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AVTIKELLEVOOTPEWPNG
TIPOYP A UMUATLOUOG

e ErtavoAnyn

e [Napadeilypota o€ Java ko Javascript



AVTLIKEIHEVD

e EvBuAakwvouv (encapsulate)
o Kataotaon (state)
m 5edOPEVA TIOV TNPOLVTAL O TIESI
o Yuumepupopa (behavior)
= AELTOVPYIEG TTOV TNPOVVTOL O HEBOOOLG
(behavior)

e >TIyulOoTUTILON (instantiation)
o Mfow kKoTaoksvaotTwyv (constructors)

e Avto-avagopa (this, self)

e AvTtoAAayn MNVUUATWYV (Message passing)



Boolkeg evvoleg

e >uvaBpolon (aggregation)
e >VUvOeon (composition)

e KAnpovouikotnta (inheritance)
o Me faon kAaoelg / dlemageg (classes / interfaces)

o Mg Baon mpwTtoTuTial (prototypes)

e AUVOUIKN OTIOGTOAN HNVUUAGTWV (dynamic method
dispatch)

e Apyn &¢apevan (late binding)
e [TOAVHOPPLOPOG



BaolkEG apXEG apaipeong
(abstraction principles)

TO ONELO TIOV TO AVTIKELUEVOOTPEPEG OVTEAO

OUVOEETAL UE TNV EVVOLOAOYIKN pHovTeAoTtolnon (conceptual
modeling) kat Tnv avamnapaoctaon yvwong (knowledge
represenation)



AT AVOYVWOUATWYVY

Antero Taivalsaari, "On the notion of inheritance", ACM
Computing Surveys, Vol. 28, No 3, September 1996.



|. Classification - Instantiation

Classification vs. instantiation

Car
myCar Jim’sCar Bob’sCar

A. Taivalsaari



Classification - Instantiation

® JXEON TOU QVTIKELUEVOU UE TNV KAQGN TOU Kl
QVTIOTPOWOL.

e 'OAO TO AVTIKEIUEVD / OTIYULOTUTIO LOG KAGGCNG
HLOLPACOVTOL KOWVA KOl OUOLOMOP PO XOPOAKTNPLOTIKA.

e H kAdon slval to intensional abstraction OAwv Twv
SUVOTWV TNG AVTIKEIMEVWV.



Moapadetypa (Java)

class Point {
private int x;
private int y;

public
this
this
}
public
public
public
public
public

public

Point(int x, int y) {

X = X;
Y = Y5

int getX() { return x; }

int getY() { return y; }

void setX(int x) { this.x = x; }
void setY(int y) { this.y =vy; }
void addToX(int num) { this.x += num; }

void addToY(int num) { this.y += num; }




Xpnon

Point pl = new Point(@, ©); //otiyuiotumion
pl.addToX(10); //amootoAr] pnvupatoc (emikAnon pebodou)
Point p2 = new Point(10, 0);

assert(pl.getX() == p2.getX());

assert(pl instanceof Point);

assert(p2 instanceof Point);

assert: throw error if the boolean expression evaluates to false
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Moapadeyua (Javascript < ES6)

var Point = function(x, y) { //constuctor

this
this
this
this

this.
this.
this.
this.

X = X;
Y =Y,
.getX =
.getY =
setX =
setY =
addToX
addToY

function() { return this.x;
function() { return this.y;
function(x) { this.x = x; }
function(y) { this.y = y; }
= function(num) { this.x +=
= function(num) { this.y +=

—

num; }
num; }
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KaAvtepo Mapadetypa (Javascript <

ES6)

var Point = function(x, y) { //constuctor
this.x = Xx;
this.y = y;

}

Point.
Point
Point.
Point
Point

Point

prototype.
.prototype.
prototype.
.prototype.
.prototype.

.prototype.

getX =
getY =
setX =
setY =
addToX

addToY

function() { return this.x;

function() { return this.y;

function(x) { this.x

X; }

function(y) { this.y = y; }

= function(num) { this.x +=

= function(num) { this.y +=

num; }

num; }
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Moapadetypa (Javascript >= ES6)

class Point {
constructor(x, y) {
this.x = Xx;

this.y = y;
}

get x() { return this.x; }
get y() { return this.y; }

set x(x) { this.x

X; }

y; }

set y(y) { this.y

addToX(num) { this.x += num; }

addToY(num) { this.y += num; }

13



Xpnon

var pl = new Point(@, 0);
pl.addToX(10);

var p2 = new Point(10, 0);
assert pl.getX() == p2.getX();
assert (pl instanceof Point);
assert (p2 instanceof Point);

14



2. Aggregation - Decomposition

Aggregation vs. decomposition

Car
Chassis Body Engine

A

Wheels  Doors Hood

A. Taivalsaari
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Aggregation - Decomposition

e YuvaBpolon (N ouvBeon) ETLUEPOUC EVVOLWYVY VLA TN
oLOTOON MLOG VEQG EEXWPLOTNG EVVOLALC.

® YYEOELC MEPOVG-OAOU (part-of).

16



Moapadetypa (Java)

Eva avTIKELUEVO TIEPLEXEL (CLVTIOETAL) ATIO AAAO AVTIKELUEV

class Line {
private Point first;
private Point second;

public Line(Point first, Point second) {
this.first = first;
this.second = second;

}

Point getFirstPoint() { return first; }

Point getSecondPoint() { return second; }

17



Moapadetypa (ES6)

Eva avTIKELHEVO TIEPLEXEL (CLVTIOETAL) ATIO GAAO AVTIKELUEVO

class Line {

constructor(first, second) { //Points
this.first = first;
this.second = second;

}

getFirstPoint() { return this.first; }

getSecondPoint() { return this.second; }

¥
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3. Generalization - Specialization

Generalization vs. specialization

Vehicle

Car Bicycle

\

Sedan Minivan  MountainBike

A. Taivalsaari

19



Generalization - Specialization

® >XxE€0N METOEL KAQCEWV.

e H yevIKN KAGGN CUYKEVTPWVEL TX KOWVQ OTOLXEIO OAWV
TWV £€eIOIKEVOEWV TNC.

® H KANPOVOUIKOTNTO ElVAL O KATEEOXNV HNXAVLIOUOG
vAoTttolnong tTng e&sldikevonc.

20



KAnpovouikotnta

e EVQ QVTIKEIPMEVO KANPOVOUEL Ta Ttedia n/Kal TIg pEBodoug
TWV "TIpoyovwv" Tou
® 3TNV MPAEN EXOVE:
o KAnpovoulkotnta yia e&gldikevon (specialization)

o KANPOVOULKOTNTA YLO ETIAVOX PNOLLOTIOINoN (reuse)

21



Moapadetypa (Java)

enum Direction {
FIRST_SECOND,
SECOND_TO_FIRST

}

class Arrow extends Line {
private Direction d;

public Arrow(Point pl, Point p2, Direction d) {
super(pl, p2);
this.d = d;

}

public void toggleDirection() {
if (d == Direction.FIRST _TO SECOND)
d = Direction.SECOND TO FIRST;
else
d = Direction.FIRST _TO SECOND;

22



Xpnon

Point pl = new Point(@, 0);

Point p2 = new Point(10, 10);

Arrow a = new Arrow(pl, p2, Arrow.Direction.FIRST_TO_SECOND);
assert(a instanceof Arrow); //Mpodavwg

assert(a instanceof Line); //Emiong -- moAupopd1opocg
assert(a.getFirstPoint().getX() == 0); //KAnpovopikotnta

23



Moapadetypa (Javascript < ES6)

var Line = function() { //Line constructor

}...

var Direction = {
FIRST TO SECOND: 1,
SECOND _TO_FIRST: 2

}

var Arrow = function(pl, p2, d) {
Line.call(this, pl, p2); //call the Line constructor
this.d = d;

}

Arrow.prototype = new Line(); //"Inherit" from Line
Arrow.prototype.constructor = Arrow; //Just to make sure
Arrow.prototype.toggleDirection = function() {
if (this.d == Direction.FIRST_TO SECOND)
this.d = Direction.SECOND_TO FIRST;
else
this.d

Direction.FIRST _TO_SECOND;

24



KAnpovouikotnta otn Javascript

* Agv UTIAPXOUVV KAQCELG, VTIAPXOUV LOVO OVTIKELUEVD

e Ta omola ouvdeovTal HETOEL TOUG HECW MLOG "aAuaidag
TIpwTOoTUTIWV" (prototypes chain)

e H yAwooa yux va "Bpel” eva XapaKTNPLOTIKO (TL.X. TIEOLO)
EVOG OVTIKELUEVOU:
o "koltadlel" 0TO (L0 TO AVTLKEIMEVO

o av &gV To Ppel, "Koltalel" 0TO AVTIKELUEVO/
TIPWTOTUTIO XU TOV

o guvexiel avadPOUIKA PEXPL ELTE VO TO BpeL eite va
KOTOANEEL OE QVTIKEIMEVO PE null TIPWTOTUTIO

https://developer.mozilla.org/en-US/docs/Web/JavaScript/Inheritance_and_the_prototype_chain 25
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KA&oelg otn Javascript >= ES6

class Line {

}...

var Direction = {
FIRST_TO_SECOND: 1,
SECOND _TO FIRST: 2

}

class Arrow extends Line {

constructor(pl, p2, d) {
super(pl, p2);
this.d = d;

}

toggleDirection() {
if (this.d == Direction.FIRST_TO_SECOND)
this.d = Direction.SECOND_TO_ FIRST;
else
this.d
}

}

Mpoodxn: dev eival "TMPAYUATIKES" KAXDELG, OAAX L0 CUVTOKTIKA EVKOALD YLO TILO €UKOAN X PN OoN TNG aAVot

Direction.FIRST _TO_SECOND;

DOC

TIPWTO TOTIWV
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Xpnon

var pl = new Point(@, 0);

var p2 = new Point(10, 10);

var a = new Arrow(pl, p2, Direction.FIRST _TO SECOND);
assert(a instanceof Arrow);

assert(a instanceof Line);
assert(a.getFirstPoint().getX() == 0);

27



Private state/behavior

® >TO (OTIAO) TIAPASELYUA UOG:
o H kAaaon Point evBuAakwvel SU0 aKEPALOU]

o H kAaaon Line evBuAakwvel SV Point avTIKEIpEVA

o H kAaon Arrow evBuAakwvel duo Point avTikeipeva
Ko o dlevBuvon

e Mnxaviopog ammokpuyng TAnpoopiag (information
hiding)

28



Private state o€ Javascript

var Line = function(x, y) {
var state = {

XX,

yy

}s

this.getX = function() {
return state.x

}

};...

29



4. Grouping - Individualization

Grouping vs. individualization

Cars

WhlteCars BlueCars

AT

myCar Bob’sCar  Jim’sCar

A. Taivalsaari
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Opadotmoinon - AlXwpeLoUoG

e OpadoTIolNCN AVTIKEILEVWVY [E Baon KaTolo extensional
Kol OxL intensional XapaKTnpPLoTIKO.

e [apadelypoata:
o Ayarmnueva tou xpnotn (user favorites)

o Mo mpooc@ata / Tio ONUOPIAN

o AmoTteAeopaTta pag avalntnong

31



[TOAVOPPLOMOG

[apoxn KLaG KOWNG SLETIAPNC YL AVTLKEILEVA OLAPOPETIKWV
TUTTWV

N

Eva QVTIKEIPLEVO PUTTOPEL VO £XEL TIOAAOUG TUTTOVG (TIOAAEG
OUUTIEPLPOPEC)

32



Eidn TtoAvpop@LopOU

Universal polymorphism

e Parametric

e |nclusion
Ad-hoc

e Overloading

e Coercion

33



AlOTO AVOYVWOUATWV

Luca Cardelli, Peter Wegner, "On Understanding Types, Data
Abstraction, and Polymorphism", ACM Computing Surveys, Vol
17 n. 4, pp 471-522, December 1985.
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Ad-hoc TtoAvpop@LONOG
(Overloading)

Operator overloading

int x = 3 + 5;
String s = name + " " + surname;

Method overloading

class Foo {

void doSomething(A a) { ... }

void doSomething(A a, B b) { ... }
}
class Bar extends Foo {

void doSomething(C ¢, D d) { ... }
}

35



Ad-hoc TtoAvpoplopdg (Coercion)

Type coercion

double x = 1;
//The int constant is converted to double automatically

double avg, sum;
int count;

avg = sum / count;
//The int count 1is coverted to double automatically
//before applying the division

36



[ToUPAUETPLKOG TTOAV O PPLOOG

Generics

class Cache<K, V> {

¥

private final Map<K, V> cache = new HashMap<>();

public synchronized void put(K key, V value) {
cache.put(key, value);

}

public synchronized V get(K key) {
return cache.get(key);
}

37



Cache<String, Line> linelLabels = new Cache<>();
cache.put("First line", someline);
cache.put("Second line", someOtherLine);

38



[TOAVOPPLOOCG UTIO-TUTIWV
(inclusion polymorphism)

interface Shape {
double getArea();

}

class Rectangle implements Shape {
private double width;
private double height;
public double getArea() {
return width * height;
}

}

class Circle implements Shape {
private double radius;
public double getArea() {
return Math.PI * radius * radius;

}
}

39



class AreaPrinter {
public static void print(Shape s) {
System.out.println(s.getArea());

}
}

AreaPrinter.print(new Rectangle(2.0, 3.0)); // 6.0
AreaPrinter.print(new Circle(1.0)); // 3.14

40



AVVOULKA OTTOCTOAN HNVUUATWV KOL
apyn déopevaon

interface Task {
String getName();
void run();

¥

abstract class TaskBase implements Task {
public void run() {
System.out.println("Running " + getName());

}
¥

41



class Taskl extends TaskBase {
public String getName() {
return "Taskl";

}
}

class SimpleTask2 extends TaskBase {
public void run() {
System.out.println("Executing
}

public String getName() {
return "Task2"
}

¥

+ getName());

42



List<Task> tasks = [
new SimpleTaskl(),
new SimpleTask2()

1

for (Task t: tasks) {
t.run();

}

//Output
//?

43



Running Taskl
Executing Task2

4L



