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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
= Baoikég évvoieg

= [apadeiypa KAnpovopikoTnTag (WindowsApp)
= Abstract pebodol kai Abstract kAdoeig

= Shadowed variables-Overriding methods

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

= [oAupop@iopog atnv 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(...) { ...cccoeeirennnns }
/
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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; }
A}

Awadaveia 4
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public class GraphicCircle extends Circle {
Color outling, fill;
public void draw(...) {

}

GraphicCircle gc = new GraphicCircle();
double area = gc.area();

K60e oTrypdTLTTO TNG VTOKAAONG UTOPEL VO

BewpnOel kot otrypdTLIO TG TPOYOVNG KAGOTG

Circle ¢ = gc;
g9¢i Python
class GraphicCircle(Circle):
pass
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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 TN Nnpoyovng 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

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

m TTPETEL

= va tvon  Tp®OTN TPOTOON
TOV constructor

= VO TPONYEITOL KON KO
ol TIS ONAAOGES
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
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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.
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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 OvOmTOEOVE VEEC KAAGELG TNG TEPLOYNG ADONG TOV TPOPANUATOS
(solution space) ot omoiec Ha KANPOVOROVV YOPAKTNPIOTIKG 0t GALEG NON
VILAPYOVGEG KAAGELS.
= H kinpovopkotnto emrpénel
® € VEEC KAAGELG VO KANPOVOUODY TNV dOUN /KoL TNV GUUTEPLPOPH TOV
opileton o€ pio (amhn kKAnpovopkotnra-single inheritance) 1 nepiocotepeg
(mroAhamAn kKAnpovoukdtnto-multiple inheritance) dAleg KAdoeLS.
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Eicaywyn oTnv KAnpovouikoTnTa

= Baoikég €vvoieg

= Mapadsiypa KAnpovopikoTntag (WindowsApp)
= Abstract pg6odoi kai Abstract kAaoeig

= Shadowed variables-Overriding methods

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

= [oAupop@iopog atnv WindowsApp

Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers
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WindowsApp - ldentify Inheritance

w1:Window

ri1:Rectangle

c11:Circle

ri2
. Clz

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

2 public abstract class Shape {

3 string name;
4
5@ public Shape(String s) {[]
Shape i abstract void draw();
9}
draw() 2 public class Circle extends Shape{
area():double 3 double x,y,r;
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
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= abstract method

= Eival pia pébodoc nou dnAwvertal xwpic va dobei n ulonoinon TnG

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 dnpioupyia oTIYHIOTUNWY TNG

= Mnopei va xpnoiygonoinBei wg kKAaon npdyovog opifovTag UNoKAACEIg

™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*3/14*/,/}
float r; //resolution in dots-per-inch. public double area() {
return 3.14%r*r; }
#
this.r; /] avaepeTal aTn PeTaBAnTn resolution
super.r // avagepeTal oTtnv PJeTaBAnTn akTiva

((Circle)this).r  // cast otnv kata\nAn npoyovn kKAaon

© 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
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class Ellipse extends Circle{
double area () {..}
= LuEB0d0C opduEV GE LITOKAAGN LE TO 1010 OVOLLOL, TOPAUETPOVS KoL
emoTpe@OUEVT TIun overrides v avtiotoyn uéBodo 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 5’( )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; ;
inti=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&B0d0G oTIyHIoTUNOU O unokAdon e Tnv idla unoypagn He
MEBOBO OTIYHIOTUNOU TNG unepkAAonc (superclass) overrides
TNV avtioToixn HEBodo TnG unepkAaonc.

= Mia pEBodoc nou enikaAlnTel pEBodo Npoyovneg KAAong Knopei va

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

type.
= Static Methods
= MgBodo kAdong pe Tnv idla unoypagn Ke pEBodo KAAong TNG
npoyovng kKAaong (superclass) Aides Tnv avTtioToixn HeBodo TNG
npoyovng kKAaonc.

© 2023 KAedvBng Opaumouhidng Inheritance Awgdveta 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() {
public class MethodOverrideTest { System.out.println("The instance method in Cat");

}
public static wvoid main(String[] args) { ol
Cat myCat = new Cat();
Cat.testClassMethod();
myCat.testInstanceMethod();

The static method in Cat
Animal myAnimal = myCat; The instance method in Cat
Animal.testClassMethod();

my&nimal.testInstanceMethod(); The =tatic method in Animal

The instance method in Cat

}

} Inheritance

Awadavea 19

= Eicaywyn otnv KAnpovouikoTnTa
= Baoikég €vvoieg
= [apadeiypa KAnpovopikoTnTag (WindowsApp)
= Abstract pebodol kai Abstract kAdoeig
= Shadowed variables-Overriding methods

= MoAAanAn kAnpovopikoTnTa (Multiple inheritance)
= [MoAupoppiopog (Polymorphism)

= [ToAupop@iopog otnv WindowsApp
= Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers
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XYZ KAM
Y M
™ / \ / \
+XZ, =(YM) +KA
=(XYZ) =(KAM)

= [ToAAanAn KAnpovopikdTNTa £XoUpE OTav Hia KAAon KANPOVOWEi XapakTnpIoTIKA
NEPICOOTEPWY ano Mia kAaonc.

= anoteAei Nnyn dnuioupyiac NOAA®V npoBANUATwv

= N XpAon TNG NPENEI va yiveTal Je PeyaAn npoooxn kai JOovo anod NenEIpapEvouc
NPOYPAUMATIOTEC
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GrandParent
/o
= To npoBAnpa dnpioupyeital 6tav undpyowv N
nEBodol Pe Tnv idla unoypa®n kai o dUo . .
anod TNG unEPKAACEIC Wia unokAdong 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®GOT LETAPANTNG TOL CLYKEKPIEVOL TOTOV interface ko
avdBeon og VTN GTIYUIOTVTOV OTTOLGONTOTE OO TIG KAAGELS TOL VAOTOLEL TO
interface
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Inheritance Awada
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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)
= MoAupop@iopog (Polymorphism)

= MoAupop@iopog ornv WindowsApp
= Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers
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Shape [] shapes = new Shape[100];
shapes[0] = new Circle(...);
shapes[1] = new Rectangle(...);

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

shapesli].draw(); / j
draw
0 anogoToAEAgG evog /dr'aw
pnvUpaTog dev xpeldleTal draw

va yvopilel Tnv KAaon
TOU OTIYHIOTUNOU
napannTn y.

/
. draw draw
Bring to"Front
© 2023 KAedvBng Opaumouhidng Inheritance Awgaveia 29
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Early binding vs late binding

Circle [] circles = new Circle[100]; Shape [] shapes = new Shape[100];
circles[0] = new Circle(...); shapes[0] = new Circle(...);
circles[1] = new Circle(...); shapes[1] = new Rectangle(...);
for(int i=0; i<100; i++) for(int i=0; i<100; i++)
circles[i].draw(); shapes[i].draw();

Compile-time binding Run-time binding

(late binding)

(early binding)

© 2023 KAeaveng OpapTouAidng Inheritance Awadavela 30

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

for(Shape currentShape:shapes)
currentShape.draw();
Shape currentShape shapes

Awgaveia 31
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java.util

Interface Iterator<E>
for(int i=0; i<shapes.length && shapes[i]!=null; i++)
shapes[i].draw(); ArraylList<Shape> shapes;

is an object that can be used to loop through collections, like ArrayList.

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

i.next().draw();
java.util

Class ArraylList<E=>

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

Returns true if the iteration has more elements. (In other words, returns true if next () would return an element
E next()

Returns the next element in the iteration.

© 2023 KAeaveng OpapTouAidng Inheritance Awgaveia 32

Etval n nébodog ¢ omoiag n Aettovpyikdtnto Umopet vo

emkailv@Oel (overridden) otic andyovec kKAAGELS and nEBodo e v

{010 VoY paLP).

= Ot Virtual pébodot emtpémovv oe Eva mpoOypappo vo Kadel pedddovg ot
omoieg dev £xovv 0p1oTel KATh TOV YpOHVO LETOYADTTIONG.

= O)éc ov non-static péBodor ivar by default "virtual® (in Java).

= AVo Katnyopieg non-static pefo6dwv dev givar virtual:

= final, which cannot be overridden, and

= private methods, which are not inherited.

= C++: virtual keyword
virtual void display(){

© 2023 KAedvBng Opaumouhidng Inheritance Awgaveia 33
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2 public abstract class Shape {

Operation . e
- : : 15 Chstract void drawpy;
= iS an abstraction of some computation that - '

can be performed, e.g.,
draw() of class Shape T
operate() of class Operator = s crae seris 0 @

public void draw (){

M th d g system.out.println(this.getClass().getName()+" draw() "+this.name);
etho e )

}

= 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 KAeaveng OpapTouAidng Inheritance Awgaveia 34

= Eioaywyn otnv KAnpovouikoTnTa
Baoikeg Evvoleg

KAnpovouikotnTa oatnv RPN Calculator
Abstract peBodor kar Abstract kAaoeig

= Shadowed variables-Overriding methods

= [ToAanAn kAnpovouikdTnTa (Multiple inheritance)
= [MoAupoppiopog (Polymorphism)

= [oAupop@iopoc otnv WindowsApp
= Building the inheritance tree

= Alternatives in writing a sub class
= Access level modifiers
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1. opilovpe Vv véa KAdoN €&
apyNG XWPic Vo
eKHETOAAEVOOVLE TOL O
VILAPYOVTO OEVOPOL
KANPOVOLUKOTNTOG

2. emMéyovpe to TAEOV
KATAAANAO d€VOpO
KANPOVOLUKOTNTOG KOl
petakvovpedo amd KiTm
TPOG TOL TAV® GTNV Epopyio
LEYPL VO EVIOTIGOVLE 1oL
KOTAAANAN TPOYOVO NG
véog KAdong

© 2023 KAedvBng Opapmoulidng

+BC
=(ABC)

+D
=(AD)

Lo

+ E
=(ABCE)

+F
=(ABCF)

Inheritance

MpoaBnkn kAaong K pe
xapaktnpioTika (A K)

+BC +D +K
=(ABC) =(AD) =(AK)
+ E +F

=(ABCE) =(ABCF)

Awadaveia 38

3. avadopovpe TNV
epopyio
KANPOVOUIKOTNTOG
MoTE VO
ONUIOVPYNGOLUE piaL
KatdAANAn Tpdyovo

4.  Emavopilovpue ta
YOPOUKTNPLOTIKE TOV
dgv Béhovpe va
KAnpovounBovv mg
£xouv
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+BC
=(ABC)

+D
=(AD)

Lo

+ E
=(ABCE)

+F
=(ABCF)

Inheritance

MpoaBnkn kAGong

K HE

xapaktnpioTika (A B K)

+B +D
=(AB) =(AD)
+C +K
=(ABC) = (ABK)
+ E +F
=(ABCE) =(ABCF)

Awapaveia 39
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= Mia unokAaon kAnpovouei 0Aa Ta public and protected
HEAN TNG Npoyovng KAAoNG TN,

= Eav O¢ €ival oTo i010 NAKETO PE TNV NPOYOVN KANPOVOUEI
eMNAEoV Kal Ta package-private PE\n TnC Npoyovng
kAdong Tne.

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

public < — <
protected <=~
~-T

private

© 2023 KAeaveng OpapTouAidng Inheritance Awgaveia 40

= 2TNV anodyovo KAAon Ta XapakTnpIoTIKa nou

kAnpovououvTal Jnopouv va:

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

= VA avTikataoTtabouv (instance peBodOC o UNOKAAON e idIo dvopa
ME HEBODO TNG Npoyovng KAAong Tnv unepkaiunTel (overrides)).

= va eniokiaoBoulv (instance data member o unokAdon pe idI0
Ovopa He auTo npoyovng kAaong To eniokialel (shadows))

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

© 2023 KAedvBng Opapmoulidng
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OpatoTNTa LEAWV TIPOYOVNG KAAONC

Package
One
Aloha Subclass
Beta
OpardtnTa Twv peAwv Tng kKAaong Alpha
‘ Modifier "Alpha"BetaHAlphasubHGamma‘
public Y Y Y Yo
protected [y ¥ ¥ N
‘no modifierHY HY HN HN ‘
privare Yy N N N
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