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MoAupop@Ioudg UTTOTUTTWYV

Franz Marc, Fate of the animals, 1913

KwoTng 2aywvag <kostis@cs.ntua.gr>
Nikog MNMatmraotrupou <nickie@softlab.ntua.gr>

Person p;
» Eival To napandvw pa dnAwon 6TL To p €ival pa avagopd
O€ €va AVTIKEIPHEVO TNG KAAONG Person;
* ‘OxtLakplBwg — 0 7UMog Person UNOPEL va NEPAAUPAVEL
QVOQOPEG OE AVTIKEIHEVA GAAWV KAACEWV

* AuTo d16TL n Java unootnpilel NOAULOP@IONO UNOTUNWY
(subtype polymorphism)
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Meprexopeva

* YAonoinon dlanpoowneiag Twv KAAoswyv
* Enéktaon tTwv KAdoswv

* Enéktaon kat uhonoinon

* [1ToANaNAR KANPOVOULKOTNTO

* [1apapeTPIKOTNTA HEOW YEVIKWYV HEBOOWV (generics)
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AlatrpoowsTreieg (interfaces)

* 'Eva npwtétuno pedddou (method prototype) anAwg divel
TO OVOMQ TNG HEBOGBOU Kal TOV TUMNO TNG — OXL TO CWHA TNG

* Owdanpoowneieg ivat CUAOYEG and NPwTOTUNA HEBOdWV

public interface Drawable {
void show(int xPos, int yPos);
void hide() ;

}
* M kKAGon pnopei va dnAwaoet 6TL UAoNOLEL pLa
OUYKEKPIUEVN dlanpoowneia
* MeTd npé€nel va NapEXEL OPLOUOUG public PeEBOOWY Ol
onoiot Talplalouv He eKEiVOUG TNG dlanNpoowneiag
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Mapadciypara

MNati Xpno1poTToIoUPE dIATTPOCWTITEIEG;

public class Icon implements Drawable {
public void show(int x, int y) {
... GOUOL THS OO0V ...

}
public void hide () {

o OOUO, THS UEBOOOD ...
}

... TEPIOGOTEPES UEQOJOL KO TETO ...

}

public class Square implements Drawable, Scalable {
... TIPETEL VO, VAOTIOIEL 0AEG TIG UEBOIOVES OADV TWV JLATPOTWTEIDV ...

}
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* M dlanpoowneia pnopei va uhonoleital and NOAAEG
OLAPOPETIKEG KAAOELG:

public class Window implements Drawable ..
public class Icon implements Drawable ..
public class Oval implements Drawable ..

* To évopua tng dlanpoowneiag HNopei va Xpnotonotnoei
WG €vag TUNog avagopdag:

Drawable d;

d = new Icon("il.gif");
d.show(0,0) ;

d = new Oval (20,30);
d.show(0,0) ;
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MoAupop@IoHOG pE DIATTPOCWITTEIES

‘Eva 110 OAOKANPWHEVO TTAPAdEIYMO

static void flashoff (Drawable d, int k) {
for (int i = 0; i < k; i++) {
d.show(0,0) ;
d.hide() ;
}
}

* H napandvw péBodog eival MOAULOPPIKN: N KAAON Tou
QVTIKEILEVOU MOU aVaPEPETAL and ThV NAPAPETPO d deV
€ival yvwoTh KaTta To XpOvo PETAPPACNG

* To povo nou gival yvwotod eival 6Tt ival pia KAGon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable) KOl KOTA OUVENELA €ival L KAAOT NMou €XEL
HEBOOOUG show KAl hide 0L OMOIEG PNOPOUV va KANBouv
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* H endpevn dagavela deixvel Tn dlANPOowWneia Kog
KAGonG Worklist nou €ival pua cuAAoyn ano
QVTIKEIYEVA String

* H kAGon neplexet LEBAdOUG PE TIG ONOIEG KNOPOULE

- VA NPOCOECOUE Eva QVTIKEIUEVO OTN CUAAOYI,

- VO 0QALPECOUNE €V AVTIKEILEVO and Tn CUAAOYR, Kal
- va EAEYEOUHE KATA NOCO L CUAAOYN €ival KevA A OXL
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public interface Worklist {
/**
* Add one String to the worklist.
* @param item the String to add
*/
void add(String item) ;

/**

* Test whether there are more elements in the

* worklist: that is, test whether more elements

* have been added than have been removed.

* @return true iff there are more elements

=

boolean hasMore() ;

/**

* Remove one String from the worklist and return it.
* There must be at least one element in the worklist.
* @return the String item removed

=V

String remove() ;
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2XOAI0 OTIG SIATTPOCWITEIEG

* H Unapén oxoAiwv eivat onpavTikA yia pa dlanpoowneia,
OLOTL BEV UNAPXEL KWOLIKAG WOTE 0 AVAYVWOTNG/XPAOTNG
va KATAaAGBEL TL (OKONeUEL va) KAveL N KABe PEBOdOG

* H danpoowneia TNG Worklist dev Nnpoodlopidel kKanowa
OUYKEKPIUEVN dopA A TagIvOunon: KNnopei va uAonoleitat
and pwa otoifa, pa oupd, pia oupd NPOTEPALOTHTWY, N
and kanowa GAAn doun

* ©a TNV UAONOIAOOUUE WG OTOIRA, HEOW OUVOEDEUEVNG
AioTtag
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/**
* A Node is an object that holds a String and a link
* to the next Node. It can be used to build linked
* lists of Strings.
*/

public class Node {
private String data; // Each node has a String...
private Node link; // and a link to the next Node

/**
* Node constructor.
* @param theData the String to store in this Node
* @param thelLink a link to the next Node
w2
public Node (String theData, Node thelink) {
data = theData;
link = thelink;
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/**
* Accessor for the String data stored in this Node.
* @return our String item
*/
public String getData() {
return data;

}

/**

* Accessor for the link to the next Node.
* @return the next Node

*/

public Node getLink() {
return link;

}

}
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/**
* A Stack is an object that holds a collection of
* Strings.
*/
public class Stack implements Worklist ({
private Node top = null; // top Node in the stack

/**
* Push a String on top of this stack.
* @param data the String to add
*/
public void add(String data) {
top = new Node (data, top) ;
}
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}

/**
* Test whether this stack has more elements.
* @Qreturn true if this stack is not empty
*/

public boolean hasMore() ({
return (top '= null);

}

/**

* Pop the top String from this stack and return it.

* This should be called only if the stack is
* not empty.
* @return the popped String
Y/
public String remove () ({
Node n = top;
top = n.getLink() ;
return n.getData() ;

}
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‘Eva mrapadsiyya xprnong

Worklist w;

w = new Stack() ;

w.add ("o HNopaokevdg.") ;

w.add ("Bag, ");

w.add ("Bag, pag,");
System.out.print (w.remove ()) ;
System.out.print (w.remove ()) ;
System.out.println(w.remove()) ;

* 'E€0d0G: Bag, Pacg, Poag, o MNapaokevdq.
* AAN\eG UAoNOIAOELG TNG KAAONG Worklist eival niBaveg:
HE XPAON Queue, PriorityQueue, K.Q.
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ETTéKTOaON TWV KAACEWYV

MepioodTepn Java
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Mep1ooOTEPOG TTOAUNOPPICHOG

* Oa doupe pa GAAN, Mo NOAUNAOKN, NNy NOAUHOPEIOLOU
* M kAGon pnopei va napdyetat anod pia GAAn, HE Xpnon
NG A€ENG KAELDi extends

Q¢ napdadelypa Ba opicoupe pla KAGon PeekableStack
n onoia givat ocav TNV KAGon Stack, aAAG €XEL €NiONG U
HEBODO peek NOU £EETALEL TO OTOLXEIO OTNV KOPU®PH TNG
oToiBag Xwpic 6pwG va To agalpei and auth
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/**
* A PeekableStack is an object that does everything
* a Stack can do, and can also peek at the top
* element of the stack without popping it off.
*/
public class PeekableStack extends Stack {

/**
* Examine the top element on the stack, without
* popping it off. This should be called only if
* the stack is not empty.
* @return the top String from the stack
*/
public String peek () {
String s = remove() ;
add (s) ;
return s;
}
}

Mepioodrepn Java 18

KAnpovouikétnTa (inheritance)

* Enedn n kKAGon PeekableStack ENEKTEIVEL TNV KAAON
Stack, KAnpovopei OAeG TIG peBddoUC Kal Ta nedia tng

(K&t T€tolo 0g oupBaivel pe TIG dlanpoowneieg: otav
ML KAGon uAonolei pa dlanpoowneia, To POVOo Nou
QVOAQUBAVEL Eival L UnoxpEwon va UAONOLNOEL
Kanoleg peboddoug.)

* EKTOG and KAnpovouIkOTNTA, N ENEKTACN TWV KAAOEWV
odnyel Kat o€ NOAUHOPPLOUO
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack();
sl.add("drive") ;

s2.add("cart") ;
System.out.println(s2.peek()) ;

Mpooéefte OtL pLa kKAnon s1.peek () 6¢ Oa Arav
VOULUN, TtapoAo mou n s1 eival pia avadopd os
€va avilkelpevo tng kKAaong PeekableStack.
Ol Aeltoupyieg Tou emitpémovtal otn Java
kaBopilovtal anod 1o oTATKO TUTO TNG avadopag
Kall Oyt oo TNV KAAON TOU OVTIKELLEVOU.
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EpwTtnon

ATtravtnon

* H ulonoinon tng pebddou peek dev ATav N Mo
anodoTIKA:
public String peek() {
String s = remove() ;

add(s) ;
return s;

* [0Ti dev KAVOUPE TO NAPAKATW;

public String peek () {
return top.getData() ;

}
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* To nedio top TNG KAAGONG Stack €xeL dOnNAwOEei private
* H kAGon PeekableStack 0€ UNOPEL va TO NPOCNEAATEL

« o pa no anodoTikr pEBodo peek, N KAGoN Stack
NPENEL VO KATAOTROEL TO NEdi0 top 0paTd OTIC KAACELG
Nou TNV ENEKTEIVOUV

* AnAadn npEnel va To dNAWOoEL WG protected avTi yla
private

* 2UVABNG NPOKANON OXEOLAOUOU VIO AVTIKEEVOOTPEPEIG
YAWOOEG: NWG 0 OXEOLAOUOG Ba KAVEL EUKOAN TNV
enavaypnowonoinon PeBddwv PECW KANPOVOULKOTNTOG
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AAucideg KAnpovouIkOTNTAG

H kKAdon Object

* 2Tn Java, o KAaon pnopei va €xel NOAAEG KAAOELG Moy
napdayovtal and auTh

* [ Vv akpipela, 6Aeg ot KAGoelg NG Java (ekTtog and
Hia) napayovtatl and kanowa GAAN KAGon

* Edv otov oplopd pag kKAGong dev npoodlopidetal Kanola
npoTaon extends, N Java auTtopATA EVVOEL
extends Object

* H kAGon Object €ival n npwTapxIkr KAGon tThg Java
(0ev napdayetat and Kanowa aAAn)
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* 'OAecg ol KAGOEIG napayovTal, Aupeca f Eupeoca, and tTnv
NPoKaBoplopEvn KAGoN Object
- (ekTdG QuUOKA and Tnv KAGOH Object)

* 'OAeg ol KAAOELIG KANPOVOROUV HeBOOOUG anod TNV KAAON

Object, yla NapAdeLyua:
- getClass, ENIOTPEPEL TNV KAACH TOU AVTIKELLEVOU
- toString, YlO HETATPONNA TOU AVTIKEIEVOU OE String
- equals, Y0 oUYKPLON HE GANQ QVTIKEIEVA

- hashcode, yl0 UNOAOYIOUO £VOG AKEPAiOU (int) NOU AVTIOTOLXEL
oTNV TWA Tou KwdkoU Katakeppatiopou (hash code) Tou
QAVTIKEIHEVOU

- K.AM.
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YTrepKAAUWn KANPOVOUNMEVWYV OPICHWV

+ Kdanoleg @op€g pnopei va BENoUE va enavakabBopiooupe
TN AETOUPYIKOTNTA UG KANPOVOUNUEVNG HEBOOOU

* AUTO € yiveTal pe XpAon KAnolou €10IKOU KATAOKEUAOTH:
€VOG VEOG OPLOMOG UIOG HEBODBOU QUTOMOTA UNEPKAAUNTEL
(overrides) €vav KAnpoOvVOUNUEVO OPLOUO TOU iBlou
OVOMOTOG Kal TUNou
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Mapddelypa utreEpKAAUYnNGg

* H kAnpovopnuevn pEBodoG toString anAwg ocuvouddlel
TO OVOMA TNG KAAONG KAl TOV KWOIKO KATAKEPHATIOMOU
(o€ pop@r) dekaeEadlkou apLlBpou)

* Me aAAa AoyLa, 0 kwdkag TnG default pebddou Tunwvel
KATL oav TO €ENG: Stack@b3d42

* M €10IKr pEBOdOG toString 0T HEBODO Stack, oav
TNV NOPOKATW, HNOPEL VO TUNWOEL £VA MO DIEUKPIVIOTIKO
MAVUQ:

public String toString() ({

return "Stack with top at " + top;
}
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lepapxieg KANPOVOUIKOTNTOG

* H oxéon KAnpovoukdTNTAG ONUIOUPYEL HIa LlEpapxia

* Hgepapxia auth ivat Eva d€vdpo pe pida TNV KAAon
Object

* 2€ KANOLEG NEPINTWOELG Ol KAAOEIG ANAWG ENEKTEIVOUV N
Hia TV GAAN

* 2€ GAAEC NEPINTWOELG, N lEPAPXIia TWV KAAOEWY Kal N
KANPOVOMIKOTNTA XPNOONoouvTal OUTWG WOTE O
KWOIKAG Mou €ival KOWVOG yla NEPLOCOTEPEG anod Hia
KAGQOELG va undpxel HOVO O€ A KoV BaOIKr) KAGon
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AUO KAAOELG HE TIOAAA KOLVA OTOLXELDL — aAAQ
Kapio ev glval pa amAr emEKToon TG AAANC.

public class Label ({
private int x, y;
private int width;
private int height;
private String text;
public void move

(int newX, int newY)

{ {

X = newX; X = newX;

Yy = newY; Yy = newY;
} }
public String getText () public Gif getImage()
{ {

return text;

} }

} }

public class Icon ({
private int x, y;
private int width;
private int height;
private Gif image;
public void move
(int newX, int newY)

return image;
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O kwbkag kot ta Sedopéva o eivat kowa
gxouv e€axBOel oe pa kowvn “Baoikn” kKAaon.

public class Graphic ({
protected int x, y;
protected int width, height;
public void move (int newX, int newY) ({

X = newX;
Yy = newyY;
}
}
public class Label public class Icon
extends Graphic { extends Graphic {
private String text; private Gif image;
public String getText () public Gif getImage ()
{ {
return text; return image;

} }
} }
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‘Eva mp6BAnpa oxediacuou

* [1OANEG QOpPEG dTAV YPAPOUPE TOV D10 KWAIKA Eava Kal
Eavd, okeQTOHOOTE OTL O KWAIKAG AUTOG npEneL va “Byel”
O€ Ja ouvapTnon (o€ pia pEBodo)

* Otav ypdywoupe TIG idleg peBddoUG Cava Kal Eavda,
OKEQPTOMAOTE OTL KANola HEB0dOG npEnel va “Byel” o€ pua
Ko Baolkh KAGon

* Onote gival KAOAG va KATAAGBOUME VwPIG 0TO oXEDIAOUO
KATA nO00 UndpxeL avAykn Yl KOWVEG BACIKEG KAAOELG,
NPV YPAWOULE APKETO KwOIKA 0 onoiog Ba xpeldletal
avadlopydvwon
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YTroTUTrol Kol KANPOVOUIKOTNTA

* M napayoépevn KAdon eivatl €vag unotunog
* And nponyoupevn OIAAEEN:

Evog urtotumog eival Eva UTTOOUVOAO TwV TLUWV KATTOLOU TUTTOU,
aAAd urtootnpilel Eva uEPTUVOAO TwV AELTOUPYLWV TOU.

+ Katd 1o oxedlaoud NG lepapxiag Twv KAACEWY,

) ) ) ZXAHQ
NPENEL VA OKEPTOUOOTE TNV KANPOVOUIKOTNTA ‘
NG AEITOUPYIKOTNTAG TOUG MoAuntAeupo
* 'Ouwg oL “QUOIKEG” lepapXieg dev eival navta |
TetpanAegvpo

0,TL Mo KATAAANAO pnopeil va undapéetl 6oov
a@opd aTnNV KANPOVOUIKOTNTA TWV AEITOUPYIWV Tetpdywvo
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ETTéKTaON KAl UAOTTOINON
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EtrékTaon Kai uAotroinon

ATTAEG TTEPITITWOEIG

* OLKAGOEIG HNOPOUV VA XPNOLLOMNO00UY TIG AEEEIG
KAEIOId extends KAl implements CUYXPOVWG

* [0 kK&Be KAGoN, N uAonoinon evog ouoTAUOTOG Java
KPOTAEL NANPOYPOPIEG VIO APKETEG IOLOTNTEG, ONWG YIA
napadetypa:

A: T Stampoowneleg mou n KAAon VAoToLel

B: T neBbddouc mou eival umtoxpewHEVN VoL OploeL
I T ueBodoug mou opilovtal yia TV KAAon

A: ta nedia mou neplthapBavel n kKAaon
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* 'Evacg oplopog peboddou ennpedlel pévo to I

* 'Evag oplopog nediou ennpeadel povo to A

* M dfAwon implements ennpeadel Ta A kat B

'OAeg oL danpoowneieg npoobETovTal 0TO A
'OAeg oL pEBodol Toug npocbETovTaL oTo B

A: T Stampoowneieg mou n KAAon VAoToLel

B: T neBoddouc mou eival utoxpEWHEVN VoL OploEeL
I tig ueBddoug ou opilovrtal yia TNV KAAon

A: ta nedia mou nepthapBavel n kKAaon
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H dUoKoAN TrepiTTTLOON

To TTpONYyOUMEVO TTAPADEIYHA HOG

* M dAAwon extends ennpedlel OAEG TIG NANPOYOPIEG:
'OAeg oL danpoowneieg TNG BAOKAG KAAONG npooBETovTaL oto A

‘ONeg o1 pEBodoL nou unoxpeouTal n Bacikr) KAGoN va opioel
npooBEtTovtal oto B

'OAeg o1 pEBodol TnG Baoikng KAAong npooBETovtaloto I
'OAa ta nedia Tng Bacikng kKAdong npooBETOoVTAL 0TO A

A: T Stampoowneleg mou n KAAon UAoToLEL

B: tig uebodoug mou eival umoxpewpEVN va oploel
I tic uebBodoug mou opilovral yla Tnv KAAon

A: ta medla mou mepthapBavel n kKAaon
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public class Stack implements Worklist {..}

public class PeekableStack extends Stack {..}

* H kAGon PeekableStack £XEL WG:

A: ™n dlanpoowneia Worklist, and kKAnpovoud

B: TIG unoxpewoelg yia uhonoinon Twv pHeBOdwy add, hasMore,

KOl remove, €NioNG and KAnpovoud

I Tig peBOdOUG add, hasMore, KAl remove, KANPOVOUNUEVEG,

o6nwg eniong kat tn OkA NG HEB0DO peek
A: 1o nedio top, eNioNG KANPOVOUNUEVO
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Mia paTid oTIg abstract KAGAOEIG

TeAikég (£inal) KAAOEIG Kol péEBodol

* [apatnpeiote 6TLTO I €ival unepouvoAo Tou B: n kKAGon
NPENEL VA €XEL OPLOUOUG YIa OAEG TIG HEBODOUG
* H Java ouvhBwg anattei To napandvw

* OLKAGoEIG pnopouv va anaAAayouv and auThyv Thv
unoxpEwaon e To va ONAwBouv apnpnuEveg (abstract)

* M abstract KAGON PNOPEL va Xpnotponotndei povo wg
Baoikn KAGon

* (AuTO onuaivel 6TL dgv pnopouv va dnpoupyndouv
QVTIKEIPMEVA TNG OUYKEKPIUEVNG KAGONG.)
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* [leplopiCouv TNV KANPOVOUIKOTNTA

- OL TEMKEG KAAOELG OE UNOPOUV VA ENEKTABOUV KAl Ol TEAIKEG
pEBodOI Toug &€ pnopouv va EavaoploTouv

* [Mapadelyua, n KAGon
java.lang.String

* HUnapén TeAlkwv KAAOEWV €VAL CNUAVTIKE VIO A0QAAELQ

- O npoypappaTIOTAG HNoPEl va EAEYEEL NANPWG TN CUMNEPLPOPE
OAwV Twv UNOKAAOEWYV (KOl KOTA ouveENELa TwV UNoTUNwy)

Znu.: H dnAwon £inal pmropei va xpnolpoTtroindei kal o€ Tedia: eKei, To
final onuaivel 611 ytTopei va avaTedei TiuR pévo pia @opd oTo TTEdio
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MoAAQTTA) KANPOVOUIKOTNTA
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MoAAa1TAR} KAnpovouikdTNTA (Multiple inheritance)

* 2€ KAnoleg YAwooeg (6nwg n C++) pua KAGon pnopei va
EXEL NEPLOOOTEPEG aNO Hia BACIKEG KAAOELG

* [Mapddelypa: €va noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax

W

MultiFunction

* Emgavelakd, té6o0 n onuactoAoyia 600 Kal N uAonoinon
@aivovTtal EUKOAEG: N KAGon anAd kAnpovopei OAa Ta
nedia Kat TIG EBOOOUG TWV BACIKWY TNG KAACEWV
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MpoBARMATO CUYKPOUCEWYV

To po6BAnua Tou diapavTiou

* OLO0QOPETIKEG PACIKEG KAAOELG Eival AOXETEG PETALU
TOUG KaL UNOPEL va PNV €Xouv OXEDIOOTEL £TOL WOTE va
ouvduadovTal

* [ napadelypa, 1600 N KAAon Scanner 000 KAl N Fax
HNopEl va €X0OUV opioel pa PEB0OO transmit

* To epwTnpa eivat: TL NPENEL va CUUPBEL OTAV KOAECOUUE
TN pEB0OO MultiFunction. transmit;
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* M kKAdon pnopei va kKAnpovopei and tnyv idla Bactki

KAGON HEOW NEPLOCOTEPWY TOU £VOG povonaTiou
A
B C

e

* Ed&v n kKAGon A opilel €va nedio x, TOTE TOOO N B 600 KAl

n C €xouv €va

* AnAadn n kKAGon D €xeL OUO TETOL NEDIQ;

Meploodtepn Java 42

To pdéBANpa gival eTTIAUCINO, OAAA...

Zwn Xwpig TTOAAATTAR KANPOVOUIKOTNTA

* M yAwooa nou unootnpilel NOAAANAr KAnPovoukoTnTa
NPENEL va €XEL KANOLOUG HNXAVIOUOUG XEPLOMOU auTwV
TwV NPOoBANUATWY

* BePaiwg, dev eivat OAa Ta NPOPARHATA TOCO NOAUNAOKQ

* Opwg, TO BACIKO EPWTNHA Eival: TO NAEOVEKTAMATA NOU
NPOCYPEPEL N NOAANANAR KANPOVOUIKOTNTA agiCouv Tnv
NPOCOETN NOAUNAOKOTNTA OTO OXEDIOOMO TNG YAWOOAG;

* OLoxedlaoTtég NG Java ntav (kat givatl) TnG yvwung otLn
NOAAQMAL KANPOVOUIKOTNTA deV a&ifel TOV KOMOo

MeploodTtepn Java 43

* 'Eva nAgoveEKTnUa TNG NOANANANG KANPOVOUIKOTNTOG
eival 6T pa KAGon PNopei va €XEL ApKETOUG
OLOQPOPETIKOUG HETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- AuTt6 pnopei va yivel otn Java pe Xpron dlanpocwneLwY: UIa
KA&on pnopei va uhonolei Evav aneploploto apBuo and
dlanpoowneieg

* 'Eva eninA€ov nAeoveKTNUa gival n duvatotnTa
KANPOVOMLAG AEITOUPYIKOTNTAG and NOANANAEG BACIKEG

KAQOELG
- AuTo6 gival BuokoAdTepPO va yivel o€ pla yAwooa cav Tn Java
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Mpow6non (forwarding)

public class MultiFunction {
private Printer myPrinter;
private Copier myCopier;
private Scanner myScanner;
private Fax myFax;

public void copy () {
myCopier.copy () ;

}

public void transmitScanned() ({
myScanner. transmit () ;

}

public void sendFax() {
myFax.transmit () ;

}
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MoapapeTpikOTNTA HECW Generics
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Avutrapéia yevikwv KAdoswyv oTig Java 1.0-1.4

To nponyoupevo Napddelypa KAGonG Stack OpioTNKE WG
Hwa otoifa ané cupBoAooelpég

Katd ouvénela, 0 pnopei va enavaypnotponotneei yia
oToiBeg AWV TUNWV

2Ttnv ML pnopouoape va XpnOOnoIjOoUUE HETABANTEG
TUNWV yIa NEPINTWOELG AV KAl AUTEG:

datatype 'a node =
NULL |
CELL of 'a * 'a node;

H Ada kal n C++ €xouv KA&TL napopolo, aAAd 6xL n Java
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Zwn Xwpig yevikéG KAGoelg oTig Java 1.0-1.4

* Mnopoupe va opiooupe pia oToifa TNG onoiag Ta
oTolxXEia eival avTiKeipeva NG KAGoNG Object

* O TUNOG Object €ival 0 MO YEVIKOG TUNOG TNG Java Kal
neP\apBAveLl OAEG TIG AVAPOPEG

+ Kata ouvenela o oplopog HEOW TNG KAAONG Object
ENITPENEL OE AVTIKEIPEVA ONOL0dANOTE KAAoNG va
TonoBetnBouv oth oToia

* To napandvw npoc@EPEL KANOLOU £i00UG NOAUMOPPLOUO
unotunwv
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public class GenericNode ({
private Object data;
private GenericNode link;
public GenericNode (Object theData,
GenericNode thelink) ({
data = theData;
link = thelink;
}
public Object getData() ({
return data;
}
public GenericNode getLink() {
return link;
}
}

Katd napoépolo tpodmno, Ba unopoUcaple vo OpiooUUE TNV
kKAdon GenericStack (koL plo GenericWorklist
Sdlanpoowrneia) pe xprion Object otn B¢on tng String
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MeiovékTnpa

* [0 va avaKTACOUUE TOV TUMO TOU AVTIKEWWEVOU OTN
otoiBa, 8a npénel va xpnotonotjooupe €va type cast:

GenericStack sl = new GenericStack() ;

sl.add("hello") ;
String s = (String)) sl.remove() ;

* To napandvw pAAAov dev gival OTL MO PIAIKO yia TOV
NPEOYPOUHOTIOTH

» Eniong dev eival 611 No anodoTIKO o€ XpOVO EKTEAEONG:
n Java npenel va eAEyEeL KaTA TN OLAPKELA EKTEAEONG
TOU NpoypAappaTog OTL To type cast enttpénetal —
OnAadn OTL TO AVTIKEIPEVO €ival NPpAyUATL Eva String
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AAAO PEIOVEKTNHO

* OuLnpwtdyovol TUNoL NPENEL NPWTA va anobnkeubouv oe
€va avTiKeipevo €dv BENOUPE Va TOUG BAAOULE OE HILa
oToifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer (42)) ;
int i = ((Integer) s2.remove()) .intValue() ;
* To napandvw €ival eninovo Kat Oxt 0, TL N0 anodoTIKO
* H kAdon Integer €ival N NPoKaBopIOPEVN KAGON
nePLTUALYpa (wrapper class) yla Toug akepaioug

* Yndpxel pia TETola KAGon yia KaGBe npwtdyovo Tuno
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MNpaypartikd Generics (Java 1.5, “Tiger”)

* —eKlvwvTag he tn Java 1.5, n Java €xel generics, OnAadn
NOPAUETPIKEG NOAUHOPPIKEG KAGOELG (KOl OLlanpOoowWnEIES)

* H ouvtagn Toug polddel pe th ouvtagn twv C++ templates

public class Stack<T> implements Worklist<T> ({
private Node<T> top = null;
public void add (T data) {
top = new Node<T>(data, top) ;
}

public boolean hasMore () {
return (top '= null);

}

public T remove () {

Node<T> n = top;
top = n.getLink() ;
return n.getData() ;
}
}
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Xpnoipgotroinon Twv Generics

Stack<String> sl =
Stack<int> s2 =
sl.add("hello") ;
String s = sl.remove() ;
s2.add (42) ;

int i = s2.remove() ;

new Stack<String>() ;
new Stack<int>() ;
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Java 1.0 EVAVTI

Java peg Generics

class Stack {
void push (Object o) {
}

Object pop() { ... }

}
String s =
Stack st =

"Hello";
new Stack() ;

st.push(s) ;

s = (String) st.pop();
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class Stack<T> {
void push (T a) {

}

T pop() { ...}
}
String s = "Hello";

Stack<String> st =

new Stack<String>() ;
st.push(s) ;
s = st.pop();
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MNari dev UTTAPSAV generics oTI§ TIPWTEG Java,

* YnApEav apKETEG NPOTACELG VIO ENEKTAON
* 2€ OUPQWVia pE TOuG Baotkoug okonoug TNG YAwooaGg

* Opwg “o dlapoAog gival oTIG AeNTOUEPELEG”, ONWG:
- Tuvnapevépyeleg £xeL n UNapgn generics yla tn dladikacia
€AEYXOU TV TUNWV;
- [Moiog eival 0 kKaAUTEPOG TPONOG va yivel n uhonoinon;

* Mnopei n apnpnuévn pnxavi tTng Java va unootnpigel ta
generics;

* Av val, pEow npdéoBbetwv bytecodes 1 pe kanolov GAAo TpOMo;
* Méow EexwploTolu KwdIKa yia KABE GTIyIOTUNO;

* 'H péow Ttou idlou kwdika (Le Xpron casts) yia OAa Ta
OTIYHIOTUNQ;

To Java Specification Request (JSR 14) evoopato©nke otn Ja
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Generics otn Java 1.5 (“Tiger”)

* Y100eTAONKE N ouvTagn nou POALG idape

* [1pooTEBNKE auTtopaTn petatponr boxing + unboxing

TL0a ypddape XwpLic UTOMATN LETATPOTN Tuypadoupe otn Java 1.5

Stack<Integer> st =
new Stack<Integer>() ;
st.push (new Integer (42)) ;

Stack<Integer> st =

new Stack<Integer>() ;
st.push (42) ;
int i = (st.pop()) .intValue(); int i = st.pop():
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O1 TUTTOI TWYV generics TG Java eAéyxovTai

Mapdderypa: Mivakag KATAOKEPHUATICHUOU

* M yevikAq KAGon pnopel va BeAnOEL va XpnNOLONoIAoEL

AELITOUPYIEG O QVTIKEIHEVA EVOG TUMOU-NAPAUETPOU

Mapddelypa: PriorityQueue<T> .. if x.less(y) then ..

* AUO0 nNIBaveg NPooeyYIioELG:
- C++: Katd 1o Xpovo auvdeong (linking) eA€yxetal To Katd ndéoo
OAeG oL AstToupyieg pnopouv va entiubouv
- Java: Ot tunol eAéyxovtal oTaTikd Kal O xpeldletal va yivel
KANoLOG €AEYX0G TWV generics Katd To xpovo ouvdeong
* AutA n npoogyyion enPBAANEL OTO NPOYPAUUA VO EXEL
NANPOYopia yla Tov TUNO TNG NAPAUETPOU

* NMapadelypa : PriorityQueue<T extends ...>
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public interface Hashable {
int HashCode() ;
}i
class HashTable <Key extends Hashable, Value> {
void Insert(Key k, Value v) {
int bucket =(k.HashCode () )

InsertAt (bucket, k, v);

H éxopaon mpénet va unv metdel Ao
KaTA TN Odkacio EAEYYOL TOV THT®V.

Xpnowonoovpe “Key extends Hashable”
58
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Mapddeiypa: Oupd TTPOTEPAIOTNTAG

public interface Comparable<I> {
boolean lessThan(I)

}i
class PriorityQueue@extends Comparable > {

T queuel];
void insert (T t) {
. 1f (t.lessThan(queue[i])

}

T remove() { .. }

‘Eva TeAguTaio TrTOpAdEIYHA ...

public interface LessAndEqual<I> {
boolean lessThan(I) ;
boolean equal (I) ;

}
class Relations<C extends LessAndEqual<C>> extends C ({

boolean greaterThan (Relations<C> a) {
return a.lessThan(this) ;

}

boolean greaterEqual (Relations<C> a) {
return greaterThan(a) || equal(a);

}

boolean notEqual (Relations<C> a) { ... }

boolean lessEqual (Relations<C> a) { ... }




YAotroinon Twv Generics

* Alaypan Tunwv (type erasure)
- O €AeyXoG TUNWV KATA Tn METAPPAON XPNOWOMNOLEL Ta generics
- ZTn ouveExela o compiler anaAeipel Ta generics PECW dlaypagng

* AnAadn petayAwTTidel List<T> o€ List, T 0¢ Object, Kal
NPOCOETEL QUTOUATEG LETATPONEG TUNWV (casts)

* Ta generics tTnG Java d¢gv gival oav ta templates tng C++
- O1dnAwoElg Twv generics EAEyXovVTal WG NPOG TOUG TUMNOUG TOUG
- Ta generics petagpdalovtal anag
* Aev AapBavel xwpa kdnowa otypotunonoinon (instantiation)
* O napayopevog Kwdlkag o SloyKWvETaL
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