MNeploodtepn Java

NMoAupop@ICHOG UTTOTUTTWYV

Franz Marc, Fate of the animals, 1913

Kwotng 2aywvag <kostis@cs.ntua.gr>

Person x;

» Eival To napandvw pa dnAwon 6TL TO x €ival pia avagopd
o€ €va AVTIKEIUEVO TNG KAAONG Person,;

* 'OxtL akpBWG—0 7UrM0¢ Person UNOPEL VA NEPINAMPBAVEL
AVOQOPEG OE AVTIKEIPEVA AAWY KAACEWV

« AuTO 016TL n Java unootnpifel NOAUHOP@IONS UNoTUNWV
(subtype polymorphism)
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Meplexopeva

AlatrpoowTreieg (interfaces)

* YAonoinon dlanpoowneiog Twv KAAoEwv
* Enéktaon Twv KAAoEWV

» EnékTtaon kat uAonoinon

* [MoAAANAA KANPOVOUIKOTNTA

* [NapAPETPIKOTNTA HECW YEVIKWV HEBODWV (generics)
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« 'Eva npdtuno pebddou (method prototype) anAwg divel To
ovopa NG peEBGOOU Kal Tov TUNO TNG—OXL TO CWHA TNG

* M dianpoowneia gival pia cuAloyr) and npdtuna pedddwv

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

}
* M KAGon pnopei va dnAwaoet 0Tt UAOMOLEL Ko
OUYKEKPLUEVN dlanpoowneia
* MeTd npEnel va NapEXEL OPIOUOUG public PeBOSWY oL
onoiot Talptdlouv pPe EKEivoug TNG OLaNPOoWNEIAG
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Mapadeiypata

public class Icon implements Drawable ({
public void show(int x, int y) {
... method body ...
}
public void hide() ({
... method body ...

}
...more methods and fields...

public class Square implements Drawable, Scalable ({
... all required methods of all interfaces implemented ...
}
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MNati XpNOIMOTTOIOUHE SIATTPOCWTITEIEG;

* M dianpoowneia pnopei va ulhonoleitat and
OLOPOPETIKEG KAACELG:

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

* To évopua NG danpoowneiag HNopei va Xpnotponotnoei
WG €vag TUNog avaopdqg:

Drawable d;

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

d = new Oval (20,30) ;
d.show(0,0) ;
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NMoAUpOPPICHOG HE DIATTPOCWITEIEG

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

* H napanavw pEBodog eival MOAULOPPIKK: N KAAOT Tou
QVTIKEIMEVOU NOU AVAPEPETAL And TNV NAPAUETPO d dev
gival yvwoTh Katd 1o XpOvo HETAPPACNG

* To povo nou gival yvwaoTtod gival 6Tt ival pua KAGon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable), KOl KOTA OUVENEL €ival i KAAOT nou €XEL
HEBGOOUG show Kal hide oL 0noieg pNopouv va KAnBouv
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‘Eva 110 oAOKANpWHEVO TTAPAdEIYHO

* H endpuevn dagavela deixvel Tn dlANPOCWNEIa UG
KAGONG Worklist nou €ival pia cuAAoyr anod String
QVTIKEIPHEVA

* H kAGon neplExel peBOGOOUG PE TIG ONOIEG HNOPOUNE
- VO NPOCBECOUNE €va QVTIKEIUEVO 0T OUAAOYN,

- VO aQALPECOULE £va AVTIKEIPEVO and Tn CUAAOYI)], Kal
- va eA€yEoupe KOTA NOOO Hia OUANOYN €ival KevA
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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.

* @Qreturn true iff there are more elements

2/

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

*/

String remove () ;
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2XOA10 OTIG DIATTPOOWTTEIEG

* H Uunapén oxoAiwv ivat onpavTikA yia pa dlanpoowneia,
OLOTL OEV UNAPXEL KWOLIKAG WOTE O AVAYVWOTNG/XPAOTNG
va KATAAGBEL TL (OKONEUEL va) KAVEL N KABE PEBODOG

* H dlanpoowneia TnG Worklist dev npoadlopilel kanowa
OUYKEKPLIEVN douA A TAgIVOUNOoN: KNopei va uAonoleital
and pa otoifa, pa oupd, f KatL GAAO

* ©a TNV UAonolooupEe wg oToifa, HECw ouvdEDEUEVNG
AioTag
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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
*/
public Node (String theData, Node thelLink) {
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.

* @return 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
*
/
public String remove () {
Node n = top;
top = n.getLink() ;
return n.getData() ;

}
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‘Eva mrapadsiypa xpong

Worklist w;

w = new Stack() ;

w.add ("o Napaockeudg.") ;

w.add ("Bag, ")

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

« 'E€0d0G: Bag, Pag, Pag, o MNapoaokrevdc.
* AMAEG UNOMOLAOELG TNG KAAONG Worklist gival MOAVEG:
HE XPNON Queue, PriorityQueue, K.Q.
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ETTékTaon TwV KAAoEWV
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Mep1o0oOTEPOG TTOAUHOPPIOHOG

* Oa doupe pa GAAN, No NOAUNAOKN, NNyA NOAULOPPIOHOU
* M KAGon pnopel va napdyetatl and pia aAAn, Pe xpnon
NG AEENG KAEWDl extends

Mo napadetypa: Ba opiocoupe pa KAGon PeekableStack N
onoia givat oav Tnv KAAon Stack, aAAG €XEL €niong pa
HEBODO peek NOU £EETALEL TO OTOLXEIO OTNV KOPUPH TNG
OTOiBaG XWwpPIiG OUWG va TO ANOPOKPUVEL anod 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;
}
}
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KAnpovouikétnta (inheritance)

* Enedn n kKAdon PeekableStack £MNEKTEIVEL TNV KAGON
Stack, KAnpovopei OAeg TIG pEBOOOUG Kal Ta nedia tTng

* (Kati t€TOl0 € oUPPaAiIvEL PE TIG OLANPOOWNEIEG—OTAV HLa
KAGon uAonolei pa dlanpoowneia, To HOVo nou
avoAapBavel ival pa unoxpEewaon va UAoNooeL KANOLEG
HeBGdoUG)

* EKTOG and KANpovouKOTNTA, N ENEKTACT TWV KAGOEWV
odnyei kat o€ NOAUOPPLOUS
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack() ;
sl.add("drive") ;

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

[TpocéEte 6T o kKANon s1.peek () dev sivar
vopun, mopoio mov 1 s1 gtvor po avagopd oe
éva avTikeipevo g KAdonc PeekableStack.
Ot Aettovpyiec mov emtpénovtol ot Java
kaBopilovion amd 10 6TATIKO TOITO TNG AVAPOPEG
Kot 0L oo TNV KAGOT) TOV OVTIKELEVOU.

MepiooodTepn Java 20




EpwTtnon

ATtrdvrnon

* H ulonoinon ™G pebddou peek dev ATAV N MO
anodOTIKA:

public String peek () ({
String s = remove() ;
add (s) ;
return s;

* [ati dev KAVOUUE TO NOPAKATW;

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

}
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+ To nedio top TNG KAAONG Stack £xel dONAWBEi private
* H kAGon PeekableStack 0€ UNOPEL va TO NPOonENAOEL

* [0 pa no anodoTikr pEBodo peek, n KAAon Stack
NPENEL VA KATAOTAOEL TO NEdi0 top 0paTO OTIG KAACOEIG
Nnou TNV ENEKTEIVOUV

« AnAadn npEnel va dnAwBel wg protected avTi yua
private

* 2UVAONG NPOKANON OXEOLAOUOU VIO AVTIKEWEVOOTPEPEIG
YAWOOEG: NWG 0 OXEOLAOUOG Ba KAVEL EUKOAN TNV
enavaypnotonoinon peBddwyv PEow KANPOVOULKOTNTOG
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AAucoideg KANpoOvouIKOTNTOG

H kKAdon Object

* M napaydépevn KAGon pnopei va €xel NOANEG KAAOEIG
nou napdyovTtal anod auth

* EKTSOG anod pia, 6Aeg ot undAoneg KAAOELG NapAyovTal
and kanowa GAAn KAGon

* Edv otov oplopd pag kAdong dev npoadlopiletal Kanola
npoTaon extends, N Java NapEXEL a TETO NPOTACN:
extends Object

H kAdon Object €ival n npwtapylkA KAGon tng Java
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* 'OAecg ol KAGOEIG napayovTal, Aueca f Epeoca, and tTnv
NPOKABOPLOPEVN KAAON Object (EKTOG QUOIKA anod Thv
KAGOn Object)

» 'OAeg ol KAAOEIG KAnpovopoUv HeBodoug and tnv KAAoN
Object, yla napadetypa:

- getClass, €NOTPEPEL TNV KAGON TOU QVTIKEWWEVOU

- toString, yl0 HETATPONI TOU AVTIKEIUEVOU OE String

- equals, yla OUYKPLON PE GANO QVTIKEIpEV

- hashcode, yla unoloylopd evog akepaiou (int) nou avtioTolxel

aTnV TIUA TOU KwdIKOU KaTaKepUaTiopoU (hash code) Tou
QAVTIKEIUEVOU

- K.AM.
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YTepKAAuwn KANPOVOUNHEVWY OPICHWV

+ Kdnoleg @opEg pnopei va BEAOUPE va enavakabBopiooupe
TN AETOUPYIKOTNTA U KANPOVOUNUEVNG HEBOOOU

* AUTO O¢ viveTal Pe XpAon KAnolou €181KOU KATAOKEUQOTH):
€vag VEOG OPLOPOG A peBGdOU auTOUATO UNEPKOAUNTEL
(overrides) €vav KAnpPoOVOUNUEVO OPLOUO TOU idlou
OVOMOTOG Kal TUNou
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Moapdadeiypa utTrEPKAAUYNG

* H kAnpovopnuevn HEBOOOG toString ANAWG oUVOUALEL
TO OVOMA TNG KAAONG KAl TOV KWOIKO KATAKEPHATIOMOU
(o€ pop@r) dekasEadlkou aplOpoU)

* Me GAAa AOyLa, o Kwdkag TnG default pebddou Tunwvel
KATL oav TO €ENG: Stack@b3d

* M €101kr) pEBodoG toString 0Tn pEBOdO Stack, oav
TNV NOPAKATW, KLNOPEL VA TUNWOEL £VA MO BLIEUKPIVIOTIKO
MAVUHQ:

public String toString() {

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

H ox€on KAnPOVvOUIKOTNTAG dNUIOUPYEL pia lepapxia

H epapyia auth givat €éva d€vOpo pe pida tnv KAGoN

Object

* 2€ KAMOLIEG NEPINTWOELG Ol KAAOEIG anAWG ENEKTEIVOUV N
Hia TNV GAAN

* 2 GAAEG NEPINTWOELG, N LEPAPXIA TWV KAACEWV KAl N

KANPOVOUIKOTNTA XPNOLONOLOUVTAL OUTWG WOTE KWOIKAG

nou €ivat Kowvog yla neploodTeEPEG and pia KAAOELG va

UNApXEL HOVO O€ La Kowvr Bacotkr) KAGon
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AUO KAAQOELG e TTOAAQ KOWVA oToLEla—aAAG
Kapta dev gival pia amAr eméktacn tTng AAANG.

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

{ {

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

X = newX; X = newX;
y = newyY; Yy = newyY;
} }
public String getText () public Gif getImage()

{ {

return text;
} }
} }

return image;
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O kwbkag Kot to Sedopéva mou ival Kowa
€xouv e€ayxOel og pa kowvn “Baoikny” KAAon.

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

public class Label
extends Graphic {
private String text; private Gif image;
public String getText () public Gif getImage ()
{ {
return text;
} }
} }
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public class Icon
extends Graphic {

return image;

‘Eva mpéBAnpa oXESIOOHOU

* T1OANEG QOPEG dTAV YPAPOUE TOV D0 KWALIKA Eava Kal
cava, OKEPTOUOOTE OTL 0 KWOLIKAG AUTOG npeneL va “Bye”
O€ Hla ouvapTnon (o€ pia pEBodO)

* 'Otav ypdyoupe TIG idleg peBOdOUG Eava kal Eavd,
OKEQPTOMAOTE OTL KANola HEB0dOG npeneL va “Byel” o€ pa
KO Baotkr KAGON

* Onote eival KOAG va KATaAGBOULE VwPIG 0TO axedlaopo
KaTtd ndéoo undpxel avaykn yla KOWEG BACIKEG KAACELG,
npwv ypaywoupe apkeTod KwOLKa 0 onoiog Xpelaletal
avadlopydvwan
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Y1roTUTrol Kol KAnpOVvOUIKOTNTA

* M napaydépevn KAGon gival €vag unotunog
* And nponyoupevn OLAAEEN:

Evag urtotumog givat Eva UTTOOUVOAO TWV TLUWV KATTOLOU TUTOU,
aAAa urtootnpilel Eva uMeEPaUVOAQ TWV AELTOUPYLWY TOU.

* Katd to oXedlaopd TNG lEpAPXiag TwWV KAACEWY,

) ) ) ZXAHQ
NPENEL VA OKEPTOUAOTE TNV KANPOVOUIKOTNTA |
TNG AELTOUPYIKOTNTAG TOUG NoAUTtAgupo
* 'Ouwg oL “QUOIKEG” IEpap)Xieg dev eival ndvta |
TetpamnAgvpo

OTL Mo KAaTAAANAO pnopei va undapéetl 6oov
a@opPA OTNV KANPOVOUIKOTNTA TWV AEITOUPYLWV Tetpdywvo

Meploodtepn Java 31

EtrékTaon Kal UAoTroinon
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EmékTaon Kail uhotroinon

ATTAEG TTEPITTITWOEIG

* OLKAGOELG LNOPOUV VA XPNOOMNOC0UV TIG AEEELG
KAEOId extends KAl implements CUYXPOVWG

» [ KABe kKAGON, N uAonoinon evog cUCTAUOTOG Java
KPATAEL NANPOPOPIEG VIO APKETEG WOLOTNTEG, ONWG YA
napadeypa:

T1G SOMPOCMOTELES TTOL 1) KAAOT) VAOTOET

TIc ueBdOoVE oL Eival VITOYPEDUEVT VO OPIGEL
T1G peBdOooVE oL opilovton yio TNV KAAoN

ta tedia mov mEPIAaUPAvEL 1| KAGoN

>aw
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* 'Evag oplopog peboddou ennpedlet povo to I
» 'Evag oplopog nediou ennpeddlel povo 1o A

* Mo implements dRAwon ennpedlel Ta A kol B

- 'OAeg ol duanpoowneieg npoobetovtal ato A
- 'OAeg ol péBodol Toug npooBETovTal oto B

: TIG OMPOCMOTELES TOL 1) KAAO™ VAOTOET

TIC LeBAOOVC TOL EIVOL VTTOYPEDUEVT VO OPIGEL
T1c pe@doove mov opilovon yio tnv KAGoN

Ta TEdio oL TEPIAaUPAVEL I KAGON

>aw >
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H dU0KOAN TrepiTITLOON

To TTponyoUHEVO TTAPAdEIYHA HOG

* M extends dAAwaoN ennpedlel OAEG TIG NANPOYOPIEG:
- 'OAeg oL dlanpoowneieg TnNG BactkAg kAdong npocBETovtal aTo A

- 'OAeg oL p€BodoL nou unoxpeouTal N BACIKh KAGCH va opioel
npocBstovtal oto B

- 'OAeg oL péBodol tTng Baoikng KAdong npocBetovtal oto I
- 'OAa 1a nedia TnG BactkAg kKAGong npooBETovTal 6To A

T1G Slmpocmneieg Tov 1 KAAGT LAOTTOLEL

TIc ueBdO0VE TOL Eival VITOYPEDUEVT VO OPICEL
T1G peBodovg mov opilovrat Yo TNV KAGOM

ta tedia mov mepAapPavel 1 KAGoN

>Paw
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public class Stack implements Worklist {..}
public class PeekableStack extends Stack {..}

* H kAGon PeekableStack £XEL WG:

A: ™n dlanpoowneia Worklist, and KAnpovoud

B: TIG unoxpewoelg yia uhonoinon Twv peB6dwv add, hasMore,
KOl remove, £MNiONG AN KANPOVOLLA

"1 TG peBOdOUG add, hasMore, KAl remove, KANPOVOUNUEVEG,
onwg eniong Kat tn dIKr TNG HEB0SO peek

- A: 1o nedio top, €ENioNg KANPOVOUNUEVO
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Mia paTid oTIg abstract KAAOEIG

TeAikég (final) KAAoEIG Kal péEBodol

* [Mapatnpeiote 6TLTO I €ival ungepouvoAo Tou B: n KAGon
NPENEL VA €XEL OPLOUOUG YIa OAEG TIG HEBODOUG
» H Java ouvABwg anattei To napandvw

* OLKAdoeglg pnopouv va anaAAayouv and authv Thv
unoxpEwaon e To va OnAwBouv apnpnuéveg (abstract)

* M abstract KAGON PNOPEL Va Xpnoyonotnbei povo wg
BaolkA KAGon

* (AuTO onuaivel 6TL d€ pNopouv va dnuioupynbouv
QVTIKEIPMEVA TNG OUYKEKPIUEVNG KAGONG.)
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* [leplopifouv TNV KANPOVOUIKOTNTA

- Ol TeENIKEG KAAOELG BE UNOPOUV VO ENEKTABOUV KOl Ol TEAIKEG
HEBOdOI Toug O pnopolv va EavaoploTouv

* [apdadelypa, n KAGoN
java.lang.String
* H Unapén TeEAKwV KAACEWV €ival CNUAVTIKI YO GOQAAELD

- O npoypappaTIOTAG Hnopei va eAEYEEL NANPWGS TN CUMNEPLPOPA
OAWV TWV UNOKAGCEWV (KAl KOTA GUVENELD TWV UNOTUNWY)

NMoAAaTTAR} KANPOVOMIKOTNTA
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MoAAatTAR KAnpovouikéTnTa (multiple inheritance)

* 2¢€ KAnoleg YAWooeg (6nwg n C++) pa KAGon pnopei va
EXEL NEPLOOOTEPEG ANO Mia BACIKEG KAACELG

* [Mapddeypa: €va noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax
MultiFunction

* Em@avelakd, té6oo n onuactoloyia 600 Kal N uAonoinon
@aivovTtal EUKOAEG: N KAGon anAd& KAnpovopei OAa ta
nedia kat TIG HEBOOOUG TWV PACIKWY TNG KAAOEWV
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NMpoBANpa CUYKPOUCEWYV

To mpoéBAnua Tou diapavTiou

* OLOl0QOPETIKEG PACIKEG KAAOELG Eival AOXETEG PETALU
TOUG KaL UNOPEL va pnv €Xouv OXeDIOOTEL £TOL WOTE va
ouvdualovTal

* [ napadetypa, T000 N KAGon Scanner 000 KAl N Fax
HNopei va €xouv opioel pua pEBodo transmit

* To gpwtnua €ival: TL NPENEL va CUUPBEL OTAV KOAECOUPE
N pEB0OO MultiFunction. transmit;
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* M KAGon pnopei va kKAnpovopei and tnv idla Bactkn
KAGON HEOW NEPLOCOTEPWY TOU £VOG povonaTiou
A

B C
D
* Edv n kKAGon A opicel €va nedio x, TOTE TOOO N B 600 KAl

n C €xouv £va

* AnAadn n kAdon D €xeL duo TETOLA NEdIq;
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To poBAnua gival eTIAUCINO, AAAd...

Zwn Xwpig TTOAAATTAR} KANPOVOUIKOTNTA

* M yAwooa nou unootnpifel NOAAANAR KANPOVOULKOTNTA
NPENEL VA €XEL KANOLOUG HNXAVIOUOUG XEPLOMOU auTwV
TWV NPOBANUATWY

* BePaiwg, dev eival 6Aa Ta npofARUATA TOCO NOAUNAOKQ

* 'Ouwg, To Baokd epwTNUa €ivat; Ta NAEOVEKTHUATA NOU
NPOCPEPEL N NOAAANAL KANPOVOUIKOTNTA agifouv Thv
NPOCOETN NOAUNAOKOTNTA OTO OXEBIOOUO TNG YAWOOOG;

* OLoxedlooTeg NG Java ftav (kat givatl) TnG yvwung ot n
NOAAQMAL KANPOVOUIKOTNTA BeV a&ilel TOV KOMO
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* 'Eva nAcoveKTnUa TNG NOANGNANG KANPOVOUIKOTNTAG
eivatl OTL pa KAGon HNopPEi va €XEL APKETOUG
OLOPOPETIKOUG PETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- AuTt6 pnopei va yivel otn Java pe Xprion dlanpoownewy: Hia
KAGoN pnopei va uhonolei Evav aneploploTo aplopod anod
dlanpoowneieg

* 'Eva eninA€ov NnAeovEKTNHA gival n duvaTtoTnTa
KANPOVOWLAG AELTOUPYIKOTNTAG and NOAAANAEG BACIKEG

KAQOEIG
- AuTO gival BUCKOAOTEPO va yivel o€ a yAwooa oav Tn Java
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NMpowOnon (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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NMapaperpikdTNTA HEOCW Generics
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Avutrapéia yevikwv KAdoeswv oTig Java 1.0-1.4

To nponyoupevo Napddelypa KAGonG Stack OpioTNKE WG
Hwa oToifa and oupBoAooEPEG

Katd ouvénela, o€ pnopei va enavayxpnotponotnbel yia
oToiBeg GAwvV TUNWV

2Tnv ML pnopoUcape va XpnoLULOnoIiO0OUE HETABANTEG
TUNWV YO NEPINTWOELG OAV KAl QUTEG:

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

H Ada kat n C++ €xouv KATL napopolo, aAAG éxL n Java
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Zwn Xwpig yevikég KAdoeig oTig Java 1.0-1.4

* Mnopoupe va opicoupe Ui oToifa TNG onoiag ta
OTOLXEla €ival avTIKEIPEVA TNG KAAONG Object

* O TUNOG Object €ival O MO YEVIKOG TUMNOG TNG Java Kat
nepAapBavel OAEG TIG AVAPOPEG

» Katd ouvénela o oplopog HECW TNG KAAONG Object
ENITPENEL OE AVTIKEIHEVA onolacdAnoTe KAGONG va
TonoBeTnBouv otn oToifa

« To napanavw NPooPEPEL KANOLOU £i00UG NOAUOPPLOUO
unoTunwv
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public class GenericNode ({

private Object data;

private GenericNode link;

public GenericNode (Object theData,

GenericNode thelink) {

data
link

}

public Object getData () ({
return data;

}

public GenericNode getLink() ({
return link;

}

theData;
thelLink;

}

Katd mapodporo tpdémo, 6o propodcape va opicovpe tnv
KAdon GenericStack (ko (o GenericWorklist
dwmpoowneia) pe xprion Object o Béon g String
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MeiovekTApaTa

* [0 va avaKTAOOUKE TOV TUMO TOU QVTIKEIWEVOU OTN
oToifa, Ba npénel va xpnolonotjooupe €va type cast:
GenericStack sl = new GenericStack() ;

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

* To napandvw paAAov dgv gival OTL No PIAIKS yia Tov
NPEOYPAUMATIOTH)

» Eniong d¢v gival 6TL o anodoTikd o€ XpOvo EKTEAEONG:
n Java npenet va eAEVEEL KOTA TN OLAPKELA EKTEAEONG
TOU NPOYPANMATOG OTL TO type cast enttpEnetar—dnAadn)
OTL TO QVTIKEIUEVO €ival NPAYHOTL Eva String
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AAAQ JEIOVEKTAMOATO

* OLnpwtdyovol TUNoL NPENEL NPWTA va anodnkeubouv oe
€Va AVTIKEIPEVO €AV BEAOUPE VO TOUG BAAOUPE OE HIa
oToifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer(l));
int i = ((Integer) s2.remove()) .intValue()
* To napandvw €ival eninovo Kat 6xL OTL TO Mo anodOTIKO
* H kAd&on Integer €ival n npokaBoplopEvn KAGoN
nepttUAlypa (wrapper class) yla Toug akepaioug

* Yndpxel pa TETola KAGON yia KABe npwtdyovo Tuno
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Mpayuartikd Generics (Java 1.5, “Tiger”)

* —eKlvwvTag he tn Java 1.5, n Java €xel generics, dnAadn
NOPAPETPIKEG NOAUHOPPIKEG KAAOELG (KL OLANPOCWIEIEG)

* H ouvtagn Toug potadel e tn 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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Xpnoiyotroinon Twv Generics

Stack<String> sl = new Stack<String>() ;
Stack<int> s2 = new Stack<int>();
sl.add("hello") ;

String s = sl.remove() ;
s2.add (1) ;
int i = s2.remove() ;
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Java 1.0 EVAVTI

Java pe Generics

class Stack {
void push(Object o) {

}
Object pop() { ... }
}
String s = "Hello";
Stack st = new Stack():;

st.push(s) ;

s = (String) st.pop():;
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class Stack<A> {

void push (A a) {
}
A pop() { ...}

}
String s = "Hello";
Stack<String> st =

new Stack<String>() ;
st.push(s) ;

s = st.pop ()’
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MNari dev utTAPaV generics oTIG TTPWTEG Java;

* YnApEav apKETEG NPOTACELG VIO ENEKTACN
* 2€ OUPQWVia pE TOUuG Bacikoug okonoug TNG YAwooag

* 'Ouwg “o duapoAog gival 0TI AenNTopEPELES”, ONWG:
- Tunapevepyeleg €xel N UNApPEN generics yla tn dladikaocia
E€AEYXOU TWV TUNWY;
- [Mouog €ival o kaAUTepOg TPOMNOG va yivel n uAonoinon;

* Mnopei n apnpnuévn unxavr) TnG Java va unootnpi€el ta
generics;

* Av val, peEow npoaBetwv bytecodes A pe kanotwov GANO TPOMO;

* Méow EeXxwPLOTOU KWOIKA YIa KABE OTyIOTUNO;

* 'H péow Tou idlou Kwdlka (pe XpAon casts) yia 6Aa ta
OTYOTUNG;

To Java Community proposal (JSR 14) eveouatmdnke ot Java 1.5
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Generics otn Java 1.5 (“Tiger”)

* Y108eTABNKE N oUvTAEN Nou HOALG €idapE

* [lpooTEBnKe autopatn petatponr boxing + unboxing

TL0a ypadoape xwpic auTOpOTH LETATPOTH

Stack<Integer> st =
new Stack<Integer>() ;
st.push (new Integer(12));

int i = (st.pop()) .intValue() ;
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Tiypadouue otn Java 1.5

Stack<Integer> st =
new Stack<Integer>() ;
st.push(12) ;

int i = st.pop();
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O1 TUTTOI TWV generics TnG Java eAéyxovTai

Mapadeiypa: Mivakog KATOKEPMATICHUOU

* M yevik KAGON Hnopei va BeANOEL va XPNOILOMNOLARoEL

AELITOUPYIEG OE AVTIKEIHEVA EVOG TUNOU-NAPAUETPOU
Mapddelypa: PriorityQueue<T> .. if x.less(y) then ..

» AUO0 nIBaveg NPooeyyioeLG:
- C++: Kata 1o Xpdévo ouvdeong (linking) eAéyxeTal To Katd N6CGo
OAeG oL Aettoupyieg pnopouv va enthubolv
- Java: O1 TUnol eAéyxovTal OTaTIKA Kat O XPpelGleTal va Yivel
KAMOLoG €AEYXOG TWV generics Katd To XpOvo oUvOeong
* AuTH n Npocgyylon eNPBAAAEL OTO NPOYPAHUUA VO EXEL
NAnpo@opia yla Tov TUNO TNG NAPAPETPOU
* MNapdadelypa : PriorityQueue<T extends ...>
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interface Hashable {
int HashCode() ;
};
class HashTable <Key extends Hashable, Value> {
void Insert(Key k, Value v) {
int bucket =(k.HashCode() ;
InsertAt (bucket, k, v);

H éxppoon mpémnet va unv metdel ceaipo
KOTA TN 010 01KOGI0 EAEYYOL TOV TUTMOV
Xpnowonowovpe “Key extends Hashable”
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Mapadeiypa: Oupd TrpoTeEPAIOTNTAG

‘Eva teAguTaio Trapddeiypa ...

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

}i
class PriorityQueu extends Comparabl > {

T queuel]; ..
void insert(T t) {

. if (t.lessThan(queue[i])
}

T remove() { .. }

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

}
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

* Alaypaen TUnwv (type erasure)
- O €éAeyxog TUNWV KATA TN HETAPPACN XPNOLLONOLEL TA generics
- 2Tn ouveExewa o compiler anaAAoigel Ta generics HEOW dlAYPAPAG

* AnAadN pPeTayAwTTI(El List<T> Oc List, T O€ Object, Kal
NPOCOETEL AUTOUATEG PETATPONEG TUNWV (casts)

* Ta generics TnG Java d¢gv givat oav ta templates tng C++
- OLdnAwoelg Twv generics eAEyXovTal WG NPog TOUg TUNOUG TOUG
- Ta generics petagpdlovtal Gnag
« Agv AapBavel xwpa kdnola oTyplotunonoinon (instantiation)
* O napayopevog KwdIKaG 6V BIOYKWVETAL
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