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Generics (1/15)

Generics (MapaueTpikdc MoAupop@IouoC)

NoapapeTpIiKOC NMOoAUNOPPICHOC:
H duvaTtdétnTta opiouoU KAACEWYV KAl HEBOOWV LE TTAPAUETPOUG
TUTTOUG OEQONEVWY AAAWYV KAGoewv. KAaoeig kal uEBodoil

dlaxeipidovral QVTIKEIMEVA OINPOPETIKWY TUTTWYV [E TNV idIa
uAoTtroinon. TEToleg KAAoeIg kKal uEBodol Acyovtal Generic.

MAgovekTAuaTa-KivnTpo:
[[pA@oupe EUEAIKTO YEVIKO KWOAIKA XwpPic va Buaidloupe TNV ac@AAcia
TWV TUTTWV OEOOMEVWV.

XpnoiyoTtrolouvTal oTiIC OUAANoYEC Kal oTn Java Reflection

[MpwTn Xprion otn YAwooa ML 1o 1976

Twpa og TTOAANEC AANeC YAwooeg(Haskell, Java, C#, Delphi)

2Tnv C++ 1a templates cival Trapopola aAAd dev €ivai 10 idIo
EUENIKTA Kal OEV UAOTTOIOUV TTOAAEG AEITOUpPYiEC OTTWG TA generics.
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Generics (2/15)
21N Java atro tnv £€kdoon 5.0 (v1.5 - 2004) kai peTa.

[MapExouv ao@AAEIa KATA TNV METAYAWTTION (IOXUPOG EAEYXOG TWV
TUTTWV OEDOOMNEVWIV).

EmitpétTeTal n cuAAoynR QVTIKEIMEVWYV O€ Jia ovToTNTA.

« Agv arrairouvral TTAEOV Ol UETATPOTTEC TUTTWYV (casting)
- xwpic generics: List list = new ArrayList();
list.add("Java”); String s=(String)list.get(0);
- ue generics: List<String> list = new ArrayList<String>();
list.add(“Java”); String s=list.get(0);

ETITpETTEl TNV dNMIoUPYIa YEVIKWY — EUEAIKTWY AAYOPIOuWY TTOU
AEITOUPYOUV 0 CUAAOYEG OIQPOPETIKWY TUTTWV OEOOHEVWV.

AouAguoupe TTAEov pJe generics ota Collections
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Generics (3/15)

Generic N TAPANETPIKA KAQON

Opiletal OTTWG Kal N atrAf) KAGon Ye TNV d1a@opa OTI JETA TO OVOUA TNG TTPETTEI VA
OKOAOUOEI TOUAAXIOTOV HIa TUTTIKF TTOPANETPOG AVANECO OTA CUMPBOAO <>,

class name<T1, T2, ..., Tn> Napddeiyua:

{ class GenericTest1l<T>
[* ... * }

}

O opIOHOC TWV AVTIKEIMEVWY AKOAOUBEI TOUC KaVOVEC TwV generics. Agv eTTITPE-
TTETAI N XPRON TOU new yia Tnv dnuioupyia avtikeipyévou T (AGBoc¢ new T()).

Aev emiTp€TTeTal N Xprion static T — 1redio ota generics (AaBoC:
public class GenericsExample<T> {
private static T member; //lathos, den epitrepetai }

Aev emiTp€TTETAI N dNMIOUPYia KAGong - exception
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Generics (4/15)

Opiouoi — ZuyBoAiocpoi

Generic Type Nepypadn

<T extends Comparable> MNeploplopévec (bounded) Type Parameters
<T super Comparable> Meploplopévec (bounded) Type Parameters
Set<?> Mn meploplopévoc wildcard timog

<? extends T> Meploplopévoc wildcard tumog

<? Super T> Meploplopevoc wildcard tumocg

<T extends Comparable<T>> AvaSpOouLKOC TIEPLOPLOUEVOC TUTIOC

T = yi1a TUTTOUG
N = yia apiBuoug

' List<?> v

List<Object> List<? extends Number>
v A
Taglvo “ n Gn Twv g eneric List<? exiends Integer> List<Number>

4

List — TOTrwy EEp

List<Integer>




Generics (s/15)

Aoc@AAsia TwWV TUTTWYV (type-safety)

Me Tn Xprnon generic TUTTWV, 0 compiler TOTOTIOIEI TNV KAAGON KAl av
dlaTTIoTWOoEl acuuBaToTnTa Ba dwaoel AaBoc.

[1.x. av opiooupe £va ArrayList TTou Ba TTEPIEXEI AVTIKEIPEVA UETOXEC, OEV
UTTOPEI va XpnoipoTtroinei yia GAAa avTiKEiJeva, TT.X. VOUiodaTa

ArrayList<Metoxes> metoxesList = new ArrayList<Metoxes>();
(To <Metoxes> Aéer atov compiler or1 To ArrayList Ba epiéxer uovo

HETOXEG)

Generics wild cards
AuUo TUTTOI: Bounded - Unbounded

Bounded
AUo TPOTTOI YPAPNAC YVIa Avw Kal KATW Oplo (T1.X. <? extends T> kai
<? super T>)
Unbounded (o oupBoAIiouOg <?>), utTopEi va dEXTEI OTTOIOVOATTOTE TUTTO
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Generics (6/15)

<?>

2 UMBOoAICel éva dyvwaoTo TUTTO () otTolovOATIoTE TUTTO). .. av BEAoupe Eva
ArrayList yia diagpopoucg TUTTOUG, TOTE TO OpioulE PE TOV opIoud ArrayList<?>
ArrayList<?> unknownList = new ArrayList<Number>();
unknownList = new ArrayList<Float>();

<? extends T>

Emitpétrel 6Aoug Toug TUTTOUG T ) TIC UTTOKAGOEIG TNG T (extends)
ArrayList<? extends Number> numberList = new ArrayList<Number>();
numberList = new ArrayList<integer>();

numberList = new ArrayList<Float>();

<? super T>

To avTioTPOPO TOU TTPONYOUNEVOU OPICHOU, ETTITPETTEI JOVO TUTTOUG T Kal
super class Tou T (11.X. Integer kai Number).

ArrayList<? super Integer> numberList = new ArrayList<Number>();
numberList = new ArrayList<integer>();

numberList = new ArrayList<Float>(); /compilation error
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Generics (7/15)

Mapadeiypara opiopwyv pe wild cards:
Collection<?> coll = new ArrayList<String>();
List<? extends Number> list = new ArrayList<Long>();
Pair<String, ?> pair = new Pair<String, Integer>();

[Mapadeiypata opiopwyv pe unbounded wild cards:
ArrayList<?> list = new ArrayList<Long>();
ArrayList<?> list = new ArrayList<String>();
ArrayList<?> list = new ArrayList<Employee>();

111 (B TOUG DOUNE aVAAUTIKA KOl ME TTAPADEIYHATA OTIC TTAPOAKATW
Ol10PAVEIEG)
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Generics (8/15)

OpIoUOC pIag generic KAAong e 2 OIa@OPETIKA avTIKEiJEVa (wrapper type Kai
reference type). H add() apxIKOTTOIEi TO QVTIKEIMEVO KAl N get() TO ETTIOTPEPE
OTO KUPIWG TTPOYPAMMA.
class GenericTest1l<T> {

private T t;

public void add(T t) {this.t =t;}

public T get() {return t;}

public static void main(String[] args) {
GenericTestl<Integer> i1 = new GenericTestl<Integer>();
GenericTestl<String> s1 = new GenericTest1<String>();

11.add(new Integer(25));
sl.add(new String("Hello Generic Class"));

Arithmosz = 25
To string = Hello Generic Class
Preszz any key to continue . . .

System.out.printin("Arithmos =" + il.get());
System.out.printin("To string =" + s1.get());

}}
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Generics (9/15)

Napddeiypa ye dIAQOPETIKA (eUyN TUTTWV:
Interface Pair<K, V> { public K getKey(); public V getValue(); }

class OrderedPair<K, V> implements Pair<K, V> {
private K key; private V value,

OrderedPair(K key, V value) {

this.key = key;,
this.value = value;
}

public K getKey() { return key; }
public V getValue() { return value; }

}
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Generics (10/15)

class NewClass

{

public static void main(String[] args)

{

Pair<String, Integer> pl = new OrderedPair<String, Integer>("Even", 8);
Pair<String, String> p2 = new OrderedPair<String, String>("hello", "world");
System.out.printin(" "+pl.getkey()+" " +pl.getValue());

System.out.printin(" "+p2.getkey()+" " +p2.getValue());

}
}

Ll

Even 8
hello world
BUILD SUCCESSEUL (total time: 0 seconds)
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Generics (11/15)

Generic Methods

Mia generic ué8odog utropei va KANBEi ue TTapapETPOUC DIAPOPETIKWV
TUTTWV (ava@opEC Kal Ox1 Baaikoi TUTTOL).

2TNV UTToypa®r TG NEBODOU YPAPETAI O TUTTOC TOU ETTIOCTPEPOUEVOU
ATTOTEAEOUATOC PEOQ OE <>

H p€Bodog ptTopei va deXTEN pIa | TTEPICOOTEPEG TTAPANETPOUC XWPIOMEVEC
UE TO OUHPBOAO (,) KOMUQ.

2T0 TTAPAKATW TrTaPAadelypa ue TNV idia pEBodOo Ba eupaviocoupe TPEIG-
O1aPOPETIKOU TUTTOU - TTIVOKEG
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Generics (12/15)

class GenericMethod {
public static <A > void printArray( A[ ] inputArray ) {
for ( A element : inputArray ) {
System.out.print(element + " "); } System.out.printin(); }

public static void main( String args[] ) {
Character[] charArray = {'J', 'A’, 'V', 'A'};
Double[] doubleArray ={ 2.1, 5.3, 1.2, 8.4 };
Integer|] intArray = { 4, 32, 45, 67, 89 },
System.out.printin( "Pinakas haractirvn : ");
printArray( charArray );
System.out.printin();
System.out.printin( "Pinakas dekadikvn : ");
printArray( doubleArray ); I
System.out.println(); Press any key to continue . . .
System.out.printin( "Pinakas akeraivn : " );
printArray( intArray ); }}

Pinakas haractirun :

J A U A

Pinakas dekadikun =
2.1 5.3 1.2 8.4
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Generics (13/15)

Napadeiypa xpRong (eUyoug SIOPOPETIKWY TUTTWV
import java.util.*;

Iclass Pair<T1l, T2>{

private final T1 first;

private final T2 second,;

//1os-domitis arxikopoiei tous 2 typous
public Pair(T1 first, T2 second){
this.first = first;
this.second = second; }

/20s-domitis arxikopoiei zeugos ton 2-typon, to zeugos np
public Pair(Pair<T1, T2> np){

this.first = np.getFirst();

this.second = np.getSecond(); }
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Generics (14/15)

public T1 getFirst() {
return this.first;}

public T2 getSecond() {
return this.second; }

public String toString(){
return "First ;" + first.toString() + ", " + " Second :" + second.toString(); }}

class TestPairs {
public static void main(String[] args) {
Pair<String, Integer> pl = new Pair<String, Integer>("Java", 5);
System.out.printin(pl);
Il
ArrayList<integer> v1 = new ArrayList<Integer>();
for (int x = 1; x <= 3; x++) vl.add(new Integer(x));
I/
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Generics (15/15)

Il
ArrayList<String> v2 = new ArrayList<String>();
v2.add(new String("String 1"));
v2.add(new String("String 2"));
v2.add(new String("String 3"));
Il
ArrayList<Pair<Integer, String>> v3 = new ArrayList<Pair<iInteger, String>>();
for (inti=0;i<=2; i++)
v3.add(new Pair<Integer, String>(v1.get(i), v2.get(i)):
for (Pair<Integer, String> p : v3) System.out.printin(p);

}
}

Press any key to continue . . .
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MNeplopiopyéveg (bounded) Type Parameters (1/10)

MT1TopoUlE va TTEPIOPICOUNE TOUG TUTTOUG TTOU XPNOIKOTTOIoOUVTAl WG TTAPANETPOL.
AnA. va dExovTal JOVO OUYKEKPIMEVOUC TUTTOUS TTAPANETPWY. XPNOIUOTTOIOUME
TNV dcoueupEVN AECn extends

[a TTapadeiyua o€ pia JEBodO TToU dEXETAI APIBUOUC AV TUTTIKA-TTAPANETPO,
MTTOPOUME Va TTEPIOPIcOUUE TNV HEBODO va dExeTal uovo Number — rurroug.

AnAwon evog bounded type parameter :
<T extends superClassName>
m.X. class Periorismeni<T extends A>
(xpHon uovo mapauéTpwy TUTTOU A)

Av opiooupe <T extends Number>, 101 TO Avw OpI0 cival dAol o1 apiBuoi (dnA.
wrapper types apiBuoi, dnA. Integer, Double, KATT.)
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Meplopiopéveg (bounded) Type Parameters (2/10)
II'Iadealvuq 1°;

class BoundedEx<T extends Number> {
private T num;

void setNum(T num) { this.num = num; }
T getNum() {return num; }}

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

BoundedEx<Integer> x = new BoundedEx<>();
x.setNum( Integer.valueOf(35));

Il epistrefei ton ar. san Integer

Integer i = x.getNum();
System.out.printin(“Integer= "+i);
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Meplopiopéveg (bounded) Type Parameters (3/10)

/ITurrou double

BoundedEx<Double>y = new BoundedEx<>();
y.setNum( Double.valueOf(20.8));

// epistrefei ton ar. san double
Double z = y.getNum();
System.out.printin(* Double= "+z);

b}

'ress any Key to C ontinue . . .
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Meplopiopéveg (bounded) Type Parameters (4/10)

MapaAAayn 1° Mapadeiyparog: Xpron 1nG getClass().getName() (java reflection)
yia TNV €Upecn TNG KAAONG TOU QVTIKEIJEVOU.

class Box1<T extends Number> {
private T t;

public void set(T t) {this.t =t;}
public T get() {return t;}

public <U extends Number> void inspect(U u){
System.out.printin("U: " + u.getClass().getName());
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Meplopiopéveg (bounded) Type Parameters (5/10)

public static void main(String[] args) {
Boxl1<Integer>i = new Boxl<Integer>();
l.set(new Integer(10));
System.out.printin(" Integer: "+i.get());
l.inspect(10);

Il
Box1<Double>d = new Box1<Double>();
d.set(new Double(3.14));

System.out.printin(" Double: "+d.get()); BN C\Windows\system32\c..  — [ X
' . Integer: 16
d.inspect(3.14); e nteger
}} Double: 3.14

U: java.lang.Double

Press any key to continue . . .
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MNMeplopiopéveg (bounded) Type Parameters (6/10)

[Mapddsivua 2° — Bounded otnv YTTEPKAAON KAl OTIC UTTOKAQOEIC:

class Bound<T extends Employee> {
private T objRef;
public Bound(T obj){this.objRef = obj;}
public void doRunTest(){this.objRef.displayClass();}}

class Employee {
public void displayClass() {
System.out.printin("Mesa stin klasi Employee. Bounded -> Epitrepetai mono stis
ypoklaseis kai stin yperklasi");

b}
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Meplopiopéveg (bounded) Type Parameters (7/10)

class Technical extends Employee {
public void displayClass() {System.out.printin("Mesa stin klasi Technical"); } }

class Administrator extends Employee {
public void displayClass(){System.out.printin("Mesa stin klasi Administrator"); }}

class BoundedClass1 {
public static void main(String a[])
I/l pername to antikeimeno typou Administrator san Bounded parametro
Bound<Administrator> adm = new Bound<Administrator>(new Administrator());
adm.doRunTest();

I/l pername to antikeimeno typou Technical san Bounded parametro
Bound<Technical> tec = new Bound<Technical>(new Technical());
tec.doRunTest();
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MNepropiopéveg (bounded) Type Parameters (8/10)

I/l pername to antikeimeno typou Employee san Bounded parametro
Bound<Employee> emp = new Bound<Employee>(new Employee());
emp.doRunTest();

/[ pername antikeimeno typou String san Bounded parametron. Lathos!!!
Bound<String> str = new Bound<String>(new String());
str.doRunTest(); }}

BN C:\Windows\system32\cmd.exe

Mesa stin klasi Administrator
Mesa stin klasi Technical
Mesa stin klasi Employee. Bounded -» Epitrepetai mono stis ypoklaseis kai stin yperklasi

Press any key to continue . . .

C:\0-OCF_sfetsos\GENERICS\BoundedClassI.java:35: error: type argument String is not within bounds of type-variable T

Bound<String> str = new Bound<5tring>(new String())}:

where T iz a type-variable:
T extends Employee declared in class Bound
C:\0—DOP_sfetsos\GENERICS\BoundedClassl.java:35: error: type argument String
Bound<5tring> str = new Bound<String> (new String()):

is not within bounds of type-variable T

where T is a type-wvariable:
T extends Employee declared in class Bound
rrrrrrr

Tool completed with exit code 1

24
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MNMeplopiopéveg (bounded) Type Parameters (9/10)

[Tapadciyua 3° — Bounded otnv YtrepkAaon kai o€ Interface (n mpwtn mapau. KAGon

Kal Ta GAAa interfaces pe 10 oUuBoAo &)
class Bound<T extends Employee & iMisthos> {
private T objRef;
public Bound(T obj){this.objRef = obj;}
public void doRunTest(){this.objRef.displayClass(); }
public void displayClass(){System.out.printin("Ylopoiisi methodou tou
Interface");}}

interface iMisthos { public void displayClass(); }

class Administrator extends Employee implements iMisthos {
public void displayClass()
{ System.out.printin("Mesa stin ypoklasi Administrator"); }}
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Mepropiopéveg (bounded) Type Parameters (10/10)

class BoundedClass?2 {
public static void main(String a[]) {

[lantikeimeno ypoklasis san type parametros alla kai ylopoiisi methodou interface
Bound<Administrator> emp = new Bound<Administrator>(new Administrator());
emp.doRunTest();
emp.displayClass();

1}

B C\Windows\system32\cmd.exe — O X

Mesa stin ypoklasi Administrator
Ylopoiisi methodou tou Interface

Press any key to continue . . .
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NMeproooTepa Mapadeiypara

Mapadeiyua-1: H xpron tn¢ extend (kAdoeig) oav implements Twv dIETTAQWYV
(interfaces). 210 TTAPAdEIYUA N generic JEB0OOC maximum OUYKpivel 3-CUYKpioIua
(comperable) avTiKeipeva Kal ETTIOTPEPEI TO JEYAAUTEPO ATTO AUTA.

public class Maximum_Arithmitikon_Antikeimenon {

public static <T extends Comparable<T>> T maximum(T t1, Tt2, T t3){
T max =tl1; //tl einai to megalytero

if(t2.compareTo(max) > 0) {
max =t2; //t2 einal to megalytero tora

}

If(t3.compareTo(max) > 0) {
max = t3; //t3 einai to megalytero tora

}

return max; // epistrefei to magalytero antikeimeno

}
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Mapadeiypara

public static void main(String argsJ]) {
System.out.printf("Megistos apo tous: %d, %d and %d einai %d\n\n",
7,9, 6, maximum( 7,9, 6));

System.out.printf("Megistos apo tous: %.1f,%.1f and %.1f einai %.1f\n\n",
3.14, 1.8, 6.28, maximum( 3.14, 1.8, 6.28 ));

System.out.printf("Megisto apo ta: %s, %s and %s einai %s\n","Roulis",
"Takis", "Panos", maximum("Roulis", "Takis", "Panos"));

}}

BN C\Windows\system32\cmd.exe — O

Megistos apo tous: 7, 9 and 6 einai 9

Megistos apo tous: 3,1,1,8 and 6,3 einai 6,3

Megisto apo ta: Roulis, Takis and Panos einai Takis

Press any key to continue . . .
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Mapadeiypara

II'qudBt:lvuq-Z (Upper bounded wildcards): H xprion 1ng <? extends Numbers>
EMTPETTEI TNV XPriON OAWV TwV apIOU. TUTTWYV, €0W YIa TNV eUpean TnNG sum()
OIAPOPETIKWY apIBu. TUTTWV.

import java.util.*;
public class GenericsExample<T>

{

public static void main(String[] args)

{

//List of Integers
List<Integer> ints = Arrays.asList(1, 2, 3,4, 5,6, 7, 8, 9);
System.out.printin(sum(ints));

//List of Doubles
List<Double> doubles = Arrays.asList(1.5, 2.5, 3.5, 4.5);
System.out.printin(sum(doubles));}

MavayiwTng ZPpeTooc,  AVTIKEIMEVOOTPEPNG MpoypappaTiopog 29



Mapadeiypara

public static Number sum (List<? extends Number> numbers){
double s = 0.0;
for (Number n : numbers)
s += n.doubleValue();
return s;

J EX C\Windows\system32\cmd.exe — O "

y to continue .
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MapadeiypoaTta

MNapdadsiyya — 3: KAnpovouikoTnta:

2.€ Jia kKAdon tTnv BoundedDemo<T extends LongOhima> Ba xeipioToUuue
QAVTIKEIMEVA TV OUO uTToKAdoewV (Bus kai Truck).

H mapduetrpog T (bounded) ptropei va avrikataoTadei udvo atrd avTiKEIJEVA TUTTOU

LongOhima (utrepkAAGon) ) avTikeiyeva uttokKAGoswv TnG (Bus kai Truck)

LongOhijma

Mrticlk
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MapadeiypoaTta

abstract class LongOhima {
String name;
public abstract void start(); }

class Bus extends LongOhima {
Bus(String name) {this.name = name;}

@Override
public void start() {System.out.printin("To leoforeio xekina");}}

class Truck extends LongOhima {
Truck(String name) {this.name = name;}

@Override
public void start() {System.out.printin("To fortigo xekina");}}
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Mapadeiypara

class BoundedDemo<T extends LongOhima> {
T var;
BoundedDemo(T v) {var = v;}

public void vehicleName() {System.out.printin("To onoma toy ohimatos:
"+var.name);}

public static void main(String args[]) {
Bus b = new Bus("Volvo");
Truck t = new Truck("Mercedes-Benz");
BoundedDemo<Bus> bus = new BoundedDemo<Bus>(b);
BoundedDemo<Truck> truck = new BoundedDemo<Truck>(t);

bus.vehlcleName(); ER C\Windows\system32\cmd.exe — O X
trUCk'VehiCIeName(); To onoma toy ohimatos: Volvo

}} To onoma toy ohimatos: Mercedes-Benz

Press any key to continue . . .
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