EOviIKO kal Katmodlotplako MNavetiotruio Anvwv
Tunua NAnpodoptknc & ThAETILKOLVWVLWVY

Mponyueveg MeBodot
[Mpoypappatiopou
[MMX (M135.CS1E, M135.CS23B, M135.IC1E, taAato: M117)

AVTIKELMEVOOTPEDTIC TIPOYPAUMUATIONOC

Ap. Kwotacg 2aiong (saiko@di.uoa.gr)


mailto:saiko@di.uoa.gr

AVTIKELLEVOOTPEPNC
TIPOYPAUUATIOOG

e Baolkec evvoleg Kal pnxaviouol

e [Napadeiypata o Java, Javascript (kat Atyo Typescript)



AvTiIKEipEVA

e EVvOuAakwvouv (encapsulate)
o Katdotaon (state)
= oedopeva IOV TnpoLvtal og Tedia
o 2uutteplpopa (behavior)
= AELTOUPVYIEC TTOV TNPoVvTal o€ HEBOSOUC
(methods)

e 2 TLYMLOTUTILON AVTLKELLEVWV (instantiation)
o Meow kKataokevaotwv (constructors)

o AuTto-avadopa (this, self)

o AvTaAAayn unvuudtwv (message passing)



Baolkeg €vvolec

2 uvaBpolon (aggregation)

e 20UvBeon (composition)

KAnpovouikotnta (inheritance)
o Me Bdon kKAAoelc (classes)

o Me don mpwtodTuTia (prototypes)

AUVOULKY] ATTOOTOAT) UNVUATWV (dynamic method
dispatch)

o Apyn 6€opevon (late binding)

[ToAVLOPPLOUOC



Baolkeg apxeg adpaipeong
(abstraction principles)

TO OT)UELO TTOV TO AVTIKEIUEVOOTPEDEC LOVTEAO

ouVOEETAL ME TNV EVVOLOAOVLKY] povTteAoTtoinon (conceptual
modeling) Kat tTnv avamapdotaon yvwong (knowledge
represenation)



AloTta avayvwouatwv

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



l. Classification - Instantiation

Classification vs. instantiation

Car
myCar Jim’sCar Bob’sCar

A. Taivalsaari



Classification - Instantiation

e 2 XEOTM TOU AVTLKEIMEVOU HE TNV KAAOT TOL KAl
avtiotpoda.

e OA\a Ta avtikeipeva [ oTyOTLTIA HLAC KAAONG
notpddovtal Kowva Kal oolopnopda XapakKTnPELoTLKA.

e H KAdAon eival to intensional abstraction 6Awv Twv
SuVATWYV TNC AVTLKELUEVWV.



MNapadeyua (Java)

class Point {
private int Xx;
private int vy;

public
this.
this.
I3
public
public
public
public
public

public

Point(int x, int y) {
X = X;
Y =Y,

int getX() { return x; }
int getY() { return y; }
void setX(int x) { this.x =

void setY(int y) { this.y =

void addToX(int num) { this.

void addToY(int num) { this.

y +=

num,

num,

}
}



Xpnon

Point pl = new Point(@, 0); //otiyuiotimion
pl.addToX(10); //amootoAf pnvopatoc (emikAnon peb6dov)
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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MNapdadsyua (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

Tuyivetal edw;

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

11



Xpnon (oAowdLa pe Java)

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

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

12



Javascript constructors, objects and
prototypes

o All objects are created through a constructor function
o All objects have a prototype

e (almost) Everything is an object (builtins, functions,
prototypes)

13



KaAvutepo NMapadsiypa (Javascript <
ESG)

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

X}

Y

I3

Point.prototype.getX = function() { return this.x; }
Point.prototype.getY = function() { return this.y; }
Point.prototype.setX = function(x) { this.x = x; }
Point.prototype.setY = function(y) { this.y = vy; }

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

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



Mapdodewypa (Javascript >= ESG)

class Point {

X,

Y

constructor(x, y) {
this.x = x;
this.y = vy;

}

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

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

15



2. Aggregation - Decomposition

Aggregation vs. decomposition

Car
Chassis Body Engine

A

Wheels  Doors Hood

A. Taivalsaari
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Aggregation - Decomposition

e 2UVABpPoOLON (1) oLVOBEDT) ETIIMEPOUC EVVOLWV VLA TN
oLOTAOM HLAC vEAC EEXWPLOTNC Evvolac.

e 2 XEOELC LEPOULC-OAOU (part-of).

17



Mapddeypa (Java)

Eva avtikeipevo mteptexel (amaptidetal) amd aAAo
AVTIKELLEVA

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; }

18



MNapadeiypa (ES6)

‘Eva avtikeipevo mteplexel (ouvtiBetatl) amd AANO avTlKeipeva

class Line {

first;
second;

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

}

19



3. Generalization - Specialization

Generalization vs. specialization

Vehmle

Car Bicyclc

\

Sedan Minivan  MountainBike

A. Taivalsaari

20



Generalization - Specialization

e ) XEOMN METAEL KAACEWV.

e H yevikr) KAAOTN CUYKEVTPWVEL TA KOLVA oToLXEla OAWV
Twv e&eldlkevoewy TnC.

e H KAnpovoulkoTnTa £ival o KateEoxnv UNXaviouog
VAOTTOINONC TNC €€eLdikevonc.

21



KAnpovopikotTnta

e 'Eva avTtikeipuevo kAnpovopel ta tedia ry/kat tig pebodoucg
TwV "TIpoyovwv" Tou
e 2TNV TIPAEN EXOULE:
o KAnpovoulkotnta yia e€sdikevon (specialization)

o KAnpovoulkotnta yia erravayxpnotporoinon (reuse)

22



Mapddeypa (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;

Iy

public Direction getDirection() { return d; }

public void toggleDirection() {
if (d == Direction.FIRST_TO_SECOND)
d = Direction.SECOND_TO_FIRST;
else
d = Direction.FIRST_TO_SECOND;

23



Xpnon

Point pl
Point p2
Arrow a =
assert(a i
assert(a i
assert(

new Point(@, 0);

new Point(10, 10);

new Arrow(pl, p2, Arrow.Direction.FIRST_TO_SECOND);
nstanceof Arrow); //Mpo@oavic
nstanceof Line); //Emiong —— mMOALHOPQ1ONAC

a.getFirstPoint().getX() == 0); //KAnpovouikdétnta

24



MNapdadswyua (Javascript < ES6)

var Line = function() { //Line constructor

) e

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;

I3

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; 25



KAnpovoulkotnta otn Javascript

e Aev TIAPXOULV KAATELC, UTIAPXOLV LOVO AVTLKEIMEVA

e Ta ottoia ocuvéeovTal LETAEL TOUC LECW MLag "aAvoidag
TpWTOTUTIWV" (prototype chain)
e HyAwooa yia va "Bpel” eva XapaktnpLloTiko (Tt.X. Ttedio)
€VOC QVTLKELLLEVOVU:
o "kottadlel" oTo iOlO TO AVTIKEILEVO

o av Ogv To Bpel, "kottalel" oto avtikeipevo/
TIPWTOTUTIO AUTOU

o guvexilel avadpoLKA LEXPL E(TE va TO BpEL eite va
KATAANEEL O€ QVTIKELMEVO ME null TIPWTOTUTIO

https://developer.mozilla.org/en-US/docs/Web/JavaScript/Inheritance_and_the_prototype_chain 26


https://developer.mozilla.org/en-US/docs/Web/JavaScript/Inheritance_and_the_prototype_chain

KAdoelc otn JJavascript >= ES6

class Line {

) e

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 = Direction.FIRST_TO_SECOND;

Mpoooxn: &kv eival "TIPAYMATIKEG" KAAOELG, AAAA LA CUVTAKTLKT) EUKOALQ yLa TTILO EUKOAN XPNon NG aluoidag

Ttpwtortk[wv 27



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);

28



Private state/behavior

e 2TO (QTTAO) TTapAdeLYUd LOC:
o H kAdon Point evBuAakwvel VO akepaiovg

o H kAdon Line evBuAakwvel dvo Point avtikeipeva

o H kAdon Arrow evBulakwvel duo Point avtikeipeva
Kal pa dtevbuvon

e Mnxaviouog amtokpuPng tAnpogdopiag (information
hiding)

29



Private state oe Javascript (#private
fields)

class Line {
#first;
#second:

constructor(first, second) {

this.first = first;
this.second = second:
¥

}

YTiapxet AAAOG TPOTIOG;

30



4. Grouping - Individualization

Grouping vs. individualization

Cars

WhlteCars BlueCats

/A A

myCar Bob’sCar  Jim’sCar

A. Taivalsaari
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Opadottoinon - AlaXWPLOOC

e OuadoTioinon avIKELLEVWY ME Baon kattolo extensional
Kal Oxl intensional xapakKTtnPLoTLKO.

e [Napadeiypata:
o Ayarmueva tou xpnotn (user favorites)

o Mo tpoodata [ o OSNUOPLAN

o AtmtoteAeopata pag avadntnong

32



[MoAvpopPlopnoc

[lapoxr) pLag Kowvng OLeTtadnC yia avTikeipeva OladopeETIKWVY
TUTTWV

M
‘Eva avtikeipevo umopei va €xet TTOAAOUC TUTTIOUC (TIOAAEG
OUMUTIEPLPOPER)

33



EiON TtToAvpOPPLOLIOU

Universal polymorphism

e Parametric

e |nclusion
Ad-hoc

e Overloading

e Coercion

34



AloTta avayvwoppatwv

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 TtoAvpopPLoUOC
(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) { ...

36



Ad-hoc TtoAvpopdplopoc (Coercion)

Type coercion

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

double avg, sum;
int count;

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

37



MapapeTPIKOC TTOAVUOPDLOOC
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);
s
s

38



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

39



[MTOAVHOPPLOUOC UTTO-TUTIWV
(inclusion polymorphism)

interface Shape {
double getArea();

}

class Rectangle implements Shape {
private double width;
private double height;
public double getArea() {
return width x height;
s
s

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

1

40



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

41



AUVVALILKT] ATTOC TOAT} MNVUHATWV Ko
apyn 6EoHeELON

interface Task {
String getName();
default void run() {
System.out.println("Running task " + getName());
+
s

42



class SimpleTaskl implements Task {
public String getName() {
return this.getClass().getName();
I3

}

class SimpleTask2 extends SimpleTaskl {
public void run() {
super.run();
System.out.println("Completion of task" + getName());
s
s

43



List<Task> tasks =
new SimpleTask1()
new SimpleTask2()

1;

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

}

//0utput
//7?

[

44



Running task SimpleTaskl
Running task SimpleTask?2
Completion of task SimpleTask?2
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