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Java < _
>
High-level programming —
Iar:“lu.acr h .
Kl.’)Ol.a I'Invﬁ Ea e Java
AMNO TIZ YMNOAOrIZTIKEEZ
B e ol 7 Java is a high-level, class-based, object-oriented
e TR Inheritance: NG programming language that is designed to have as
KedpaAato: 7 : s few i i i i
the act of |nher|t|ng property e_ _|mp|.ementat|0n dependencies as possible.
7.1-7.3, 7.5,F%, Wikipedia
. 5 ;&w
= "@l, Designed by: James Gosling

i First appeared: May 23, 1995; 27 years ago

Paradigm: Multi-paradigm: generic, object-oriented
Kleanthis Thramboulidis (class-based). functional, imperative, reflective,

Prof. of Software and System Engineering concurrent

University of Patras
https://sites.google.com/site/thramboulidiskleanthis,

Eicaywyn oTnv KAnpovouikoTnTa
= BAOIKEG EVVOIEG

= [apadeiypa KAnpovopikoTnTag (WindowsApp)
= Abstract pébodor kar Abstract k\aoeig

= Shadowed variables-Overriding methods

MoAAanAn kAnpovouikdéTnTa (Multiple inheritance)
MoAupop@iopdc (Polymorphism)

= [oAupop@iopog otnv WindowsApp

Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers
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E?u‘éVT] , Fast Food Restaurant
Instanége of ”I\flucog / Gen/spec
N Goody’s
Ynrdarinioc LT
_-*Instange of
Olga Square Goody’s \
Psila Alonia Good‘y’s
AvBpomog
HAeKTPIKI ZUOKEUN
EKTPIKI) 2UOKEUN Unified Modeling
/ \ \ Language (UML)
®oUpvoc MIKPOKUPATWV Wuyeio TooTiEpa
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public class GraphicCircle {

Color outline, fill;

public void draw(...) { ...cccoevuirenniin }
/

© 2023 KAedvBng Opapmoulidng Inheritance

public class Circle {
public double x,y;
public double r;

public double circumference(){

return 2*3,14%r; }
public double area() {

return 3.14%r*r; }
}

Awdavela 4
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OpLOMOC WC ATIOYOVNCG KAQOGNG

public class GraphicCircle extends Circle {
Color outling, fill;
public void draw(...) { .cccovvrennireens }

}

GraphicCircle gc = new GraphicCircle();

double area = gc.area();

K6Oe oTrydTLITO TNG VITOKAAONG UTOPET Va

BewpnOel kot otrypidTLTO TG TPOYOVNG KAGOTG

Circle ¢ = gc;
9¢ Python
class GraphicCircle(Circle):
pass
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Subclass constructor - Super
public GraphicCircle(double x, double y, double r, Color Super

outline, Color fill) {

this.x = x; this.y = y; this.r = r;
this.outilne = outline; this.fill =
fill;

¥

= KANon Tou constructor Tng npoyovng KAAong

public GraphicCircle(double x, double y, double r, Color outline,
Color fill) {

super(x,y,r);
this.outilne = outline,; this.fill = fill;

4
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= 0ecUELUEV AEEN

= péca o€ €va constructor
YPNOYOTOIEITOL LOVO Y10
Vo KOAEGEL TOV
constructor Tov TPOyOVOL

m TIPETEL

= va tvon  Tp®OTN TPOTOON
TOV constructor

= VO TPONYEITOL KON KoL
aml TIC ONAOGES
petapinTov
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= subclass
= A class that is derived from another class
inheritance tree (derived class, extended class, or child
class).
= superclass
= The class from which the subclass is derived
superclass } Fruit (base class or parent class).

= A subclass inherits

Base class * I} =« all the members (fields, methods, and nested

classes) from its superclass.

= Constructors are not members, so they are
| not inherited by subclasses, but the

UML Class Diagram Showing Inheritance

Apple Orange Mango constructor of the superclass can be invoked

from the subclass.

® Inheritance
= is a way to reuse code of existing objects, or to establish

a subtype from an existing object, or both, dependin;
subclass I s Janotean pending
pon programming language support
© 2023 KAeaveng OpaptouAidng Inheritance Awgaveta 7

public class Object | I

Class object is the root of the class hierarchy. Every class has cbject as a superclass. All objects,
including arrays, implement the methods of this class.

= In the Java platform, many classes derive directly from Object, other classes derive from some of
those classes, and so on, forming a hierarchy of classes.

= The Object class (java.lang package) defines and implements behavior common to all Java classes—
including the ones that you write.

© 2023 KAedvBng Opaumouhidng Inheritance Awgaveia 8
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= €ival o unYaviopocg Tou nepIBAAAOVTOC UAOMOINONG NOU HAG
ENITPENEI
= VO VAOTOMGOLLE TNV oYE0N YEVIKELONC/EEEOTKEVLONC HETAED TV EVVOLDV
™G mEPLOYNG TOL TPOPANLatog (problem space),
= VO ovamTOEOVE VEES KAAOELS TNG TEPLOYNG ADGONG TOV TPOPANUATOS
(solution space) ot omoiec O KANPOVOROVV YOPAKTNPIOTIKG atd GALEG NON
VILAPYOVGEG KAAGELS.
= H kinpovopkotnto emrpénel
= 0€ VEEC KAMAGELG VO KANPOVOUODY TNV dOUTN /KoL TNV GUUTEPLPOPH TOV
opileton o€ pio (amhn kKAnpovopkotnra-single inheritance) 1 nepiocotepeg
(mroAhamAn kKAnpovoukdtnto-multiple inheritance) dAleg KAdoeLS.

© 2023 KAedvBng Opapmoulidng Inheritance
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Eicaywyn oTnv KAnpovouikoTnTa

= BaoikEg Evvoieg

= Mapadsiypa KAnpovopikoTnrag (WindowsApp)
= Abstract p£6odoi kai Abstract kAaoeig

= Shadowed variables-Overriding methods

MoAAanAn kAnpovouikdéTnTa (Multiple inheritance)
MoAupop@iopdc (Polymorphism)

= [oAupop@iopog otnv WindowsApp

Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers

© 2023 KAedvBng OpapmouAidng Inheritance
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WindowsApp - ldentify Inheritance

w1:Window

c11:Circle

ri1:Rectangle

ri2
. C12

tri1;Triangle

A

for(int i=@;i<circles.length && circles[i]!=null; i++)

MpoBAnuaTa;

© 2023 KAedvBng Opapmoulidng

Circle [] circles = new Circle[100];
circles[0] = new Circle(...);
circles[1] = new Circle(...);

Rectangle [] rectangles = new Rectangle[100];
rectangles[0] = new Rectangle(...);
rectangles[1] = new Rectangle(...);

circles[i].draw();

Inheritance

Awdavewa 11

WindowsApp - Inheritance Tree

circumference():doub “ . . .
5@ public Circle (String st) {[]
82 public void draw (){
9 System.out.println(this.getClass().getName()+" draw() "+this.name);
18 i
11 }
Circle Rectangle Triangle
p1 : Point p1: Point p1: Point
r - double P2 : Point p2 : Point Window.draw() wl
p3 : Point .
Circle draw() cll
Rectangle draw() rll
Circle draw() cl2
© 2023 KAedvBng Opapmoulidng Inheritance Awgdveta 12

Shape

draw()
area():double

3

2 public abstract class Shape {

3
4
B

N
2}

double x,y,r;

string name;

public Shape(String s) {[]
abstract void draw();

2 public class Circle extends Shape{
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= abstract method

=« Eival pia pedodoc nou dnAwveral Xwpic va doBei n uhonoinon e

abstract void draw(),
= abstract class
= Eival n kAaon nou dnAwvetal wg abstract
= Mnopei aA\a dev €ival anapaitnTo va £xel abstract pebodoug
= Aev emiITpEneTal n dnuioupyia oTIYHIOTUNWY TNG

= Mnopei va xpnoiygonoinBei wg kKAaon npdyovog opifovTag UNokAACEeIg

™G
public abstract class Shape {
abstract void draw(); }

© 2023 KAedvBng Opapmoulidng Inheritance
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public class Circle {

public double x,y;
. - . public double I;
public class Grap_hlcC|rch extends Circle { public double circumference(){
Color outline, fill; return 2*3/]4*/‘/}
float r; //resolution in dots-per-inch. public double area() {
return 3.14%r*r; }
}
this.r; // avagepeTal otn getaBAnTn resolution
super.r // avagepeTal otnv JeTaBAnTn akTiva

((Circle)this).r  // cast otnv kataMnAn npoyovn KAaon

© 2023 KAedvBng OpapmouAidng Inheritance
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,(’f _A z: - ""—»"‘j‘-‘_\
) , 13 :‘I /"JF C \:‘
o’ '%- ir
this.x /
- oo--p- SUPBI.X
N L {(B)this) x
~ {(A)his).x
_Supersuperx
© 2023 KAedvBng Opapmoulidng Inheritance Awdavela 15
class Ellipse extends Circle{
double area () {..}
= LuEB0d0C opduEV GE LITOKAAGN LE TO 1010 OVOLLOL, TOPAUETPOVS KoL
emoTpe@OUEVT TIun overrides v avtictoyn wéBodo g Tpdyovng
KAQoNg
Inheritance Awgaveia 16
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Consider also a static field

classA{ public class InheritanceTest {
inti=1; public static void main(String args[]) { Cort15ider f() of fB( )as
retrurn super.f();
int f){return i;} B b =new B(); P
} System.out.println(b.i); 2 2
System.out.println(b.f()); 4 1
class B extends A { _
. . Shadowed variable
// shadows variable i Aa=(A)b; ;
nti=2; System.out.printin(a.i); 1 1
//overrides method f System.out.printin(a.f()); 4 1
int f() {return 2%} }
} } Overridden method

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 17

= Instance Methods

= M&£Bodoc oTiypioTUNoOU 0 UNOKAAoN PE TNV idla unoypagn Ye
MEBOBO OTIYHIOTUNOU TNG unepkAaonc (superclass) overrides
TNV avtioToiXn HEBodo TnG unepkAaonc.

= Mia p€Bodoc nou enikaAunTel pEBodo Npoyovneg KAAong Wnopei va

EMIOTPEPEI TUMO MOU €ival subtype Tou TUNOU NMou €NIOTPEPEI N
gnikaAunTopevn pEBodoc. AuToc o subtype ovoualeral covariant return

type.
= Static Methods
= M&Bodo kAaong pe Tnv idla unoypaen Pe PEBOdO KAGoNG TNG
npoyovng kAaong (superclass) hides tnv avTioToixn PEBodo TNG
npoyovng kKAaonc.

© 2023 KAedvBng Opaumouhidng Inheritance Awdaveta 18
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class Animal {
public static void testClassMethod() {
System.out.println("The static method in Animal™);

public woid testInstanceMethod() {

}
}

system.out.println("The instance method in Animal™);

class Cat extends Animal {
public static void testClassMethod() {
System.out.println("The static method in Cat™);

public void testInstanceMethod() {
System.out.println("The instance method in Cat™);

public class MethodOverrideTest {

}
i

public static wvoid main(String[] args) {

Cat myCat = new Cat();
Cat.testClassMethod();
myCat.testInstanceMethod();

Animal mya&nimal = myCat;
Animal.testClassMethod();
my&nimal.testInstanceMethod();

}

Inheritance

The
The

The
The

static method in Cat
instance method in Cat

static method in Animal
instance method in Cat

Awadavea 19

Eioaywyn otnv KAnpovouikoTnTa
= BaoikEg Evvoieg

= [apadeiypa KAnpovopikoTnTag (WindowsApp)

= Abstract pébodor kar Abstract k\aoeig
= Shadowed variables-Overriding methods

MoAAanAn kAnpovopikotTnTa (Multiple inheritance)

= Interface — Collection interface
MoAupop@iopdc (Polymorphism)
= [ToAupop@iopoc otnv WindowsApp
Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers

© 2023 KAedvBng OpapmouAidng Inheritance
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XYZ KAM
Y M
™ / \ / \
+XZ, =(YM) +KA
=(XYZ) =(KAM)

= [ToAAanArn KAnpovopIkoTNTa £XOUME OTav Hia KAAoN KANPOVOWEl XapakTnpIoTIKA
NEPICOOTEPWV aANO Wia kKAAonc.

= anoTeA&i nnyn onuioupyiac NOAAwV npoBANUATwWY

= N XpoN TNG NPENEl va YiveTal e JEYAAn npoooxr Kal JOVO anod NeENEIPaPEVouc
NPOYPAUMATIOTEG

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 22

GrandParent
/o
= To npoBAnpa dnpioupyeital 6tav undpyowv N
nEBodol Pe Tnv idla unoypa®n kai o dUo . .
anod TNG unEPKAACEIC Yia unokAdonc Kal v
OTNV UNOKAAoN. Test

= On calling the method, the compiler cannot determine which
class method to be called and even on calling which class

method gets the priority.

= Why Java doesn't support Multiple Inheritance?

= See https://www.geeksforgeeks.org/java-and-multiple-inheritance/

© 2023 KAedvBng Opaumouhidng Inheritance Awgaveia 23
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The Diamond Problem

// A Grand parent class in diamond
class GrandParent

void fun()

System.out.println("Grandparent");
¥
¥

// First Parent class
class Parentl extends GrandParent

void fun()

System.out.println("Parentl");

¥
¥

// Second Parent Class
class Parent2 extends GrandParent

void fun()

System.out.println("Parent2");
¥

© 2023 KAedvBng Opapmoulidng

GrandParent

/ \

/ \
Parentl Parent2

\ /

Y !
Test

// Error : Test is inheriting from multiple
// classes
class Test extends Parentl, Parent2

{
public static void main(String args[])
{
Test t = new Test();
t.fun();
I
L

Source: https://www.geeksforgeeks.org/java-and-multiple-inheritance/

Inheritance Awdaveia 24

MoAAartAn KAnpovouikotnta otnv Java - Interfaces

Inherits
S object

[inerace

[ - /
-
- -

[
=T -

-
-
-

! I
: f.,_ .=
¢

-

i
Tl Implements

etvar duvatn 1 OMA®OT HETAPANTNG TOL CLYKEKPIEVOL TOTOV interface kot 1
avdBeon og VTN GTIYUIOTVTOV OTTOLGONTOTE OO TIG KAAGELS TOL VAOTOLEL TO
interface
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[ |
Vi N

public interface Collection<E> /&I M
extends Iterable<E> s | [ PN

\‘

a £ Y !
TreeSet I:I.Illlwdl'h;hsml HashSat || Arraylist I

LinkedList I| Vector |

= The root interface in the collection hierarchy.
= A collection represents a group of objects, known as its elements.

= Some collections allow duplicate elements and others do not. Some are
ordered and others unordered.

= The JDK does not provide any directimplementations of this interface: it
provides implementations of more specific sub interfaces like Set and List.

= This interface is typically used to pass collections around and manipulate
them where maximum generality is desired.
Iterator<k> iterator() —(————

Returns an iterator over the elements in this collection.

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 26

java.util

Interface Iterator<E>
is an object that can be used to loop through collections, like ArrayList.

ﬁ.r‘r‘a;rList{Shapeb shapes;
for(int i=0; i<shapes.length && shapes[i]!=null; i++)
shapes[i].draw();

java.util

Class ArraylList<E=>

Iterator<k> iterator()
Returns an iterator over the elements in this list in proper sequence.

for{Iterator<Shape> i= shapes.iterator(); i.hasNext();)
i.next().draw();

© 2023 KAedvBng Opaumouhidng Inheritance Awdaveta 27
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java.util

Interface lterator<g>
Interface lterator<E=>
All Methods

Modifier and Type Method and Description

default wvoid forEachRemaining(Consumer<? super E> action)

Performs the given action for each remaining element until all elements have been
processed or the action throws an exception.

boolean hasNext() —(——
Returns true if the iteration has more elements.

E next() ——
Returns the next element in the iteration.

default woid remove ()

Removes from the underlying collection the last element returned by this iterator
(optional operation).

Iterator<k> iterator()
Returns an iterator over the elements in this collection.

© 2023 KAeaveng OpaptouAidng Inheritance Aadavela 28

For-Each Loop (Enhanced for statement)

designed for
= iteration through Collections and arrays.

= can be used to make your loops more compact
and easy to read.

-

ArraylList<Shape> shapes = HE;.AFFEyLiSt{ShEpE}[}j

W T

for({Shape CUFFEEt%hEpE:ShEpES}
currentShape.draw();

Shape currentShape

© 2023 KAedvBng Opaumouhidng Inheritance Awgaveia 29
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= Eioaywyn otnv KAnpovouikoTnTa
= Baoikeg evvoieg
= KAnpovopikétTnTa otnv RPN Calculator
= Abstract pEBodor kar Abstract k\aoeig
= Shadowed variables-Overriding methods

= [MoA\anAn kAnpovouikdTnTa (Multiple inheritance)
= MoAupopPiopog (Polymorphism)

= MoAupop@iopog ornv WindowsApp
= Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 30

Shape [] shapes = new Shape[100];
shapes[0] = new Circle(...);
shapes[1] = new Rectangle(...);

for(int i=0; i<100; i++)

shapes[i].draw(); /
draw
0 anooToA£ag VoG /d;aw
pnvupaTog dev xpelaleral draw

va yvopicel TNV KAaon
TOU OTIYHIOTUNOU
napannTn y.

/
. draw draw
Bring to"Front
© 2023 KAedvBng Opaumouhidng Inheritance Awdaveta 31
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HandleShapes

public abstract class Shape

public abstract void draw();

{
}
%] HandleShapes
i
|
I ==abstract=>
[ —= Shape
/,f
Rectangle :
- Circle
—————————— —=

© 2023 KAedvBng Opapmoulidng

bublic class Circle extends Shape

{
public void draw ()
{
System.out.println("cirlce draw")
}
}

public class HandleShapes

{

public static void main(String[] args)

{

List<Shape> shapes = new LinkedList<Shape>();

Triangle

Inher }

shapes.
shapes.
shapes.
shapes.
shapes.

for (S

add (new Rectangle());
add (new Circle());
add (new Triangle());
add (new Circle());
add (new Rectangle());

hape currentShape: shapes)

currentShape.draw() ;

}

Early binding vs late binding

Circle [] circles = new Circle[100];
circles[0] = new Circle(...);
circles[1] = new Circle(...);

for(int i=0; i<100; i++)
circles[i].draw();

Compile-time binding

(early binding)

© 2023 KAedvBng Opapmoulidng

Shape [] shapes = new Shape[100];
shapes[0] = new Circle(...);
shapes[1] = new Rectangle(...);

for(i

nt i=0; i<100; i++)
shapes[i].draw();

Run-time binding

(late binding)

Inheritance

Awdavela 33
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Etval n nébodog ¢ omoiag n Acttovpyikdtnro umopet vo
emkalv@Oel (overridden) otic andyovec kKAAGES and nEBodo pe v
{010 vVIToypaP).

= Ot Virtual péfodot emrpémovv o Eva mpdypoppo va Korel pedddovg ot
omoieg dev £x0VV 0P1oTEL KATA TOV YPOVO HUETAYADTTIONG.

= OLAég o1 non-static péBodor givar by default "virtual® (in Java).

= AVO Katnyopieg non-static pefd6dwv dev elvar virtual:
= final, which cannot be overridden, and

= private methods, which are not inherited.

C++: virtual keyword

virtual void display(){

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 34

2 public abstract class Shape {
String name;

Operation : | |
: : : R e LR
= iS an abstraction of some computation that - ; '
can be performed, e.qg.,
draW() Of CIaSS Shape 4 publ;;uﬂ:si ;i:fle extends Shape{
operate() of class Operator = s arae i 0
Method _: } , System.out.println(this.getClass().getName()+" draw() "+this.name);

= is one of one-or-more implementations of
the operation in a particular class, e.g.,

draw() of class Circle
operate() of class Adder

© 2023 KAedvBng Opaumouhidng Inheritance Awdaveta 35
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= Baoikeg evvoieg

= KAnpovopikétTnTa otnv RPN Calculator
= Abstract pEBodor kar Abstract k\aoeig
= Shadowed variables-Overriding methods

MoAAanAn kAnpovouikoTnTa (Multiple inheritance)
MoAupop@iopoc (Polymorphism)

Eicaywyn otnv KAnpovouikoTnTa

= [MoAupop@iopoc otnv WindowsApp

Building the inheritance tree

= Alternatives in writing a sub class

= Access level modifiers

© 2023 KAedvBng Opapmoulidng

Inheritance
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1. opilovue v véa KAdon €&
apNg PG va
expeTaAAevOOVLE TO NNON
VILAPYOVTO OEVOPOL
KANPOVOLIKOTNTOG

2. €mMAEYOLUE TO TAEOV
KOTAAANAO 0EVOPO
KANPOVOLKOTNTOG KOl
petokvooueda omd kdTm
TPOG TOL TAV® GTNV Epapyio
LEYPL VO EVIOTIGOVLE 1oL
KATOAANAN TPHYOVO TNG
véag KAdong

© 2023 KAedvBng OpapmouAidng

+BC
=(ABC)

+D
=(AD)

Lo

+ E
=(ABCE)

+F
=(ABCF)

Inheritance

MpoaBnkn KAaong pe
xapaktnpioTika (A K)

+BC
=(ABC)

+D
=(AD)

+K
=(AK)

Bl

=(ABCE)

=(ABCF)

Awadaveia 39
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3. avadopovpe TNV
wepapyio n . .

. poaBnkn KAAong pe
gi;‘:g‘\’;;’”“‘om'mg — N xapaktnpioTika (A B K)
dnuovpyrcovpe pia ~(ABO) “AD)

KaTdAnAn Tpdyovo ‘\ ‘\
4.  Emavopilovpue ta — =
YOPOKTNPIOTIKA TOV ~(ABCE) ~(ABCF) B D
dgv Béhovpe va =(AB) =(AD)
KAnpovounfovv wg
£xouv
+C +K
=(ABC) = (ABK)
+ E +F
=(ABCE) =(ABCF)
© 2023 KAedvBng OpautouAidng Inheritance Awgdveta 40
Package Package
One
Aloha Subclass
Beta

OpatodTnTa TV us)\d)v_f NG kAaong Alpha

‘ Modifier ‘Alpha ‘Beta ‘Alphasub ‘Gamma
public Iy |y |y Y
‘protected ‘Y ‘Y ‘Y ‘N
‘no modifier ‘Y ‘Y ‘N ‘N
prvere ¥ N N

© 2023 KAedvBng Opapmoulidng Inheritance
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= Mia unokAaon kAnpovouei 0Aa Ta public and protected
HEAN TnG Npoyovng KAAoNG TN,

= Eav O¢ €ival oTo id10 NAKETO PYE TNV NPOYOVN KANPOVOUEI
eMNAEov Kal Ta package-private Pe\n TnC Npoyovng
kAGong Tn..

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

public < — <
protected <=~
~-T

private

© 2023 KAeaveng OpaptouAidng Inheritance Awgaveia 42

= 2TNV andyovo KAAon Ta XapakTnpIoTIKA nou

kAnpovopouvTal Jnopouv va:

= XpnoigonoinBoulv wg £xouv (KMEBodOI NPOyovNG KAAoNG KMNopouv va
Xpnoiponoinfouv wg¢ £xouv),

= VA avTikataoTabouv (instance pEBodOG o€ UNOKAAGON KE idlo Ovoud
ME HEBODO TNG Npoyovng KAAong Tnv unepkaiunTel (overrides)).

= va eniokiaoBouUv (instance data member o€ unokAaon e id10
Ovopa pe auTo npoyovng kAaong To eniokialel (shadows))

= VA OUUNANPWOOUV pE vea PeAN (veeg peBOdouG, vea data members)

© 2023 KAedvBng Opapmoulidng
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