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MeploodTepn Java

Franz Marc, Fate of the animals, 1913

KwoTtAg Zaywvag <kostis@cs.ntua.gr>

MoAupop@IoHOG UTTOTUTTWV

Person x;

» Eival To napandvw pia dnAwaon 6Tt To x gival pia avagopd
g€ €va aVTIKEIUEVO TNG KAAONG Person;

* 'Oxl aKpBWG—0 TUMOG Person PNopei va neplappavet
AVOQOPEG OE AVTIKEHEVA AAAWY KAGOEWV

* AuTO d10TL n Java unootnpiel NOAUHOPPIOUO UNOTUNWY
(subtype polymorphism)
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Mepiexopeva

Alarpoowrreieg (interfaces)

* YAonoinon dlanpoowneiag Twv KAAoewv

* Enéktaon Twv KAGoEWV

» Enéktaon kat uhonoinon

» TMoAAanAR KAnpovoukoTnTa

* MapapeTPIKOTNTA HECW YEVIKWY HEBADWV (generics)
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» 'Eva npétuno pedédou (method prototype) anAwg divel To
évopa NG peBddoU Kal Tov TUNO TNG—OXL TO OWHA TNG

* M danpoowneia gival pa cuAoyn and npdtuna HeBodwv

public interface Drawable {
void show!{int xPos 4int
VOLU SULUW (L1lL AXOS, Lo

void hide() ;
}

* M kAGon pnopei va dnAwoel 6TL uUAonoLei pia
OUYKEKPIUEVN dlanpoowneia

Do) -
Pos) ;

* MeTd npénetl va napéxel oplopols public pef6dwv ot
onoiol Taptafouv PE EKEiVOUG TNG dlanpoowneiag
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MNapadeiyparta

MaTi XpnoipoTroloUe SI0TTPOCWITEIEG;

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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* M danpoowneia pnopei va uhonoleital and
OLAPOPETIKEG KAAOEIG:

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

* To évopa tng danpoowneiag Hnopei va xpnotponotnoei
wg €vag TUNog ava@opdg:

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@Iopodg UE SIATTPOOWTTEIEG

"Eva 110 OAOKANpwHEVO TTAPASEIYHA

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

* H napandvw pEBodog gival NOAUPOPPIKA: N KAGon Tou
QAVTIKEILEVOU NMOU AVAPEPETAL And TNV NAPAUETPO d dev
eival yvwoTn Katd To Xpovo PETAPPAONG

* To povo nou gival yvwoTo eival 6Tt gival pia KAdon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable), Kal KOTA OUVENELD €ival pia KAGGN Nou €XeL
HeBBdoUG show Kal hide ol onoieg pnopouv va kAnBouv
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* H enodpevn dlagavela deixvel Tn danpoowneia pag
kAdong Worklist nou eival pia cuMoyn and String
avTIKEipEVa

* H kAdon neplExel peBGBOUG LE TIG ONOIEG HNOPOULE

- va NpooBECOUNE €va AVTIKEIUEVO OTN CUAAOYN,

- VO aQalPECOUHE €Va aVTIKEINEVO and T GUANOYT, Kt
- va eAéyEoupe KATA NG00 W CUANOY €ival Kevr

MNeploodtepn Java 8

public interface Worklist {
/*t
* 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

=

String remove() ;
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ZXOAIa OTIG BIATTPOCWITEIEG

* H Unap&n oxoAiwv eival onpavTikn ya pa dlanpoowneia,
O16TL dev UNAPXEL KWAIKAG WOTE O AvVayVWOTNG/XPAOTNG
va KaTaAdBel Tt (okoneUel va) Kavel n kabe peBodog

* Hdwnpoowneia Tng Worklist dev npoadlopidel kanola
OUYKEKPIPEVN OopN A TagvOUNoN: Hnopei va ival pa
atoifa, pa oupd, ) KATLGANO

* ©a TNV UAOMOLOOUHE WG OTOIRA, HECW OUVOEDEUEVNG
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 theLink a link to the next Node
*/
public Node (String theData, Node theLink) {
data theData;
link theLink;

MNepioodrepn Java "

/**
* 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.
=y
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
2

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
2
public String remove () {
Node n = top;
top = n.getLink() ;
return n.getData() ;

}

Mepioodtepn Java 14

‘Eva mapdadeiyya xpnong

Worklist w;

w = new Stack();

w.add ("o Napackevdg.") ;
w.add("Bag, ");

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

* 'EE0doG: Bag, Pag, Pag, o INapaAoCKEUES.
* AN\eg ulonolnoelg TNG KAAoNG Worklist €ival mbaveg:
HE XpAon Queue, PriorityQueue, K.0.
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Emrékraon Twv KAAoewv
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Mep1006TEPOG TTOAUOPPICHOG

* Oa doUpe pia GAAN, No NOAUNAOKN NNYA NOAUHOP@LOLOU
* M kKAGon pnopei va napdyetat anod pia GAAn, ue Xpnon
NG AEENG KAEDi extends

* Ma napadetypa: pia kKAGon PeekableStack n onoia
eivat oav Tnv KAGon Stack, aAAd €xel eniong pa pEBodo
peek nou £EeTALeL TO OTOLXEIO OTNV KOPUPR TNG aTOoiBag
XWPIG OpWG va TO anopakpuvel and auTr)

MNeploodtepn Java 17

/**
* 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.
=Y
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




28/6/2007

KAnpovouikétnra (inheritance)

» Enedn n kAGon PeekableStack enekTeiveEL TNV KAAON
Stack, kKAnpovopei OAeg TIG peBAdoUG Kat Ta nedia TNG

* (K&t tétolo de oupBaivel pe TIg dlanpoowneieg—oTav pia
kAGon uAonolei pa dlanpoowneia, To HOvo nou
avaAapBAavel gival g unoXpEwaon va UAOMOLIATEL KAMOLEG
HeBddoUG)

* EKTOG and KAnpovouIKOTNTA, N ENEKTACN TWV KAGOEWV
0odnyei Kat o€ NOAUUOPPLONO
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack() ;
sl.add ("drive") ;

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

TIpocé&te 6Tt pa kKAMjon s1.peek () dev eivar
vopun, TapoAo mov M sl givor Lo avapopd o
éva avtikeipevo g kKAdong PeekableStack.
Ot Aettovpyieg mov emrpémovtat ot Java
kabopilovtor and 1o oToTikd THTO TG AVAPOPES
Kot Oyt omtd TV KAGOT TOV OVTUKELLEVOD.
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Epwtnon

Atmdavrinon

* H ulonoinon tng pebddou peek dev ATAV N MO
anodoTIKA:
public String peek() {
String s = remove() ;
add(s) ;
return s;

}

» TMati dev KAvOULE TO NOPAKATW;

public String peek() {
return top.getData() ;
}
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* To nedio top TNG KAAONG Stack £xel OnA\wbei private

* H kAdon PeekableStack d€ Hnopei va To NPpooneAAoeL

* TMa pa no anodoTikA pEBodo peek, n kKAGon Stack
NPENEL VO KOTAOTAOEL TO NEdi0 top 0paTod OTIG KAAOELG
nou Tnv enekTeivouv

* AnAadn npenel va dnAwBel wg protected avTi yla
private

*  ZuvnBng NPOKANaOn oXedIOOUOU YIO OVTIKEILEVOOTPEPEIG
YAMDOOEG: NWG 0 OXEBIOOUAG Yia Ba KAvel EUKOAN TNV
£NavaypnoLonoinan HECW KANPOVOUKOTNTAG
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AAuUCideg KANPOVOUIKOTNTAG

H kAdon Object

* Muw napayopevn kAGon pnopei va €xel NOANEG KAGOELG
nou napdyovtatl ané auth

* EkT6G and pia, 6Aeg ot undlotneg KAGOEIG NApAyovVTaL
ano kanowa GAAN kKAdon

» Ed&v otov oplopd pag kAaong dev npoodlopideTal kanowa
npdtaon extends, N Java nap€xel pa TETola npdTaon:
extends Object

* H kAdon Object €ival n npwTtapxIkr KAGon thg Java
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» 'OAeg oL KAdoelg napdyovTal, dueoa i EQPeca, and TNV
npokaBoplopévn KAGon Object (EKTOG PUOIKE and TNV
kAGon Object)

* 'OAeg oL KAGoelg KAnpovopoUv peBodoug anod tnv KAAon
Object, yla napadetlypa:

- getClass, ENOTPEPEL TNV KAGON TOU QVTIKEIUEVOU

- toString, yla HETATPONH TOU AVTIKEIUEVOU OE String

- equals, yla OUYKPLON PE GANQ QVTIKEIHEVT

- hashcode, yl0 UNoAoylopd £vOg akepaiou (int) Nou avTioTolel
TNV T TOU KWSIKOU KaTaKePUATIOHOU (hash code) Tou

QVTIKEWHEVOU
- KAM

Meploootepn Java 24
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Y1repKaAuwn KAnpovounuéVWY opIoHWYV

» Kdnoleg popeg pnopei va BENoupe va enavakabopiooupe
TN AEITOUPYIKOTNTA LA KAnpovounuévng pebodou

* AuUTO g yiveTal Je XpARon KANolou €101koU KAOTAGKEUOOTA:
€vag VEOG OPLOHOG Hag HeBOdoU auTdUaTA UNEPKAAUNTEL
(overrides) évav KAnpovopnuévo oplopd Tou idlou
OVOMOTOG Kal TUnou
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Mapdadeiypa utrepkdAuywng

* H kAnpovopnuévn pEBodog toString anAwg cuvoudadlel
TO 6VOUa TNG KAGONG KAl TOV KWOIKO KATAKEPUATIOHOU
(o€ popen dekaggadikou aplBpov)

* Apa, 0 napandvw KWAIKAG TUNWVEL KATL oav To €ENAG:

Stack@b3d

* M 1Bk p€B0doG toString atn péBodo Stack, oav
TNV NOPOKATW, HNOPEL va TUNWOEL £VA MO OLEUKPIVIOTIKO
pAvupa:

public String toString() {

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

* H oxéon KAnpovokOTNTaG SNUIOUPYEL ia Lepapxia

* Hepapyxia autr givat €va 8€vdpo pe pi¢a Tnv kKAdon
Object

*  X€ KANOLEG NEPINTWOELG Ol KAATELG aNAWG EMNEKTEIVOUV N
Hio TNV GAAN

*  X&€ GA\EG NEPINTWOELG, N lEPAPXia TWV KAACEWV Kal N
KANPOVOUIKOTNTA XPNOHONOoloUvTaL 0UTWG WOTE KWOLKAG
nou givat kowvég yla neplocdTePeG anod pia KAGoelg va
unapxel HOvo o€ Ja Kowvr) Baacikn kAGon
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AUO KAAOELG pe TTOAG Kowd oTotyeioa— oG
Kopia Sev eival pa amhn eméktacn tng AANG.

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

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

(int newX, int newY) (int newX, int newY)

{ {

X = newX; X = newX;

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

return text; return image;

} }
} }
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O kwdKkag kat ta Sedopéva mou eivat Kowd
€xouv e€ayxBeil oe pa kown “Baoikry” kKAaon.

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

» ToAAEG popég 6Tav ypdgoupe Tov Olo KWAKa Eavd Kat
Eavd, OKEPTONAOTE OTL O KWAIKAG aUTOG NpEneL va “Byel”
o€ pla auvaptnon (o€ pia pEBodo)

* 'Otav ypdwoupe TiG idleg peBOdOUG Eava Kat Eava,
OKEPTOHUOOTE OTL KAMNola PEB0DOG npénel va “Byel” o€ a
Kowvr BaolkA KAGon

* Onote eival KAAG va KOTOAGBOULE VwPIG 0TO OXEDIOOUO
KOTA NG00 UNAPXEL aVAYKN YO KOWVEG BATIKEG KAAOELG,
npv ypdyoupe apkeTd KWKa 0 onoiog xpeladeTal
avadlopydvwaon
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Y1roTUTTOoI Kol KANPOVOMIKOTNTA

* M napayépuevn kAdon eivat €vag unotunog
* Anoé nponyouUpevn SLGAEEN:

Evag untotumog eivat éva UTtooUVOAO TwV TIUWV KATTOLOU TUTTOU,
aAAd urtootnpilet Eva uMEPGUVOAD TWV AELTOUPYLWV TOU.

* Kot 1o oxedlaopd tng lepapxiag Twv KAGoEwy,

) ; . IxApa
NPENEL VO OKEPTOPOOTE TNV KANPOVOUKOTNTA |
TNG AELTOUPYIKOTNTAG TOUG MoAvumAeupo
* 'Opwg oL “pUOIKEG” lepapXieg dev eival navta |
TetpanAeupo

OTL N KATAANAO pnopei va undpet baov
agopd oTNV KANPOVOUIKOTNTA TWV AELTOUPYLWDV Tetpéywvo
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Emrékraon kail uAoTtroinon
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EmékTaon kai uhotroinon

* OLKAGOELG HNOPOUV VA XPNOLLOMOLO0UV TIG AEEELG
KAEOId extends Kal implements OUYXPOVWG

* [Ma kGBe kKAGON, n uhonoinon evog CUCTAHOTOG Java
KPaTAEL NANPOPOPIEG VI APKETEG IOLOTNTEG, ONWG YL
napadetypa:

A: TG dwumpocwneieg Tov viomotel
;TG peBodovg oV givar vToype®IEYN Vo opicel
: TG pebodovg mov opilovrar yio v KAdon

> 1w

: to medio mov mepthopPavel n kKAGon
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ATTAég TTEPITTTWOEIG

» 'Evag oplopég pebddou ennpeddet povo to I
* 'Evag oplopog nediou ennpeddel pévo to A

* Muw implements dfAwon ennpeddel Ta A kat B
- 'Oleg ol dlanpoowneieg NpogBETovTal 0TO A
- 'Oleg ol péBodol Toug npoabETovTal oto B

A: TG dwumpocwneieg mov viomotel

B: 115 ueboddovg mov givarl voyxpempévn vo opicet
T g nebodovg mov opifovran yio T kKAdon

A: 10 tedio mov meplapPaver n kKhdon
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H 80okoAn repimTwon

* M extends dRAwaon ennpedlel OAeG TIG NANPOPOPIEG:
- 'Oleg o1 duanpoowneieg TnG Baoikng kKAGong npooBéTovTal oto A

- 'OMeg ol péBodol nou unoxpeoUTal N BacIkA KAAGCN va opioet
npooBétovtal oTo B

- 'OAeg ol péBodol TnG BacikAg KAGong npooBétovtal oto I
- 'Ola ta nedia TG Bacikng kKAGong npoobETovTal 0To A

;TG Sampocmneieg mOv VAOTOLEL
;TG peBodovg oV givar vToype®IEVN Vo opicet
: TG pebodovg mov opilovrar yio v KAdon

> 1w >

: to medio mov mepthopPavel n kKAGon
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To TponyoUHEVO TTaPAdEIYHd Hag

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

* HkAdon PeekableStack £XEl WG:
- A: tn dwnpoowneia Worklist, and kKAnpovould

- B: Tig unoxpewoelg yia uhonoinon Twv peBOdwv add, hasMore,
KOl remove, £NiONG ANd KANPOVOULA

- I Tig yeBAdoUG add, hasMore, Kal remove, KANPOVOUNUEVEG,
6nwg eniong kat tn dikr Tou péBodo peek

- A: To nedio top, €niong KANPovopnuévo

MNeploodtepn Java 36
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Mia paTid oTI§ abstract KAAOEIG

» TMapatnpeiote 6tL 0 I €ival ungpolvoio Tou B: n kKAdon
npénetL va €xeL oplopolg yia OAeG TIG peBddoug
» H Java ouvnbwg anaitei To napandvw

* OLKAGOELG pnopoUv va anaAAayolv and auThyv Thv

unoxpéwaon He To va dnAwBouv agnpnpéveg (abstract)

* M abstract kKAdan pnopei va xpnoponotndei pévo wg

Baaowkr kAaon
* (AuTo onpaivel 6TL &€ pnopouv va dnuoupyndoulv
QVTIKE(UEVA TNG OUYKEKPIUEVNG KAGONG.)
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TeAIkég (£inal) KAdoeIg Kal pEBodol

» TMeplopiouv TNV KANPOVOUIKOTNTA
- OLTeNKEG KAGOELG Kal pEBodOL e Pnopouv va EavaoploTolv
* Mapadetypa, n KAGon
java.lang.String
* H Unapgn TeAKWV KAAOEWV €ival ONUAVTIKA Yo 00QAAEL

- O npoypappaTIoThG HNopei va EAEYEEL NARPWS TN CUMNEPLPOPE
OAWV TWV UNOKAGOEWY (KAl KATG CUVENELD TWV UNOTUNWY)

MoAAatrA KAnPOVOMIKOTNTA
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MoAAatmrAR KAnpovouIKOTNTA (multiple inheritance)

* Zg KANoleg YAWooeG (6nwg n C++) pia KAGon pnopei va
€XELNEPLOCOTEPEG ANO Ui BACIKEG KAAOELG

* Mapadetypa: €va noAupnxavnpa (multifunction printer)

Printer Copier Scanner Fax

MultiFunction

* Emgavelakd, t6oo n onpactoloyia 6go Kat n uhonoinan
@aivovtal eUKOAEG: N kKAGon anAd kAnpovopei 6Aa Ta
nedia kat TIG peBOOOUG TWV BACIKWY TNG KAATEWV
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Mp6BAnua cuykpoUoewv

* OLJ0QOPETIKEG BAOIKEG KAAOELG ival AOXETEG PETATU
TOUG KOl MNOPEL va PNV £X0UV OXEBLOOTEL £TOL WOTE VA
guvdualovTal

* Ma napadetypa, 1600 n KAGon Scanner 600 KaL N Fax
Unopei va €xouv opioel pa pEBodo transmit

* To epwTnpa gival: TL NPENeL va CUPPEL OTav KOAEGOUHE
TN Y€B0d0 MultiFunction. transmit;
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To mpoBAnpa Tou diapavTiou

* M kAGon pnopei va kAnpovopei and tnv dla Baoikn
KAGON HEOW NEPLOCOTEPWY TOU £VOG povonaTiol
A

N

B Cc
D
» Edv n kAdon A opicel €va nedio x, TOTE TOOO N B 600 Kal
n C €xouv &va

* AnAadnA n KAGon D €xel dUo TETOla NEdia;
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EmiAUoIpO TTPORANMA, aAAd...

* M yAwooa nou unoatnpidel NOAAONAR KANPOVOUIKOTNTA
NPENEL VA €XEL UINXAVIOROUG XELPIOUOU QUTWY TWV
nPOoRANUATWY

* BeBaiwg, dev eival 6Aa Ta npofARUaTa T600 NOAUNAOKA

* 'Opwg, TO BAOKO EPWTNHA EivaL: TO NAEOVEKTAOTA NOU
nPOoPEPEL N NOAAANAR KANPOVOUIKOTNTA agiouv TV
npooBeTn NOAUNAOKOTNTA OTO OXEDIAOUO TNG YAWOOOG;

* OL0xedlaoTéG TNG Java ftav (givatl) Tng yvwpng 6TLn
noAAanAr kKAnpovopkdtnTa dev agidel Tov KONo
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Zwn Xwpig TTOAAATTAR KANPOVOUIKOTNTA

* 'Eva NA€OVEKTNUA TNG NOAAANAARG KANPOVOIKOTNTAG
eivat 611 pa kKAGon pnopei va €xetL apkeTolg
Ola@OPETIKOUG HETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- AuTO pnopei va yivel otn Java pe Xpon Slanpoownewwy: pa
kAdon pnopei va uhornolei £évav anepdploTo aplBpod anod
Slanpoowneieg

* 'Eva entnAéov NAEOVEKTNUA €ival n duvaTtoTnTa
KANPOVOULAG AELTOUPYIKOTNTOG and NOAANAEG BAOIKEG
KAGOELG

- AuTO eival SUoKOAOTEPO Va Yivel 0 pia YAwooa oa T 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() ;

}

Meploodtepn Java 45

MapaperpikéTNTa HEOW Generics

Mepioodrepn Java 46

Avutrapéia yevikwv kAdoswv oTig Java 1.0-1.4

* To nponyoupevo napadelypa KAGong Stack opioTnKe wg
W otoifa and oUPBOAOCELPEG

* Kot ouvénela, de pnopei va enavaypnaotponotndei ya
oaTtoiBeg GAAwv TUnwv

* 2Ttnv ML pnopoUoape va XpNOLONOICoUE HETOBANTEG
TUNWV yla NEPINTWOELG AV KAl AUTEG:

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 kKAdoeig oTig Java 1.0-1.4

* Mnopoupe va opigoupe pia oToifa Tng onoiag Ta
aTtolxeia eival avtikeipeva TnG KAGONG Object

* O TUnog Object €ival o no yevikdg TUNog Tng Java kat
nepAappavel OAEG TIG AVAPOPEG

* Kotd ouvénela o oplopdg HECW TNG KAGONG Object
ENTPENEL OE QVTIKEIPEVA 0nolaadnnoTte KAdong va
TonoBetnBolV otn otoifa

* To napandvw npoa@épel Kanolou eid0uUG NOAUHOPPIOUO
unotunwv

Meploootepn Java 48




28/6/2007

public class GenericNode ({
private Object data;
private GenericNode link;
public GenericNode (Object theData,
GenericNode thelink) {
data
link

theData;
thelink;

}
public Object getData() {
return data;

public GenericNode getLink() {
return link;
}
}

Kot mapopoto tpodmo, Oa propovcaie vo opicovpe v
kAGon GenericStack (ko pio GenericWorklist
Swmpocwmneia) pe ypnon Object ot Béon g String
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MeiovekTApOTA

» T va avaoKTACOUPE TOV TUNO TOU AVTIKEILEVOU OTN
atoiBa, Ba npénet va xpnoponoljooupe €va type cast:
GenericStack sl = new GenericStack() ;
sl.add("hello") ;
String s = s1 .remove () ;
* To napandvw paANov dev gival OTL No PIAKO yla ToV
NPOYPAUHATIOTH
» Eniong dev eivat 6TL nto anodoTikd o€ Xpdvo EKTEAEONG:
n Java npénet va eAEVEEL KaTA T Sladikaaia EKTEAEONG

TOU npoypdupatog 6Tt To type cast enttpénetar—dnAadn
OTL TO avTIKEiYeVO ival npdypatt €va String
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AAAQ PEIOVEKTAMOTA

* OunpwTtdyovol TUnoL NpénetL NPWTA va anobnkeubouv oe
€va avTIKeipevo edv B€Aoupe va Toug BAAoupE o€ pia
otoiBa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer (1)) ;

int i = ((Integer) s2.remove()).intValue();

* To napandvw givat eninovo kat éxt 6Tt To Mo anodoTikd
* Integer €ival n npokaBoplopévn KAGoN nePITUNya
(wrapper class) yla Toug akepaioug

* Yndpxel pa TETOa KAGON yia kKaBe npwtdyovo Tuno
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Mpaypartikd Generics (Java 1.5, “Tiger”)

* ZeKkwvwvTtag pe tn Java 1.5, n Java €xel generics, OnAadn
NAPAUETPIKEG NOAUHOPPIKEG KAAOELG (KaL Blanpoowneieg)

* H ouvtagA Toug potddel pe tn olvtagn 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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Xpnoigotroinon 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 évavri Java pe Generics

class Stack { class Stack<A> {

void push(Object o) { void push(A a) {
oo} }
Object pop() { ... } Apop() { ...}

} }

String s = "Hello"; String s = "Hello";

Stack st = new Stack(); Stack<String> st =
new Stack<String>();

st.push(s);
s = (String) st.pop();
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st.push(s) ;
s = st.pop();
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Mari dev utrAPgav generics oTIg TTPWTEG Java;

* YNApEav apKETEG NPOTACELG YIa ENEKTACH
* X€ OUPQWVia pE TOuG Bacikoug akonoUg ThG YAWOOOG

* 'Opwg “o diGBoAog eival 0TI AeNTOUEPELES”, ONWG:
- Tunapevépyeleg €xeL n UNapgn generics yla Tn dadkacia
eAéyxou Twv TUnwv;
- Motog eival 0 KAAUTEPOG TPONOG Va Yivel n ulonoinon;

* Mnopei n apnpnuévn pnxavr) Tng Java va unootnpitel ta
generics;

« Av val, péow npdoBeTwv bytecodes 1 pe kanolov GAAo TpoNo;
* Méow EeXwpLOoTOU KWAIKA YA KABE OTIYHOTUMO;
* 'H péow Tou Blou kWdIka (HE Xprion casts) yla OAa Ta
OoTIYHOTUNG;
Java Community proposal (JSR 14) incorporated into Java 1.5
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Generics oTtn Java 1.5 (“Tiger”)

* Yo0etel Tn olvTagn nou pOAG idape

» [pooBETel auToOpaTN HETATPONN boxing + unboxing

T 6a ypadape xwpig autdpatn petatpony Tiypddoupe otn Java 1.5

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

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

int i = (st.pop()).intValue(); int i = st.pop();
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Mn peragppaocpuéva Slides
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O1 101101 TWV generics Tng Java eAéyxovTai

» A generic class may use operations on objects of a
parameter type
Mopadelypa: PriorityQueue<T> .. if x.less(y) then ..
» Two possible solutions

- C++: Link and see if all operations can be resolved
- Java: Type check and compile generics w/o linking

 This requires programmer to give information about type
parameter

* Mapdadelypa : PriorityQueue<T extends ...>
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Mapdadeiypa: mivaKog KOTOKEPHUATIOUOU

interface Hashable {
int HashCode() ;

}i

class HashTable <Key extends Hashable, Value> {
void Insert(Keyk,/Vai%{

int bucket =(k.HashCode () )
InsertAt (bucket, 2
}
};
This expression must typecheck
Use “Key extends Hashable”
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Priority Queue Example

interface Comparable<I|> { boolean lessThan(l); }

class PriorityQueu@extends Comparable<T>

Tqueue[]; ..
void insert(T t) {
... if (t.lessThan(queueli]) ) ...
}

T remove() { ... }

Why is this form needed? Less: t X t — t is contravariant in t

10



28/6/2007

Another example ...

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) { ... }

Implementing Generics

» Type erasure
- Compile-time type checking uses generics
- Compiler eliminates generics by erasing them
« Compile List<T> to List, T to Object, insert casts

» “Generics are not templates”
- Generic declarations are typechecked
- Generics are compiled once and for all
» No instantiation
» No “code bloat”

MNeploodtepn Java

62

11



