][] args) { redefining method f1 from class Two

Two t=new Two(); method overriding from class Two

£10; 630 1 from elas One
One.f1(); Two.f1(); }} static f1 from class One

redefining method f1 from class Two
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= Using static with array of objects « FExample 8(Trace)
ublic class A {

ublic static int x;

public AQ){ x=x+1;}

public void print (){ System.out.println("'printing x using object "+'"x="+x);} }

The output: (Correct or not?)

~ Aal=newA(;  al.print(); printing x using object x=1

 Aal=newA(;  al.print(; printing x using object x=2

- System.out.printin("printing X using class "+A.x); printing xaisinglak e
printing x using class 7

- Aa_array[|=new A[5]; printing x using object x=7

- for(int i=0;i<5;i+-+){ printing x using object x=7

347

Nested classes

Outer class

® Inner class

¢ Static class

® Examples ( tracing programs)

Nested
Class in
Java
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* Nested class

The Java programming language allows you to define a class
within another class which is called nested class.

The following java segment illustrates the nested class declaration
in java:

Example 1
public class OuterClass {
public class inner { -

}

Instance of
# DutarClass

.| Instance of
InnerClass

*  Very important note (Terminology):
Nested classes are divided into two categories

Nested
Classes
L
Ll I
Stmibe Nested Inmer C a5y
3 {Naon-static
Clazs
nestod classes)
Local ANONymous
—P Classes Classms
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* Inner class

The inner class is known as a member class.

¢ [s another class component in the same way that constants, variables, and
methods are also class components.

As with instance methods and variables, an inner class is associated with an
instance of its enclosing class and has direct access to that object's methods
and fields.

Also, because an inner class is associated with an instance, it cannot define
any static members itself.

L]
h" s
OuterClass ~ { ¢ through Sﬁi;;m Program

{
InnerClass
{ e— =Y
— «

Can't access
} without OuterClass
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Access modifiers

Scope of vawiables in nested classes:

Can't
access
members
of
Inner class

OuterClass

{

private inta = 3;
private void show(]

()

InnerClass

{

int b= 1{;

et void data()
i
}
}

Inner class can
access members
of Outer class
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« Example 2 (Struc

public class Center{
private int x,y;
Center(){ }

Example 3 (Trace)

public class inner {

/
b

private int y;

public int get(){return (y);}
public void set() {y=200;}
public void set(int a){y=a;)}
public void print(){

%out. printin("y="+ty);}

ture)

|

public class Main {

public static void main(String[] args) {
outclass o= new outclass();

o.set();
o.print();

outclass.inner il=o.new inner();
Voutclass.inner i2=new outclass().new inner();

il.set(8); il.print();
i2.set(5); i2.print();

b

The output :
x=100
y=200

y=8

y=5
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F public class Outer {

public static void main(String[] args) { .prlvafelnt Xi :
— inner in=new inner();
Outer o= new Outer(); . .
o?eR)' e public void set() {
. B— X x=100;
in.set(); }
public void print(){
System.out.println("'x="+x);

Outer.inner il=o.new inner();

il.set(8);  il.print(); 3

The output public class inner {
;;;gg private int y;

public int get(){return (y);}
Craparof votabliay L mastedd, clpuao pllblic VOid Set() {y=200;}

public void set(int a){y=a;}

l/,/t‘\?\l ‘/ (/%*” A public void print(){

y=8

The output:
25
38

public class MylInner {
public int num = 38;
public int getNum() { return num; }

}

//OuterClass.InnerClass innerObject = outerObject.new InnerClass();

System.out.println("'y=""+in.get()); }

System.out.println("'y=""+y);x=1000;
V System.out.println("'x="+x); } } }
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* H.W. LAB In class main find the summation of all x's and y's

& e
Tt )
L

Frbs i}

-l

el L1

-
Sart] |
[

e Static nested class

® A static nested class is a regular class defined inside of a package level class or inside of another
static nested class.

® They are actually defined inside the body of the parent class, not only in the same file.

¢ As with any high level facility offered by a programming language it can be of real help in structuring
clear programs or it can be just the opposite of this when abused.

¢ Static nested class facts:
is defined as a static member of the parent class
accepts all accessibility modifiers
it is NOT linked to an outer instance (it can live independently)
has direct access to static members of the parent class regardless of the access modifiers declared in the
parent class
has direct access to all members of an instance of the parent class regardless of the access modifiers
declared in the parent class

¢ Here is a brief example of how nested classes are declared and how they access members of the parent
classes.
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* Kxample )

public class Top{
private static int staticCounter = 0;
private int nestedCounter = 0;

public static class Nestedl {

private static int staticCounter = 0;
private int nestedCounter = 0;

public static class Nested?2 {

public Nested2(Top t, Top.Nestedl tnl) {
Top.staticCounter++;
t.nestedCounter++;
Top.Nestedl.staticCounter++;
tnl.nestedCounter++; } }

public Nested1(Top t) {
Top.staticCounter++;
t.nestedCounter++; }

public String toString() {

return

getClass().getName() + ".nestedCounter: "' + nestedCounter +
System.getProperty("line.separator") +

getClass().getName() + ".staticCounter: " + staticCounter;

1}

public String toString() {

return

getClass().getName() + ".nestedCounter: "' + nestedCounter +
System.getProperty("line.separator") +

getClass().getName() + ".staticCounter: " + staticCounter;

/

public static void main(String(] args) {

Top t = new Top();

Top.Nestedl nestedl = new Top.Nestedl(t);
Top.Nestedl.Nested?2 nested2 = new Top.Nestedl.Nested2(t, nestedl);
System.out.printin(t);

System.out.printin(nestedl);

}
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Abstract class and Dynamic binding

? Dynamic polymorphism
*

® Dynamic binding

Abstract class and abstract method

Examples ( tracing and writing programs)

ABSTRA EE CLASSES

chass Reclaisgle  class Trlamgle Glass Chrcle

e e e ] 363

* Polymorphism in OOP as explained previously

e previous lectures we discussed Polymorphism in Java. In this lecture we
ee types of polymorphism. There are two types of polymorphism in java:
tatic Polymorphism also known as compile time polymorphism.

Dynamic Polymorphism also known as runtime polymorphism.

“hod Overloading in Java — This is an example of compile time(or static
lymorphism) and it has been discussed previously.

- thod Overriding in Java — This is an example of run time (or dynamic
lymorphism).
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¢ In addition to overriding method, there is another concept of dynamic polymorphism.
It means the ability of an object to take on many forms. The most common use of
polymorphism in OOP occurs when a parent class reference is used to refer to a child class
object. It is one of the core concepts of object-oriented programming (OOP). It is
important to satisfy two conditions:

1. The classes must be part of the same inheritance hierarchy.

2. The classes must support the same required methods.

Example 1 ( Dynamic polymorphism types):
public class A {
public void dolt(){ }

....... }

public classB extends A {
public void dolt(){ } ....... }
public classC extends B {
public void doIt(){ } ....... }

365

® Given classes A, B, and C where B extends A and C extends B and where
all classes implement the instance method void dolt(). A reference variable
is instantiated as "A x = new B();" and then x.dolt() is executed. What
version of the dolt() method is actually executed and why?

® The version of the dolt() method that’s executed is the one in the B class
because of dynamic binding.

® Dynamic binding basically means that the method implementation that is
actually called is determined at run-time, not at compile-time. Hence the
term dynamic binding. Although x is of type A, because it references an
object of class B, the version of the dolt() method that will be called is the
one that exists in B.
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Example 2 (Dynamic Polymorphism and Dynamic binding):

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

ABC obj = new ABC();

public class ABC{ obj.myMethod();
public void myMethod(){ // This would call the myMethod() of parent class

System.out.printIn("Overridden Method"); }} ABC

public class XYZ extends ABC{ XYZ obj = new XYZ();
public void myMethod(){ obj.myMethod();
System.out.printin("Overriding Method"); }} // This would call the myMethod() of child class

XYz

ABC obj = new XYZ();

obj.myMethod();

// This would call the myMethod() of child class
XYZ }}

Example 3 (Trace):

public class Animal{
public void move(){ System.out.println("Animals can move"); } }

class Dog extends Animal{
public void move(){ super.move(); // invokes the super class method
System.out.println("Dogs can walk and run"); }}

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

Animal b = new Dog();
b.move();//Runs the method in Dog class }}

The output:
Animals can move
s can walk and run

N
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Abstract Method

*An abstract method is a method that is declared without an implementation (without {}),
and followed by a semicolon, like this:

abstract int area();
abstract int sum(int x,int y);
abstract int mul(int ,int);

ABSTRA CI CLASSES
ABSTRACT METHODS

chass Shape
alribrieinl Atnad,

e | [ o

class Rectangle | class Triangle class Circle

i | R T LT FITTERTTr= ey,

® Exa

Define

5 (writing a program)

class called Polygon which has two integer attributes represent the dimensions of a Polygon. Set
ed for setting the dimensions. Derive three subclasses Rectangle, Triangle and Parallelogram.
n class to print the areas of the three Polygons using:

ygon references 2:one polygon reference 3:using array of three objects.
public abstract class Polygon {

protected int d1,d2;

public void set(int a ,int b){ d1=a;d2=b;}

public abstract int area();

public abstract void print(); }

~ public void print(){ System.out.printIn("rectangle"); System.out.printin(d1+"  "+d2)s}}
public class Triangle extends Polygon {

public int area(){return (d1*d2/2);}
public void print(){ System.out.println("'triangle'"); System.out.println(d1+"

"+d2);}}
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The output:
20
rectangle

4 5

28
triangle
7 8

30
paralleloram
5 6
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The output:
20
rectangle

4 5

28
triangle
7 8

30

paralleloram
5 6
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The output:
20
rectangle

4 5

28
triangle
7 8

30

paralleloram
5 6

375

Interface
? Multiple inheritance
¢ Interface declaration
Incerface Class
® Default method and tag interface —

Examples ( tracing and writing programs)

Interfaces vs, Abstract Classes

ntarface

Vehicle

Implerments— : Exlindh - |
1

376
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* |Interface Def.

® An interface is programming structure, is not a class but it is a blueprint of a class.

® its definition is similar to a class definition except that it uses the interface

keyword.

¢ All methods in an interface are either abstract methods or default method (java §8),

that is, they are declared without the implementation part. They are to be implemented
in the subclasses that use them.

® It can also include a static constant declaration.

® Writing an interface is like writing a class, but they are two different concepts:

A class describes the attributes and behaviors of an object while, an interface contains
behaviors that a class implements. Unless the class that implements the interface is
abstract, all the methods of the interface need to be defined in the class.

* Interface and class (similarity)

An interface is similar to a class in the following ways:

An interface can contain any number of methods.

An interface is written in a file with a .java extension, with the name of the
interface matching the name of the file.

The bytecode of an interface appears in a .class file.

Interfaces appear in packages, and their corresponding bytecode file must be
in a directory structure that matches the package name

378

189


RAZER
Highlight


Interface and class (differences)

You cannot instantiate an interface.

One public specifier is used.

An interface does not contain any constructors.

All of the methods in an interface are abstract.( except default javaS8)

An interface cannot contain instance fields. The only fields that can appear in an
interface must be declared both static and final.

An interface is not extended by a class; it is implemented by a class.

An interface can extend multiple interfaces.

379

Interface

1.interface keyword

2.Subclasses implements
interfaces

3.Java 8 onwards,
Interfaces can have
default and static
methods

4. We can implement
multiple interfaces

Abstract Class

1.abstract keyword

2.Subclasses extends
abstract class

3.Abstract class can have
implemented methods

and 0 or more abstract
methods

4. We can extend only one
abstract class
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Declaring Interfaces
The interface keyword is used to declare an interface. Here is a simple example
to declare an interface. Let us look at an example that depicts encapsulation:
Interfaces have the following properties:
*An interface is implicitly (L) abstract. You do not need to use the abstract
keyword when declaring an interface.
*Each method in an interface is also implicitly abstract, so the abstract keyword
is not needed.
*Methods in an interface are implicitly public.
*No static methods within Interface.

Example 1

public interface NewInterface |

ntx=10+———  implicitly static and final (constant)

void print(j«———  implicitly public

public NewInterfacey—— E R R O R no constructor within interface
|

381

* Implementing interface

A class uses the implements keyword to implement an interface.
A class can implement more than one interface at a time.
A class can extend only one class but implement many interfaces.

An interface itself can extend another interface

The implements keyword appears in the class declaration following the extends portion
of the declaration.

If a class does not define all the behaviors of the interface, the class must declare itself
as abstract.

382
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Multiple Inheritance
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* Example 2 (explain and trace)

interface Animal{
ublic void eat();
ublic void travel();}

public class Main { public static void main(String args[]){
Dogs m=new Dogs(); m.eat(); m.travel(); }}

The output:
Dog eats

iog travels
N N

* Example3 (Trace)

interface Shape { The output :
public double area(); H.W.
public double volume();}

386
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* Default Methods In Java 8

¢ Before Java 8, interfaces could have only abstract methods.

® The implementation of these methods has to be provided in a separate class.
So, if a new method is to be added in an interface, then its implementation code
has to be provided in the class implementing the same interface.

® To overcome this issue, Java 8 has introduced the concept of default
methods which allow the interfaces to have methods with implementation
without affecting the classes that implement the interface.

387

* Example4 (Trace)

class TestClass implements TestInterface {

public void square(inta) { System.out.printin(a*a); }}

public class Main{

public static void main(String args[]) { 1T6he output:
TestClass d = new TestClass(); Default Method Executed

d.square(4);

d.ShOW(); } } 388
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* Multiple Inheritances Using Interface
* Example 5 (explain and trace)

class Vehicle implements vehicleone,vehicletwo{
public void distance(){
int distance=speed*100;

public void distance(); } System.out.println("distance travelled is '"+distance); }

interface vehicletwo{ public void speed(){
int distance=100; int speed=distance/100; }}

public void speed(); }

The output:
Vehicle 3
distance travelled is 9000

Extending Interface « Extending Multiple Interfaces
public interface Hockey extends Sports public interface Hockey extends Sports, Event
{ )

}

Extends and lmplements together

Claas eidifina

wnmrle | I mrplemesis

* Tagging Interfaces
package java.util;
public interface EventListener {}

An interface with no methods in it is referred to
as a tagging interface. 390
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HW.
Deﬁn"va structure for the following Hierarchy diagram

[
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*  Quiz

hat is the default modifier in Interface?

1509y public + abstract for methods

public + abstract for interface declaration

public + static + final for the interface declaration
variable

o B
mathodi1{)
mathodi2()

mathodi ()

B
rmethocl2()
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Lec?25 Files

File class

Creating file
® Reading and writing from/to file
Deleting file

¢ Examples
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createtaewrilel)

w

getAbsolutePath()

Return

Type

Boolean

Boolean

Baolean
Baalean

Boolean
String

String

Long
string(]

Boolean

In Java, a File is an abstract data type. A named location used to store related
information is known as a File. There are several File Operations like creating a
new File, getting information about File, writing into a File, reading from a File and
deleting a File.

A series of data is referred to as a stream. In lava, Stream is classified into two
types, i.e., Byte Stream and Character Stream.

Input stream
Classes

(reads)

Output stream
Classes

(writes)

Reader Classes
Character (reads)
Stream
Writer Classes
Z

(wirites)

Description

. The canRead({) method is used to check whether we can read the data of the

file ar not.
The createNewFile() method is used to create a new empty file.

The canWrite() methaod is used ta check whether we can write the data into

the file or not.

The -x]!t:() meathod 12 used to check whethar the ::[.1::(:|fie’.'|::] file i present or

not.
The delete() method is used to delete a file.
The getMame() method is used to find the file name.

The getAbsolutePath() method is used to get the absolute pathname of the
file.

Ihe length() method is used to get the size of the file in bytes,

The list{) method is used to get an array of the files available in the directory.

The mkdir() method is used for creating a new directory.
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File Operations in Java

@ 92) (03)
s s i

Create a File Get F'I‘? :
Information File

Ah A

Delete a File

Read From a
File _

new file. We use

ate a File
File operation is performed to create a

eate a
e createNewfFile() method of file. The createNewFile() method returns true when it

lccessfully creates a new file and returns false when the file already exists.
's take an example of creating a file to understand how we can use

X |

he createNewFile() method to perform this operation.

d.exe

| B CAWindows\System32)

import java.io.File;
import java.io.lOException;
class CreateFile {
public static void main(String args[]) {

try { File fO = new File("D:FileOperationExample.txt");
if (f0.createNewFile()) { System.out.printin{"File " + f0.getName() + " is created successfully."}); }
I8

else{ System.out.println("File is already exist in the directory.");
catch (IOException exception) { System.out.printin("An unexpected error is occurred.");

exception.printStackTrace(); }} }
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2- Get File Information
The operation is performed to get the file information. We use several methods
to get the information about the file like name, absolute path, is readable, is
writable and length.

import java.io.File;
class Fileinfo {
public static void main{String[] args) {

File f0 = new File{"D:FileDperationExample. twt™);
if {#0.exists()) | System.out.printin{"The name of the file is: ~ + 10.getName());
Systern.out.printin{"The absolute path of the file is: " + f0.getAbsolutePath());
System.out.printin(”ls file writeable?: * + f0.canWrite(]);
System.out.println{”ls file readable * + f0.canRead());
System.out.printin{“The size of the file in bytes is: * + f0.length()); )
else { System.out.printin{“The file does not exist.”); }
})

3- Wrrite to a File
The next operation which we can perform on a file is "writing into a file". In order
to write data into a file, we will use the FileWriter class and its write() method
together. We need to close the stream using the close() method to retrieve the
allocated resources. ac— B

import java.io. FileWriter;
import java.io.JOException;
class WriteToFile {
public static void main(String(] args) {
try{
FileWriter fwrite = new FileWriter|"D:FlleOperationExample.trt"};
fwrite.write("A named location used to store related information is referred to as a File.");
fwrite.closs();
System.out.printin("Content is successfully wrote to the file."); }
catch (IOException €] {
System.out.printin("Unexpected error occurred™);  e.printStackTracel); |}
1}
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4- Read from a File
The next operation which we can perform on a file is "read from a file". In order to write data into
a file, we will use the Scanner class. Here, we need to close the stream using the close() method.
We will create an instance of the:

and use the to get data from the file.

import java.io.File;
import java.io.FileNotFoundException;
import java.util.Scanner;
class ReadFromFile {
public static void main(String[] args) {
try { File f1 = new File("D:FileOperationExample.txt"); Scanner dataReader = new Scanner(f1);
while (dataReader.hasNextLine()) {
String fileData = dataReader.nextLine(); System.out.printin(fileData); }
dataReader.close(); }
catch (FileNotFoundException exception) {
System.out.printIn("Unexcpected error occurred!"); @
exception.printStackTrace(); }

b}

B C:\Windows\System32\cmd.exe - 0O X

named on used re related info ed to as a Fi

le.

5-Delete a File

The next operation which we can perform on a file is "deleting a file". In order
delete a file, we will use the delete() method of the file. We don't need to close th:
stream using the close() method because for deleting a file, we neither use thi
FileWriter class nor the Scanner class.

import java.io.File;
class DeleteFile {
public static void main(String[] args) {
File fO = new File("D:FileOperationExample.txt"});
if (f0.delete()) {
System.out.printin(f0.getName(}+ " file is deleted successfully."”); }
else { System.out.printin("Unexpected error found in deletion of the file."); }

}}

| B C\Windows\System32\cmd.exe = 5] X
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The output is:
Example 1 Nesw Filo ks cremind

// Creating a file
import java.io.*;
public class FileExample {
public static void main(String[] args) {

try {
File file = new File("javaFile123.txt");
if (file.createNewFile()) {

System.out.println("New File is created!");
}else{

System.out.printin("File already exists.");
}
} eatch (IOException e) {
e.printStackTrace();
}
3

- Example 2
import java.io. *;
public class FileExample2 {
public static void main(String[] args) {
String path=""; boolean bool = false;
try { File file = new File("testFilel.txt");
file.createNewfFile(); System.out.printin(file);
File file2 = file.getCanonicalFile();
System.out.printin(file2);
bool = file2.exists(); path = file2.getAbsolutePath(); System.out.printin(bool);
if (bool) { System.out.print{path + " Exists? " + bool); }

HW. Trace and execute it

}
catch (Exception e) { e.printStackTrace(); }
1} The output is-
testFile].bd
Mmome/WorkiProject/FileftestFile1.bt
true
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Sustainable programming refers to the creation of software and
applications that are designed and developed with their impact on the
environment and society at large in mind.

Today, sustainability has become a global concern and a priority for
many companies and organizations worldwide. As a result, it is
increasingly common to find sustainable programming initiatives and
practices that focus on reducing the environmental impact of technology
and computing.

Environmentally sustainable programming is an increasingly relevant

topic in the technology industry. We all know that technology and

information technology are two fields that generate many greenhouse

gas emissions and electronic waste. That is why it is of great importance

that sustainable programming can help reduce these environmental
acts.

In a general sense, environmentally sustainable programming code refers
to the creation of computer programs that consider the environmental
impact of their design and operation to reduce their carbon footprint and
contribute to the preservation of the environment.

In this lecture, we’ll cover some of the environmentally sustainable
programming.
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Energy Efficiency

Sustainable programming code is written with energy efficiency in
mind. This means that the software is designed to use as few
resources and energy as possible. For example, the binary search
algorithm is more efficient than the linear search algorithm since it
uses fewer operations to find a result. Similarly, the use of
compression algorithms can help reduce file sizes and decrease the
amount of power required to transfer and store data.

Top 4 Most Energy Efficient Programming Languages

Programming Language Energy Consumption (J)  Speed of Execution {ms)

c 57 2me

54 2103
77 3155

114 3821
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Ruby

C/C++: Known for its compilation speed and runtime efficiency, C/C++
consumes minimal memory and processor resources, making it one of
the greenest programming options available.

JavaScript: Essential for web development and ubiquitous across
development platforms, JavaScript can lead to inefficient code that
requires higher resource use if not properly optimized.

Rust: With a focus on memory safety without the use of a garbage
collector, Rust offers optimized performance that reduces power usage,
making it an increasingly popular choice for energy-efficient
applications.

Java: Despite its extensive use and well-optimized Java Virtual Machine
(JVM), Java still requires significant energy, particularly in large-scale
tems, although recent improvements have helped mitigate its
mental impact.

Top 3 Least Energy Efficient Programming Languages

Programming Language Energy Consumption (J)  Speed of Execution {ms)
Perl 4,604 132,856
Pythan 4,350 145,178

4,045 119,832
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Ieast Environmentally Friendly Programming Languages
Programming languages that are less efficient in terms of energy
consumption can have a considerable environmental impact:

Python: Despite its popularity and ease of use for developers, Python
consumes significantly more energy—up to 45 times more than C++. This
high energy usage makes Python a major concern from an environmental
standpoint, especially given its widespread adoption in various sectors.

PHP: While commonly used in web development, PHP can be inefficient in
its standard deployment scenarios, leading to higher energy consumption.
Ruby: Ruby's developer-friendly syntax comes at the cost of considerable
CPU and memory usage, which can strain resources and increase energy
consumption.

Perl: As an older technology, Perl may lack the optimizations of newer
programming languages, leading to increased demand on system resources
and higher energy use.
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How Businesses Can Make More Environmentally Friendly
Programming Choices?

Green coding aligns with and enhances the existing IT sustainability
protocols and practices within an organization. Here are sustainability
efforts that can be made to create a more efficient and greener practice
for your business:

Choosing the Right Programming Languages: Some languages
inherently require less computational power, which translates into lower
energy consumption. Languages like Rust, C, or C++ are generally more
efficient than interpreted languages like Python or Perl. When
performance and efficiency are critical, selecting a compiled language

can lead to significant energy savings.

Core Energy Efficiency: Applications utilizing multi-core processors
can be developed to boost energy efficiency. For instance, programmers
can write code that commands processors to shut down and reboot in
microseconds, offering a more efficient alternative to standard energy-
saving settings.

Microservices: This modern technique involves decomposing complex
software into smaller, manageable components known as microservices.
These services operate only when required, rather than maintaining a
large, continuously running system. This leads to more resource-
efficient application performance.
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T Efficiency: Often known as green IT or green computing, this strategy
ocuses on optimizing resources and consolidating workloads to decrease
energy consumption. Utilizing contemporary tools such as virtual
machines (VMs) and containers helps minimize the need for extensive
physical server setups, thereby reducing both energy use and carbon
emissions.

Resource Recycling: In software development, resource recycling can
refer to reusing existing code or employing libraries that have been proven
to be efficient, rather than writing new, unoptimized code. Utilizing well-
supported frameworks and libraries can not only speed up the
development process but also enhance the energy efficiency of
plications.

Energy-Efficient Design Patterns: Certain design patterns can make
applications more efficient and less resource-intensive. For example,
using lazy loading can delay the initialization of objects until they are
needed, which conserves resources and reduces the initial load on
systems.
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Sustainable development in Programming
Part?

*  Resource Optimization

* Hardware Recycling

* Sustainable Programming
* Examples

Resource Optimization

Sustainable programming code uses resources and materials more efficiently. This includes using
hardware and software that is tailored to the needs of the system and reusing code rather than
creating new programs from scratch.

Methods For Resource Optimization
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Code Optimization

« Optimization is a program transformation technique,
which tries to improve the code that consume less
resources (i.e. CPU, Memory) and deliver high speed.

* In optimization, high-level general programming

n constructs are replaced by very efficient low-level
programming codes.

* Usually done at the end of the development stage since
it reduces readability & adds code that is used to
improve the performance.

Code Optimization

Optimized code's features:-
« Executes faster

+ Code size get reduced

« Efficient memory usage

« Yielding better performance

* Reduces the time and space complexity
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Code Optimization
Optimizations are classified into two categories:

- Machine independent optimizations - improve target
code without taking properties of target machine into
consideration.

n * Machine dependent optimization - improve target
code by checking properties of target machine.

T e it
g i
=

Code Optimization

Criteria for Optimization:-

« An optimization must preserve the meaning of a
program:

-Cannot change the output produced for any input.

n -Can not introduce an error.

+ Optimization should, on average, speed up programs.

* Optimization should itself be fast and should not delay
the overall compiling process.
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Code Optimization

Optimization can occur at several levels:

1. Design level:- At the highest level, the design may be
optimized to make best use of the available resources.

— The implementation of this design will benefit from the use of
suitable efficient algorithms and the implementation of these
algorithms will benefit from writing good quality code.

2. Compile level:- Use of an optimizing compiler tends to
ensure that the executable program is optimized at least as
much as the compiler can predict

Code Optimization

Improvements can be made at various phases:-

= Source Code: Algorithm's transformation can produce
spectacular improvements

« Intermediate Code: Compiler can improve loops,
procedure calls and address calculations.

-Typically only optimizing compilers include this phase

= Target Code. Compilers can use registers efficiently
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An effective way to reduce the environmental impact of technology is
through code optimization. By writing optimized code, it is possible to
reduce processing time and decrease energy consumption in information
processing. One technique for optimizing code is to reduce the file size by
removing white space and comments. Additionally, efficient algorithms
and data structures can be used to reduce the number of resources a
program consumes. For example, it is important to avoid using infinite or
redundant loops that consume unnecessary resources. Libraries and
frameworks can also be used to avoid having to reinvent the wheel. In this
way, the creation of duplicate code is avoided, and the consumption of
resources is reduced.

Optimizing resources also involves the use of renewable energy in
development and on servers. In addition to optimizing the code, it’s also
important to consider the environmental impact of the servers used to host
and run the applications. One way to reduce the environmental impact of
servers is to use renewable energy, such as solar panels or wind power. You
can also use a hosting provider that uses energy-efficient servers or offsets
its carbon footprint through environmental initiatives.

213


RAZER
Highlight


Hardware Recycling

Hardware recycling is an important practice in environmentally sustainable
programming. Instead of throwing away old hardware, it can be reused or
recycled. Reusing old hardware can reduce the need to build new hardware
and therefore reduce the carbon footprint of programming.

Additionally, hardware recycling can help reduce the amount of e-waste that
accumulates in landfills. Electronic components such as batteries and
circuitry can be highly toxic if disposed of incorrectly. Therefore, it is

ortant to follow proper hardware recycling procedures.

Sustainable Programming
To achieve sustainable programming, developers can use certain practices
and techniques, such as:

* Modular design: Sustainable programming code is written with a
modular design, which means that it is broken down into small,
manageable pieces that can be separately updated and maintained. This
makes it easier to maintain and update software and reduces the amount
of energy and resources required to do so.

* Social Responsibility: The sustainable programming code considers
social needs and concerns, such as accessibility and privacy. This means
that the software is designed to be accessible to everyone, regardless of
disability, and that as little personal data as possible is collected and
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* Maintainability: Sustainable programming code is designed to be
easy to maintain and update over the long term. This means it is well
documented, written in clean, easy-to-read code, and follows a
consistent coding standard.

» Use of open-source software: The use of open-source software can be
beneficial for environmentally sustainable programming. Open-source
software is developed and maintained by the community and therefore
does not require the same number of resources as proprietary software.
Furthermore, open-source software can be customized and enhanced
to meet the specific needs of the user.

Open-source software can also be easier to maintain and update compared

to proprietary software. This is because open-source software is usually

developed by the community. Bugs or issues can be reported and fixed by
er developers.

» Agile Development: Agile development methodologies focus on rapid
software delivery and collaboration among development team
members. This allows for a quick response to changes and reduces the
amount of code that is written.

* Green Software Design (ESD): This design technique focuses on
creating software that uses fewer resources and energy. This includes
techniques such as virtualization and the use of distributed systems,
which can reduce the amount of hardware and power required to run
the software.

* Life Cycle Assessment (LCA) can also be used to assess the

environmental impact of software at all stages of its life cycle. This

ludes the manufacture, use, and disposal of the software and its
1ated hardware.
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Green Software Principles

B L= o

Enargy Efficiency Hardwars Efficlancy Carbon Awarenass

if electricity pogsibla ambodiod carhan posaibla chivwn and |@ss whian (T8 Bty

ou can integrate the Sustainable Development Goals (SDGs) into
rogramming by designing software solutions that address global challenges such
as climate change, resource efficiency, education, and social equity. Here are some
ways to incorporate SDGs into your programming projects:

1. Sustainable Software Development (General)

*Write energy-efficient code to reduce CPU and memory usage.
*Optimize algorithms to minimize processing power and storage.
*Use cloud computing and green hosting solutions.

2. Object-Oriented Programming (OOP) in Java with SDGs

*Encapsulation & Modularity — Build reusable components for sustainability-

related applications.

*Inheritance & Polymorphism — Design flexible, extendable green technology
ameworks.

ign Patterns — Use patterns like MVC (Model-View-Controller) to separate

in sustainability applications.
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. Project Ideas (Based on SDGs)
~ SDG 13: Climate Action

*Carbon Footprint Tracker — A Java app that calculates and visualizes CO,
emissions.

*Green Energy Optimizer — Software that suggests energy-efficient
alternatives for users.

. SDG 6: Clean Water & Sanitation

*Smart Water Management — A system that monitors and optimizes water
consumption using Java-based IoT.

% SDG 11: Sustainable Cities & Communities
*Smart Traffic System — Use Java to build a system that reduces traffic
congestion and emissions.

L1 SDG 4: Quality Education
*E-Learning Platform — An OOP-based Java learning system for
stainability education.

OOP in Python

How to install Python in Windows?

Bythin Pogamming

Pigthian (0 6 widely ugsd high-level programming lenguags. To weite s sxscuts coda

1y tian, ws first peed to inalall Pythen on aur syshem
Wlaling Fyinon on Windows takes a wenes of New sauy Kleps

Step 1 = Select Version of Python to Install

Fhythan has vanous vergions avalatbls with differsnces belswesn the mmtax and working

of diffarant versions of the lasguage. 'Wa need to chooas the wersion wiveh we want 1o

wss oF fecl. T hers e differant versions of Fythan & &nd Fython 1 avadabile

Step 2 = Download Python Executable Installer

On the web browesi, In the officisl ste of pythan [weew pythen,ong), move Lo the
download for Winwdews sechion
Al the svalisble versions of Python will be listed. Select the verson reguired by vou and

etk on Downlosd. Lt tuppote, we choss the Python 19,1 version
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Looking for & specific release?

Python retsases by version nuEmber:

Releasewerslen
yhen 157
Pythan 151
Pythan 352
Python .84
Fishan 3590
Fython 304
Pythan 4 L2
Dthan 1 L E

Wiew ohdet releases

On clicking

Release date

Doc 210000

SepL 5. 2020

Aug 3T 3630
Auig 17, 2070

b

download, various available

& Duwiizad

Dowrizad

Doeniad

Birvericail

b= b

Duprinad

I -

ik for more

executable installers shall be visible with

different operating system specifications. Choose the installer which suits your system
operating system and download the instal[erl Let suppose, we select the Windows
installer (64 bits).

GipEeE seoms tartal

Wiy e bed dabie packags
CRi
Wiy embeddabls pachags
Ed.ait]

Wi ndicr

The download size is less than 30MB.

Operating D ription

System
SourceTeinass
Sourcemlease

For rbc03 108 and [ates

Slkcom |eiperimental]

Winfoas

Windows

Wirndeaws
Wil

Windowy Fecommended

for mac05 10,9 and laber, inchading mayc0S 11 Big Suir on Apples

MDS Sum

1paeasd2aa et sanae el T
FIOEIa08e7SacAMdad Crida2a b
TalSecibdT A3 e Biba A AL 1SS

BEI9T424 7300924 ebllaalEL b bal3ed

SGealanllestss IeRic3dda1 E58ar3 i

ET0sEc N R0 BRI aTod e e aton)

EsRdtaa a3 e 20 30hcad b6
et 0eade 3102 TIRA 05T 20T 3

bi¥celadibe A1t sdlbrabeands At ey

File Shra

25371994
§aETINS
I TEEAYY

11451735

7571141

Eqnriza

BTAT443
71636

P bl
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G
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Step 3 - Run Executable Installer
We downicaded the Python 38:1 Windows &4 [ instslies.
Fun the mgtalier, Make ture o select both the checkbomes: af the boftom and then chcic

tall Mew
i Fpthemn 14§ (-l S - X
Install Python 3.9.1 (64-bit)
T T M 10 L Pt i dall A B R EEse
Cospmize b b mr Sadine Beadiygime
W et Mo
" el ]
# [ERTHESNY | N e ST
[T S T ———
- =+ CoAmmisE ratatlann

et v 1 e ] Py

m_’“hfl o PRI i T D LY PR

WINdows B ymen 1o w s | e

On clicking the instad Mow, The installabon process starts

gt 0 e g R - Ll
b Setup Progress

@ :::‘ll Cirppipersms| Lorwias fd-T)

| pr._llhsn
| windows | raai

e By L1 k] Aebap - =

This invarall AnGH [eocees will Takn R (s T Compie and an
shiccaubhl, tha Palosaseg sreen i daplaved,

i sebrchs Bow By g 16 s

S =gl Sy P camamn o Baad P e st geieg
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tep 4 — Verify Python is installed on Windows

n of the pytho

Step 5 - Verify Pip was installed

Pig s o PR ||,1-|.,|.J- managemant fyetem or Python softvwars packages, Thus
ekl saie that vou have It installed
To vardy o pip wan netaled, follow the gisen e

o Dpan the command gromist

a  Entsf pip =V ta check i pep wad inatalled

" T fabie WU DL apeears iF B=p 6 ing fallecl succEsshully

‘Wie have successfully installed pvithon pnd pip on our 'Windowes syafem

Python OOPs Concepts

Object Oriented Programming is a fundamental concept in Python, empowering
developers to build modular, maintainable, and scalable applications. By
understanding the core OOP principles (classes, objects, inheritance, encapsulation,
polymorphism, and abstraction), programmers can leverage the full potential of
Python OOP capabilities to design elegant and efficient solutions to complex
problems.

OOPs is a way of organizing code that uses objects and classes to represent real-
world entities and their behavior. In OOPs, object has attributes thing that has
specific data and can perform certain actions using methods.

OOPs Concepts in Python
*Class in Python

*Objects in Python
*Polymorphism in Python Inheritance in Python

*Encapsulation in Python *Data Abstraction in Python
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defines a st of attributes

Python Class
1%L ore bluspnnts for croating obyscts. A clas

A tlast i colisction of obpects
and methads that the created obijects ingtenced] can have

Some points on Python class:

reated by keywort class

& Classes aie
& Aftributes e the varkables that belong to & cless
s Attributes aiv abwbivi public snd can by scortsed using the dot [ dporatos. Example: Myclass Myattribute

&

Creating a Class
Here, the class keyword indicates thal we &re creating a class followsed by name of the class [Dog in this case)

i D D
i g #

SEEL L -
def __fwit_ {aelf, mees, spel
s |7 npe = mams @ p—
wnlf . age age # | hut
Explanation

o gliid Dogr Defined & claid named Dog
& apeles A claes antnibute shared by all Inctances of the class
¢ __imit__ method: Intisliies the name ahd pge stribulss wiesh § new object 5 crealed

Python Objects

A Dbject s an msanee of a Class: | represents a spocfic implementation of The dass and holds & owrn data

An obiect consigts of
s Stxta it iv represnrtad by the atributes and reflecs tha propertics of an ohjerce
= Behavior it & represomied by the methads of an object and refipcts the response of an object 1o other

nbyecTs
= |dentity: It gives & unique pRime ts an shjoct and enables one object tointetacy with other objects

Creating Object
Craating an obsect in Python imoabves nstantiating a class 10 oresle & naw instance of that class Thic protess s
class Dog:
species = "Canine" # Class attribute

alsn referned to 35 obpect Instantation
Output

def _init_ (self, name, age):
self.name = name # Instance attribute

Buddy
Canine
Expl ion:
Xplanation self.age = age # Instance attribute
# Creating an object of the Dog class
dogl = Dog("Buddy", 3)

with name as "Buddy" and age as 3.
edogl.name: Accesses the instance attribute name of the
print(dogl.name)

print(dogl.species)

edogl = Dog("Buddy", 3): Creates an object of the Dog class

dogl object.
edogl.species: Accesses the class attribute species of the

dogl object.
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method overloading

he problem with method overloading in Python is that we may
verload the methods but can only use the latest defined method.

Operator OverlLoading

Same operator shows different behavior indifferent

— context
ﬁ =5 | 2+44 &

coding + geek codinggeek

Codingeek.com

Example 1- Wrong

S PR Um )
a3}z
: ", nannlsnumSaumd )

a w10, 20, 303

THLIT LS THEmAIREs]
code=0 in @_135 ssconds
LT =T B VOeEuReRTE L Es LAl py ™

cent cell lest):
sraylBocumsntey zeidZ . py” . Iine 7, in <modules>

Lon, el () silssleng 1 Fegulred poslticral argoment: ‘noss

n §.3133 mscomndn
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Example 1 correct

" o FFml numa )
add { self  ruml , e, raem
tion i 2 PR S +rsumd )

HECHE TTEMIAL

with code 171 swsconds

prine{a)
objact=oemol )
uml 18}
o ot . aumi 10, T8}
ohETT . mumi 10, 28, 30, 88)

g e s T TEFARLAL

mph S E S Do AT Vhiy B
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A constructor in Python is a special method used to initialize objects of a class. It
is automatically called when an object is created. The constructor's name is
always init . lItsets up the initial state of the object by assigning values to
the object's attributes.

class Dog:
def _init_ (self, name, breed):
self.name = name
self.breed = breedmy_dog = Dog("Buddy", "Golden Retriever")
print(my_dog.name)
# Output: Buddyprint(my_dog.breed)
# Output: Golden Retriever

-lpuphnn___ . v

def __init__ (1elf narmsage}t | del __init__ () | public name _class{s=a«T} public neme_clsssi]

2.
L
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class student:

del details{sel name age}):
sell_name=name

self.age=age

print(i am{) and | am [} years old . format
(self.name. seif.age))

tl=student()
sistudent_info{ mustia . 23)

F 3

Inheritance in python

ance means including the content of a class in another

thon, a class can inherit from another class in order to
n the functions and variables in it.

ss that inherits from another class is called a child class. It
called a Subclass, and it is also called (Derived Class,

ended Class or Child Class).

e class that inherits its contents to another class is called
parent class, and it is called the Superclass and it is also
Base Class or Parent Class).
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class directly inherits everything in the superclass
for the properties that are defined as parameters
the  init_ () function.

want to call the __init_ () function in the Superclass, we
a ready-made function called super().

s

orms of  «~ s
. class B[A]: Isheeitance
eritance ..... =

n Python ——

Multiple

inheritance
class B ¢

Baimis Bljs
clmss ClA, B}t
= Hierarchical
clmen | A): I Inheritance

w3
clwss €| A J3 I class B I I clnss C I == 13
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The general structure of a subclass definition in Python :

Class key word Sub class Super class

Class B(A) :

Example 1

y: 20
x: 10
Hello from class A
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Example 2

rint('Hello from class B')

B import B
C(B):

print_c(self):
int('Hello from class C')

Example 3

a(self):
,Hello from class A’)

t_b(self):
(‘Hello from class B’)

import A
import B
(A, B):

print_c(self):
print('Hello from class C')

from C import C
c=¢C)
c.print_a()
c.print_b()
c.print_c()

Hello from class A
Hello from class B
Hello from class C

from C import C
c=C)
c.print_a()
c.print_b()
c.print_c()

Hello from class A
Hello from class B
Hello from class C
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Example 4

: from B import B
print_a(self): from C import C
print(,Hello from class A’) c=C()

c.print_a()
A import A c.print_c()
b = B()
ef print_b(self): b.print_a()
print(,Hello from class B’) b.print_b()
Output
def print_c(self): Hello from class A
print(,Hello from class C') Hello from class C

Hello from class A
Hello from class B

Multiple inheritance in python

Multiple inheritance is a feature in Python where a class can inherit
attributes and methods from more than one parent class. This allows
for the creation of complex class hierarchies and the reuse of code
across different parts of an application.

When a class inherits from multiple parent classes, Python needs a way to
determine the order in which methods are searched for in the inheritance
hierarchy. This is known as the Method Resolution Order (MRO). Python uses
the C3 linearization algorithm to determine the MRO, which ensures that the
search order is consistent and predictable.
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class Video:
def init (self):
self.video codec = 'H.264'

def play video(self):
return 'Playing video...'
class Audio:

def init (self):
self.audio codec = 'AAC'

def play audio(self):
return 'Playing audio...'

class Multimedia (Video, Audio):
def init (self):
Video. init (self)
Audio. init (self)

def play(self):
return self.play video() + ' ' + self.play audio()

multimedia file = Multimedia ()
int (multimedia file.play())

While multiple inheritance can be a powerful tool, it can also lead to complex
and difficult-to-understand code. One common problem is the "diamond
problem," which occurs when a class inherits from two classes that have a
common ancestor. In this case, it can be unclear which version of a method
should be called.
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lass A:
def method(self) :
print ("Method A")

class B(A):
def method(self) :
print ("Method B")

class C(A):
def method (self) :
print ("Method C")

class D(B, C):
pass

d = D()
d.method ()
print (D.mro ())

Python uses the MRO to determine that B's method should be called first.

Example

A project 1.py - ChUsers\Fatima\App Data\Local Programs\Python\Python31 T\project 1.py
File Edit Format Run Options Window Help

Animal:

print_a(self):

print [* Animal can move |*)
Bird:

print b (self) :

print (" Bird ean fly in sky ")

= Canary{Animal; Bird):
print c(self):
print(" The wanary sings wWith a beautiful voice ™)

cl = Canary()
icl.print_a{)

cl.print_bi()
cl.print ()

is example, class D inherits from both B and C, which both inherit from A. When d.method () is
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Output

@ IDLE Shell 3.11.2

File Edit Shell Debug Options Window Help

Python 3.11.2 (tags/v3.11.2:878eadl, Feb 7T 20.
AMD64)] on win32
Type "help", "copyright", "credits" or "licens:

>>>
= RESTART: C:\Users\Fatima\AppData\Local\Progr
Animal can move

Bird can fly in sky
‘ The canary sings with a beautiful voice
>

Example

| fproject2.py - ChlUsers\FatimatAppDatadLocal\Programsy

File Edit Format Run Options Window Help
lams A

print (" bame o)
supaer () -ml ()
vaE O (A) 2
leae™ m2 {221 £) =
print (" basose two ™)
DB, C) =
e ma {=alf) :
j =] a int (" derived clas=ss= -3

olyj=D ()

obd .m2 ()
obd cm3.{)
ob} .ma ()
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Output

< |DLE Shell 3.11.2
File Edit Shell Debug Options Window Help

Python 3.11.2 (tags/v3.11.2:8738=adl

AMDE4) ] on win3Z2

Type "help", "copyright", "credits™

g

= RESTART: C:\Usersh\Fatima“\AppDatal:

bas=s onse
parent class
base two
derived class

What is Interface in Python?

An abstract class is a class which may contain some abstract
methods as well as non-abstract methods also. Imagine there is an
abstract class

which contains only abstract methods and doesn’t contain any
concrete methods, such classes are called Interfaces.

Therefore, an interface is nothing but an abstract class which can
contains only abstract methods.

Lals Abstract methods A5 52 (43S & Abstract class ) o) <iai LS
Abstract methods s s siss ¢l Abstract class Ly dlia g s giay ¥ Saa

.interface & Al g L
¢sias ¢ Abstract class & ¢ 5iai python 2 480 o Jsii o)) aadiad 1Y
. k& Abstract method

Points to Remember:

In python there is no separate keyword to create an interface. We
can create interfaces by using abstract classes which have only
abstract methods.

Aty oo gl ad Agaly (S (s A dalS gUad Y Ob b

i abstract methods & 5 3 abstract class ) al3aiul
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Java

java language uses
curly braces to define
the beginning and end
of each function and
class definition

In java multiple
inheritances are
partially done through
interface

Its definition is similar
to a class

from abc import ABC, abstractmethod
class Bank(ABC):
(@abstractmethod

self):

(wabstractmethod
def self):
pass

Bank):

Python

Python indentation to
separate code into
separate blocks.

In python supports
both single and

multiple inheritances.

We can create
interfaces by using
abstract classes.
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Program: one interface and two sub classes to that interface (demo12.py)

n abe in port *
AHC
dinbsiractmethod

aelf):

feiabatracimet ol

seli

DBEInterfnoo
vl 1

DB Interfnee
el

#In Python, an abstract class is a class that cannot be instantiated on its

own and is meant to be subclassed by other classes. Abstract classes are
created using the abc (Abstract Base Classes) module.

Example: Abstraction in Python in Action

Let's take a practical example of creating an abstract class Shape to represent
geometric shapes. We'll define two concrete subclasses: Rectangle and Circle. Both
shapes need to compute their area and perimeter, but the implementation of these
methods will differ for each shape

https: //www.youtube.com /watch?v=97V7ICVeT]c
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fly
crawl
bark
roar
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AL, abstractmethod

Sabxtractmethod

pransalf)

-

Area of circle: 78.5
Area of triangle: 12.0
Area of rectangle: 2

Method overriding is an ability of any object-oriented programming language that
allows a subclass or child class to provide a specific implementation of a method that
is already provided by one of its super-classes or parent classes. When a method in a
subclass has the same name, the same parameters or signature, and same return
type(or sub-type) as a method in its super-class, then the method in the subclass is
said to override the method in the super-class.

—
1

pxlends

L]

L —1 |
[ oheried metho
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The version of a method that is executed will be determined by the object that is used
to invoke it. If an object of a parent class is used to invoke the method, then the version
in the parent class will be executed, but if an object of the subclass is used to invoke the
method, then the version in the child class will be executed. In other words, it is the type
of the object being referred to (not the type of the reference variable) that determines
which version of an overridden method will be executed.

https: //www.youtube.com /watch?v=4Y83cUbDKZ8

class Parent(): Output:
Inside Parent
# Constructor Inside Child

def _init_ (self):
self.value = "Inside Parent"
# Parent's show method
def show(self):
print(self.value)
# Defining child class
class Child(Parent):
# Constructor
def _init_ (self):
super()._init_() # Call parent constructor
self.value = "Inside Child"

# Child's show method
def show(self):
print(self.value)
# Driver's code
obj1 = Parent()
obj2 = Child()
obj1l.show() # Should print "Inside Parent”
obj2.show() # Should print "Inside Child"
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