Meploodtepn Java

Franz Marc, Fate of the animals, 1913

Kwothg Zaywvag <kostis@cs.ntua.gr>

MoAUpOPPICHOG UTTOTUTTWYV

Person x;

» Eival to napandvw pia dHAwaon 6TL To x gival pia avagopd
0€ £€Va OVTIKEIUEVO TNG KAGONG Person,;

* 'OxL aKpIBWG—0 TUMOg Person UNopei va nepNapBavel
aAvaQopEG o€ AVTIKEIpEVA AAAWY KAGOEWY

+ Autd d16TL n Java unootnpidel NOAUHOPPIOHO unoTUnwv
(subtype polymorphism)
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Mepiexdpeva

AlatrpoowTreigg (interfaces)

* YAonoinon dlanpoowneiag Twv KAAGEWV
» Enéktaon Twv KAGoEWV

» Enéktaon kat uhonoinon

+ [MoAAanAr KAnpovopkoTnTa

* MapapeTpkdTNTA HEOW YEVIKWV PEBOOWYV (generics)
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+ 'Eva npétuno pebddou (method prototype) anAwg divel To
ovopa Tng peBOOOU Kal Tov TUNO TNG—OXL TO CWHA TNG

* M duanpoowneia givat pa guAloyn and npdtuna Pebodwv

public interface Drawable {
void show(int xPos, int yPos) ;
void hide() ;
}
* M kKAGon pnopei va dnAwoel 6Tt UAonolel pla
OUYKEKPLUEVN dlanpoowneia
* MeTd npénel va napéxel oplopols public HeBOdWY oL
onoiot Talptadouyv pe ekeivoug TnG dlanpoowneiag
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Mapadsiypara

MaTti xpnoi1poTToloUuE SIHTTPOCWITEIEG;

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 dlanpoowneia pnopei va uhonoleital and
OlAPOPETIKEG KAAOELC:

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

* To 6vopua Tng dlanpoowneiag pnopei va xpnotponotndei
WG €vag TuNog avagopda:

Drawable d;

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

d = new Oval (20,30);
d.show(0,0) ;
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MoAUpOPPICHOG E DIATTPOCWITEIEG

"Eva o oAokAnpwpuévo Tapdadsiypa

static void flashoff (Drawable d, int k) {
for (int 1 = 0; i < k; i++) {
d.show(0,0) ;
d.hide() ;
}
}

* H nopandvw pEBodog eivat NOAUHOP@IKA: N KAAon Tou
QAVTIKEEVOU NOoU avapepeTal and tnv NapapeTpo d dev
eival yvwoTr) Katd 1o XpOvo HETAPPACNG

* To pévo nou ival yvwaoTto eival 6Tl gival pua KAGon nou
uMonolei Tn dlanpoowneia Drawable (implements
Drawable), KOl KOTG OUVENELD €ival pia KAGON nou €xet
HeBEBoUG show Kal hide ol onoieg pnopouv va kAnBouv
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» H enodpevn dagavela deixvel Tn dlanpocwneia pag
KAGONG Worklist nou €ival pia guAoyn ané String
QVTIKEipEVA

* H kAdon nepiExel peBOGdOUG LE TIG onoieg pnopoUpe

- VO NPOOBECOUNE VO QVTIKEIUEVO 0T GUANOYA,
- VO 0QALPECOUE VO AVTIKEIUEVO anoO T GUAAOY, Kal
- va eAéyEoupe KaTA NOCO Lia CUANOYH gival Kevh
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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

S
boolean hasMore() ;

/**

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

=Y

String remove() ;

Mepioodtepn Java 9

ZXOAIa OTIG DINTTPOOWITEIEG

* H Unap&n oxoAiwv gival ocnUavTiKA yia pa dlanpocwneia,
O16TL Oev UNAPXEL KWOLKAG WOTE O AVAYVWOTNG/XPNOTNG
va KOTOAGBEL TL (OKkoNeUEL va) KAVEL N KABE pEB0SOG

* H dwanpoowneia tng Worklist dev npoadlopilel kanola
OUYKEKPLUEVN dopr ) Tagvopnaon: Hnopei va givat pua
oToifa, pa oupd, A KATL GANO

* ©Oa TNV UAOMOIACOUNE WG OTOoIiRa, 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
=Y
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
4
public String getData() {
return data;

}
/**

* Accessor for the link to the next Node.
* @return the next Node
=/
public Node getLink() {
return link;
}
}

MepioodTepn Java 12




/**
* A Stack is an object that holds a collection of
* Strings.
S
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
ay
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
2
public String remove() {
Node n = top;
top = n.getLink() ;
return n.getData() ;

}

Mepioodtepn Java 14

‘Eva rapddeiypa xpong

Worklist w;

w = new Stack();

w.add ("o Hapaokeudg.") ;

w.add ("Bag, ");

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

+ 'E€000G: Bag, Bag, Pag, o NAPpAoKREUAG.
* AN\eg ulonolnoelg TNG KAAoNG Worklist gival niBaveg:
HE XPON Queue, PriorityQueue, K.Q.
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EmrékTaon Twv KAGoewv
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Mep1o0c6TEPOG TTOAUMOPPICHOG

* Oa doUpe [a AAAN, Mo NOAUNAOKN NNy NOAULOPPLOHOU
* M kAdon pnopei va napayetat and pa GAAn, e xpron
NG AEENG KAEWDi extends

» lNa napadetypa: wa kKAdon PeekableStack n onoia
eival oav TNV KAGon Stack, aAAG €xeL eniong pa HEBodO
peek nou €EeTAleL TO OTOLKEIO OTNV KOPUPA TNG OTOIRAG
XWPIG OLWG va TO ANOUOKPUVEL anod auTr
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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.
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;

}

}
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KAnpovouikétnTa (inheritance)

» Enedn n kKAGon PeekableStack enekteivel TNV KAGON
Stack, kAnpovopei OAeg TIg peBOGdOUG Kal Ta Nedia TNG

* (Katt t€Tolo de oupBaivel pe TG dlanpoowneiec—oTav pa
kAdon ulonolei pia dianpoowneia, To pévo nou
avaAapBavel givatl pa unoxpEwan va UAOMOLAOEL KAMNOLEG
Heb6d0UG)

* EKT6G ané KAnpovouIKOTNTA, N ENEKTACN TWV KAAGEWV
0dnyei kaL og NOAUHOPPLOHO
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack() ;
sl.add("drive") ;

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

Ipocéére 6T o kKAon s1.peek () dev etvar
Vo, mapodro mov M s1 givol g avopopd o
éva avtikeipevo g kAdong PeekableStack.
O1 Aettovpyieg mov emttpémovtol ot Java
kaBopilovtar 0md T0 GTOTIKG TOTO TNG AVOPOPAS
Ko Oyl omd TV KAGGT TOV OVTIKELEVOL.
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Epwrtnon

* H ulonoinon tTng pedddou peek dev NTAV N No
anodoTIKA:

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

}

* NoTi dev KAVOUPE TO NAPOKATW;

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

» To nedio top TNG KAGONG Stack £xel ONA\wOel private
* H kA\don PeekableStack &€ unopei va To npooneAdoel
+ Mo pa no anodoTikA pEBodo peek, N KAGoN Stack

NPENEL VA KOTOOTAOEL TO NEdi0 top opatod OTIG KAATELG
nou TNV €NeKTeivouv

» AnAadr npénetl va dSnAwBel wg protected avTi yla
private

* 2uvABNG NPOKANGN OXESIOOUOU YIO AVTIKEWEVOOTPEPEIG
YAWOOEG: NWG 0 OoXedIAoUOG Ba KAveL EUKOAN TNV
enavaypnotponoinon Hebodwv PECW KANPOVOULKOTNTOG
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AAucideg KAnpovouIkoTnTOG

* M napaydépevn KAGon pnopei va €xel NOANEG KAAOELG
nou napdyovTtal and auth

» EkTOG and pia, 6Aeg ol undAoneg KAACELG NapdyovTal
ano kanota GAAN KAGoN

» Edv otov oplopd pag kAdong dev npoadlopiletal kanow
npoToon extends, n Java NnopEXEL a TETola NPOTAON:
extends Object

* H kAd&on Object gival n npwtapxikA kKAdon tng Java
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H kAdon Object

» 'OAeg ol KAAoEIG napayovTal, AUeda A EQUPeTa, anod TNV
npokaboplopévn KAGon Object (EKTOG YUOIKA and TNV
kAdon Object)

* 'OAeg ol KAAoEIG KAnpovopoUv pebBoddoug and tnv KAdon
Object, yia noapddelypa:

- getClass, ENOTPEPEL TNV KAAON TOU QVTIKEIUEVOU

- toString, yl0 HETATPOMN TOU QVTIKEIUEVOU OE String

- equals, ylo oUyKpLON pe GAAQ QVTIKEpEVA

- hashcode, yl0 UNOAOYIOUO £VOG OKEPAIOU (int) MOU AVTIOTOIKEL

oTNV TN Tou KwdKoU KatakeppatiopoU (hash code) Tou
QAVTIKEPEVOU

- K.An.
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YrepkaAuwn KANPOVOUNHEVWY OPICHWYV

» Kdnoleg @opeg pnopei va BENoupe va enavakabopiooupe
TN AELTOUPYIKOTNTA pa KANPOVOUNUEVNG PeBddou

* AuTO O¢ yiveTal pe Xpron KANowou €18IKOU KATAOKEUAOTH):
£V0G VEOG OPIOROG MG HEBGBOU QUTOHOTA UNEPKAAUMTEL
(overrides) évav kAnpovounuévo oplopd Tou idlou
0ovOUOTOG KAl TUNou
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Mapadelypa utTrEPKAAuWwng

* H kAnpovopnuévn peBodog toString anAwg ouvoudlel
TO OVOHQ TNG KAAONG KAl TOV KWOIKO KOTOKEPUATIOHOU
(o€ popyn dekaetadikou aplOpoU)

* Apa, o noapandvw KWOLIKAG TUNWVEL KATL oav To €ENG:

Stack@b3d

* Mia €0k p€B0d0G toString otn pEBOdO Stack, oav
TNV NAPAKATW, LNOPEL va TUNWOEL £VA MO BIEUKPIVIOTIKO
HAvVUpa:

public String toString() {

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

* H oxéon kAnpovoukdTnTag dnpioupyei a lepapxia

* Hepapxia autn givat €va d€vdpo e piCa Tnv KAGon
Object

+ Ze KANoLlEG NEPINTWOELG OL KAATELG anAWG ENEKTEIVOUV N
Hia Tnv GAAN

* X GAAEG NEPINTWOELG, N lepapXia TwV KAACEWV Kal N
KANPOVOUIKOTNTA XPNOOoNolouvTal OUTWGS WOTE KWOLIKAG
nou givat Kowvég yla NneplocoTepes anod pia KAGoEIG va
undpxel pévo o€ pia KovA Bacikr KAGGn
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AUO KAAOELG e TIOANA KOWVA oToLXEl0— AN
Koo ev gival pua amAn enéktaon 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 = newY; y = newY;
}
public String getText () public Gif getImage()
{ {

return text; return image;

} }
} }
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O kwbkag Kat Ta Sedopéva mou eival kowa
€xouv e&axBel oe pia kown “Bactkn” kKAGon.

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

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 rpoBAnua oxediacuou

» [MoAAEG popég bTav ypdgoupe Tov dl10 KWAKa Eava Kat
Zavd, oKeEQTONAOTE OTL 0 KWOKOG QUTOG NpEneL va “Byel”
o€ o ouvaptnon (o€ pia pEBodo)

+ 'Otav ypdyoupe TIG idleg pebddoug Eava Kat Eavd,
oKe@TOUaoTe OTL KANola pEBodOG NpeneL va “Byel” oe Lo
KOWVA Baotkr KAGon

* Onote eival kahd va KaTaAdBoupEe vwpig 0To OXEDIOOUO
KaTé N600 UNApyEL AVAYKN YA KOWVEG BACIKEG KAAOELG,
npLV YPAYOULE APKETO KWOLKA 0 0Moiog XpeldaleTal
avadlopydvwaon
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Y1roTumrol Kai KAnpovouikoTnTa

* M napayépevn kKAGon gival €vag unotunog
* Andé nponyoupevn dIAAEEN:

Evag urtotumog eivat éva UTOOUVOAO TwV TIUWV KATTOLOU TUTTOU,
aAda urtootnpilel Eva UMEPTUVOAD TWV AELTOUPYLWVY TOU.

+ Katd to oxedloopod tngG lepapxiag Twv KAAoswy,

) ) . Ixfiua
NPENEL VO OKEPTOUOOTE TNV KANPOVOUIKOTNTA ‘
NG AEITOUPYIKOTNTAG TOUG NoAUTAsupo
* 'Opwg oL “Qualkeg” iepapxieg dev eival navta |
TetpamnAeupo

OTL Mo KAaTtAAANAO pnopei va undpgetl 6oov
aQopd OTNV KANPOVOUIKOTNTO TWV AEITOUPYLWOV Tetpaywvo

MNeplooo6tepn Java 31

EmrékTraon kai uhotroinon
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EmékTaon kai uhotroinon

* O KAAOELG LNOPOUV VA XPNOLLOMNOL|O0UV TIG AEEEIG
KAEWOIG extends Kal implements OUYXPOVWG

» [a k&Be kKAGon, n uhonoinon evég cuoTrpaTog Java
Kpatdel NANpoopieg yia apKETEG IOIOTNTEG, ONWG Yia
nopAadeLypa:

A: 115 drampoowneieg mov viomotel

B: 115 nebddovg mov eivor vroypempévn va opicet
I': g pebodovg mov opifovran yo v KAdon

A: 1o medio mov mepthapfavet  KAdon
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ATTAEQ TTEPITTTWOEIG

» 'Evag oplopog peBodou ennpeddlel povo to I
» 'Evag oplopog nediou ennpedlet povo 1o A

* Mo implements drAwon ennpedlel Ta A kat B

- 'OlAeg ol danpoowneieg npooBETovVTAL OTO A
- 'OMAeg ol péBodol Toug npooBETovTal ato B

I TIG S0MPOCMTELES TTOV VAOTOLEL

: 116 uebddovg mov opifovran yio v KAdon

A
B: 115 nebddovg mov eivor voypempévn va opicet
r
A: 1o medio mov mepthapfavet  KAdon
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H dUokoAn mrepimTwon

* M extends diAwaon ennpedlel OAeG TIG NANPOPOPIEG:
- 'OMAeg ol danpoowneieg TG Bacikng KAGong npoobétovTtal oto A
- 'OAeg ol pEBodot nou unoxpeouTal N BacikA KAGON va opioel
npooBétovtal oto B
- 'OAeg ol péBodot TnG BaaikAg kAdong npoaBétovtatl oto I
- 'Oha ta nedia Tng Baoikng KAGong npooBETovTaL 0TO A

! TIG S0MPOCMTEIES TTOV VAOTOLEL

115 HeBddovg mov givar vIoypE®UEVT VA OpicEL
: 116 nefddovg mov opifovran yio v KAGoN

: 70, media Tov mephapPavel n KAdon

B aw
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To TrponyoUpEVO TTApAdEIYUA HOg

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

* H K)\cxor] PeekableStack £XEl WG:
A: Tn dlanpoowneia Worklist, and kAnpovopa

- B: TIG unoxpewaoelg yia uAonoinon Twv PeBOdwv add, hasMore,
KOl remove, €NiONG and KAnPovopLa

- I TG peBBdoUG add, hasMore, KOl remove, KANPOVOUNUEVEG,
6nwg eniong kat Tn dikr TG HEB0do peek

- A: 1o nedio top, eniong KAnpovopunuévo
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Mia paTtid oTIG abstract KAAOEIG

TeAikég (£inal) kKAdoeig Kal péBodol

* Mapatnpeiote 6TL To I €ival unepalvolo tou B: n kAdon
npeneL va €xeL 0pLopoUG yia OAeg TIG peBOOOUG
» H Java ouvnBwg anattei To napandvw

» OLKAAoELG pnopouv va anaAhayouv and auThyv TV
unoxpPEWaON UE TO va dnAwBoUv apnpnuEveg (abstract)

* M abstract kKAGon pnopei va xpnoonotndei pévo wg
Baoikr KAGon

* (Autd onpaivel 6TL O pnopouv va dnuoupyndolv
QAVTIKEPUEVA TNG OUYKEKPLUEVNG KAGONG.)
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» [MeplopiCouv TNV KANPOVOKOTNTA

- OLTeNIKEG KAAOELG Kal pEBodOL de pnopolv va gavaoplotolv

* Mapadeypa, n kKAaon

java.lang.String

* H Unap&n teAikwv KAGoEWV €ival onNUAvTIKN yia ao@AaAela

- O npoypappaTIOTAG Hnopel va eAéyEel NARPWG TN CUUNEPLPOP
OAWV TWV UNOKAACEWV (KOl KOTG CUVENELD TWV UNOTUNWY)

MoAAaTTAR} KANPOVOMIKOTNTA
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MoAAatrAl KAnpovouikéTnTa (Multiple inheritance)

» Ze Kanoleg yYAwooeg (6nwg n C++) wa kAdon pnopei va

£XEL NEPLOCOTEPEG ANO Hia BACIKEG KAATELG

* Mapadetypa: Eva noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax
MultiFunction

+ Enmavelokd, t6co n onuaactoloyia 600 Kat n uhonoinon

@aivovtal eUKOAEG: n KAGon anAd kKAnpovopei 6Aa Ta
nedia Kat TIg peBodoug Twv BaoKwy TG KAAGEWV
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Mpo6BAnua cuykpoUuoewyv

To mwpoéBAnpa Tou diapavTtioU

* O JIaPOPETIKEG BATIKEG KAATELG €ival AOXETEG HETALU
TOUG Kal UNOpEei va pnv £X0uv oXedLOOTEL £TOL WOTE VA
ouvdualovtal

* lNa napadelypa, TG0 N KAACN Scanner 600 KAl N Fax
pnopei va €xouv opioel o pEB0do transmit

* To epwtnua eival: TL Npénel va cupBel 6tav KaAAEGouUE
TN HEB0do MultiFunction. transmit;
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* M kA&on pnopei va kAnpovopei and tny idla Baoikn

KAGON HEOW NEPLOCOTEPWY TOU EVOG LOVONATIOU
A

N

B Cc

N

* Edv n kAGon A opiel €va nedio x, TOTE TOOO N B 600 Kal

n C €Xouv &va

» AnAadr n KAGon D €xel dU0 TETOLA NEdia;
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To wpoéBAnpa gival eTIAUGIMO, GAAG...

* M yAwooa nou unoatnpeifet noOANanAAR KANPOVOUIKOTNTA
NPENEL Va £XEL PNXOVIOUOUG XEPLOHOU aUTWV TWV
npoBANUaTWY

* BePaiwg, dev gival 6Aa Ta npoBARaTa TOGO NOAUNAOKO

* 'Opwg, 1o Bacikd epwTNHa €ival Ta NAEOVEKTHATA NOU
npoo@epeL N NOANANAAR KANPOVOUIKOTNTA a&ifouv TNV
nPOcBeTN NOAUNAOKOTNTA 0TO OXESIOOUO TNG YAWCOAG;

* OLoxedlaoTég TnG Java ftav (givatl) Tng yvwpung oTLn
noAAanAf kAnpovoukdtnta dev agidel Tov KOMo
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Zwn Xxwpig TToAAATTAR] KANPOVOMIKOTNTA

» 'Eva nA€OVEKTNUA TNG NOANANAAG KANPOVOLIKOTNTAG
elval 6TL L kKAGon pnopei va £xeL apketoug
OLAPOPETIKOUG PETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- Autd pnopei va yivel otn Java pe Xprion dlonpoownelwy: Jia
kAGon pnopei va uhonolei évav anepldploTto aplBpé and
dlanpoowneieg

+ 'Eva emnAéov nAeoveKTNUa gival n duvatotnTta
kAnpovouldg AEIToupyIKOTNTAG and NOANANAEG BATIKEG
KAdoEIG

- AuTé eival SuokoAdTEPO va yivel o€ a YAwooa oav 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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MapaperpikdTNTa pHEOCW Generics
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Avutrapéia yevikwv kKAdoswyv oTig Java 1.0-1.4

» To nponyoUpevo napddetypa KAAoNG Stack opioTnke wg
Ja otoifa andé oupBoAoaElpEG

+ Kata ouvénela, g pnopei va enavaypnaotonondei yia
otoifeg dAwv TUNwv

* Ztnv ML pnopoucape va XpnoonowjooupE HETABANTESG
TUNWV YO NEPINTWOELG GAV KAl AQUTEG:

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

* H Ada kat n C++ €xouv KaTL napoépolo, aAAd éxin Java
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Zwn Xwpig yevikég KAdoeig oTig Java 1.0-1.4

» MnopoUpe va opigoupe pia otoifa Tng onoiag Ta
atolxeia eival avTikeipeva TNG KAGONG Object

* O T1Unog Object €ival 0 Mo yeVIKOG TUNOG TNG Java Kat
nepAapBavel OAeG TIG AvVAPOPES

+ Katd ouveneia o oplopog HECW TNG KAAONG Object
ENITPENEL OE AVTIKEILEVA onolaadrnote KAdong va
TonoBetTnBouv atn aToifa

* To napandvw NPoo@EPeL KANOOU €i00UG NOAULIOPPLOUO
unotunwv
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public class GenericNode {
private Object data;
private GenericNode link;
public GenericNode (Object theData,
GenericNode thelink) {
theData;
thelink;

data
link
}
public Object getData() {
return data;
}
public GenericNode getLink () {
return link;

}

}

Katd mapopoto tpoémo, Ba pnopodoape vo opicovpe v
KAGon GenericStack (ko g GenericWorklist
Sdwmpoownein) pe xpron Object ot Béon g String
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MeiovekTApaTa

» a va avakthooupe Tov TUNO TOU AVTIKEIUEVOU OTN
otoifa, Ba npEnel va xpnotponoujooupe €va type cast:
GenericStack sl = new GenericStack() ;

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

* To napandvw pédAAov dev gival 6Tt No QIAKO yia ToV
NPOYPAUUOTIOTH

» Eniong d¢ev €ival 6T1 no anodoTikd Og XpOVO EKTEAEDNG:
n Java np€net va eAEVEEL KOTA T OLAPKELD EKTENEDNG
TOU NPOoypPAPATOG OTL TO type cast enttpéneTal—onAadn)
OTL TO QVTIKEIPEVO €ival NpAyaTL €va String
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AAAa peIOVEKTAMATA

* Ounpwtdyovol TUNOL NPENEL NPWTA VA anobnkeubouv og
€va avTIKeipevo eav BEAoupEe va Toug BAAoupe og pia
otoifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer(l));
int i = ((Integer) s2.remove()).intValue() ;
* To napandvw eival eninovo kat 6t 6Tt TO Nlo anodoTIKO
* Integer €ival N npokaBoplopévn KAGon neptUAyua
(wrapper class) yla Toug akepaioug
* Yndpxel pa TETola KAAoN yia kaBe npwtdyovo Tuno
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MpayuaTtika Generics (Java 1.5, “Tiger”)

* ZekwvwvTag pe tn Java 1.5, n Java €xel generics, dnAadn)
NAPAUETPIKEG NOAULOPPIKEG KAAOELG (Kat SLONpOoCcwNEES)

* H ouvtagn toug powadel pe 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 EvavrTi Java pe Generics

class Stack { class Stack<A> {

void push (Object o) { void push(A a) {
} }
Object pop() { ... } Apop() { ...}
} }
String s = "Hello"; String s = "Hello";
Stack st = new Stack(); Stack<String> st =

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

s = (String) st.pop(): s = st.pop();
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Marti dev utrApPgav generics oTIg TTIPWTES Java;

* YnApEav apKeETEG NPOTACELG YA ENEKTACN
* Xg gupguwvia pe Toug Baaikoug okonoug TG yYAwooag

* 'Opwg “o daBolog eival oTIG AenTopEPELES”, ONWG:
- Tunopevépyeleg €XeL n UNapgn generics yla Tn dladikagia
€AEYXOU TWV TUNWV;
- [MMolog eival 0 kKaAUTEPOG TPOMOG va yivel n uAonoinon;
* Mnopei n agnpnuévn pnxavr) Tng Java va unootnpigel Ta
generics;
* Av val, péow npdoBetwy bytecodes 1 pe kdnolov GANO TPOMNO;
* Méow EeXwploTou KWBIKA Y KAOE OTIYUIOTUNO;
* 'H péow Ttou idlou kKWdKa (HE xpron casts) ya 6Aa Ta
oTyéTUNa;

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

» YwoBeteital n ouvtagn nou poAG eidape

* [MpooTtiBeTal autdépatn petatponr| boxing + unboxing

T 0a ypadape xwpig autdpatn peratpornty Tuypadoupe otn Java 1.5

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

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

int i = (st.pop()) .intValue(); int i = st.pop():
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O1 TUTTOI TWV generics Tng Java gAéyxovral

* M yevikr KAGon pnopei va BEARCEL va XpnOONoLA oL
Aertoupyieg oe avTikeipeva evog TUNOU-NAPAPETPOU
Mapddelypa: PriorityQueue<T> .. if x.less(y) then ..

+ AUo mbaveg npooeyyioelg:
- C++: Katd 1o xpdvo ouvdeang (linking) EAEyxeTal To KATA NG00
OAeg ol AetToupyieg pnopouv va entAubolv

- Java: Ot TUnot eAéyxovTal OTATIKG Kal Oe XpelddeTal va yivel
KANoLog €AeyX0G TwV generics Katd to xpdvo ouvdeang
* AuTr n Npoo€yylon eNBAAANEL OTO NPOYPALHA VO EXEL
nAnpogopia yia Tov TUNo TNG NAPARETPOU
* Mopddelyua : PriorityQueue<T extends ...>
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Mapddeiypa: Mivakag KATAOKEPHUATIOMOU

interface Hashable {
int HashCode() ;
};
class HashTable <Key extends Hashable, Value> {
void Insert(Key k, Value v) {
int bucket =
InsertAt (bucket, k, v);

}
}:
H éxppoaon mpénet va unv metdel opdpa
KOTA TN S10dtKaoio EAEYYOL TV TOTOV
Xpnowonoovpe “Key extends Hashable”
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Mapddeiypa: Oupd TpoTEPAIOTNTAG

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

};
class PriorityQueu extends Comparabl > {

T queuel];
void insert(T t){

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

T remove() { .. }

‘Eva TeAeuTaio Tapdadeiyua ...

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

+ Alaypa@r Tunwv (type erasure)
- O éAeyxog TUNWV KOTA TN HETAPPOAON XPNOIHONOLEl Ta generics
- XTn ouvéxela o compiler anaAAoigel Ta generics HECW dlayPOAPAG
* AnAadA petayAwTTidel List<T> oc List, T 0t Object, Kal
NPooBETEL QUTOUATEG PETATPONEG TUNWY (casts)

» Ta generics Tng Java d¢v eival oav Ta templates tng C++
- O1dnAWoEeLg TwV generics EA&yXoVTal wg NPOG Toug TUNOUG TOUG
- Ta generics petagpadovral anog
« Agv AapBdvel xwpa kanowa atypotunonoinan (instantiation)
* O napayOpevoG KWBIKOG eV SIOYKWVETAL
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