MepioodTepn Java

MoAupop@ICHOG UTTOTUTTWYV

Franz Marc, Fate of the animals, 1913

KwoTtAg Zaywvag <kostis@cs.ntua.gr>

Person x;

* Eival To napandvw pia dAAwaon OTL TO x €ival pia avagopd
o€ €Va aVTIKEIUEVO TNG KAAONG Person;

* 'OxL akpBwWG—0 7UM0¢ Person PNOPEL va NEPNAUBAVEL
avVAQOPEG O AVTIKEIPEVA AAAWY KAAOEWV

* Autd d10TL n Java unoatnpilel NOAULOP®IOUG unoTunwv
(subtype polymorphism)
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Meprexépueva

AlatrpoowTreieg (interfaces)

* YAonoinon dwanpoowneiag Twv KAGoEWV
* Enéktaon Twv KAGoEWV

* Enéktaon kat uhonoinon

* [1oAAaNAR KANPOVOMIKOTNTA

* [lapaPETPIKOTNTA HEOW YEVIKWY HEBODWYV (generics)
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» 'Eva npdtuno pedddou (method prototype) anAwg divel To
OVOUa TNG HEBOBOU Kal ToV TUNO TNG—OXL TO CWHA TNG

* M danpoowneia gival pia GuAloyr and npdTuna HEBOdwV

public interface Drawable {
void show(int xPos, int yPos) ;
void hide() ;
}
* M KAGon pnopei va dnAwoet 6TL UAoNOLEL a
OUYKEKPIUEVN dlanpoowneia
* MeTd npénet va napEXeL oplopoUG public HEBOBdWYV OL
onoiot Tapldfouv PE EKEIVOUG TNG dlanpoowneiag
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Mapadeiypara

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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Mati XpnOIJOTTOIOUE SIATTPOCWITEIEG;

* M dlanpoowneia pnopei va uhonolteital and
OlOQOPETIKEG KAAOELG:

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

* To 6vopa TG dlanpoowneiag PNopei va xpnoononosi
WG €vag TUNoG avagopdg:

Drawable d;

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

d = new Oval (20,30) ;
d.show(0,0) ;
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NMoAupop@ICHOG HE SIATTPOCWITEIES

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

* H napandvw pEB0dOG ival NOAUMOPPIKA: N KAGon Tou
QVTIKEILEVOU MOU aVAPEPETAL and TNV NApAPeTPo d dev
eival yvwoTr Katd To Xpovo PETAPPaonGg

* To povo nou gival yvwaoTto eival 6Tl eivatl pia KAdon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable), KOl KOTA OUVENELQ €ival Y KAQON NOU €XEL
HEBGOOUG show Kal hide 0l 0Noieg pnopouv va KAnBouv
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‘Eva 110 oAOKANpwuEVO TTAPAdEIYHA

* H enopevn dagavela deixvel Tn dlanpoowneia puag
KAGoNG Worklist nNou €ival pia cUAAoyr and String
QVTIKEIPEVQ

* H kAGon nepLEXEL LEBOBOUG LE TIG ONOIEG UNOPOULE
- VO NPooBECOUNE €Va QVTIKEIUEVO OTN GUANOYN,

- VO AQALPECOUKE €va QVTIKEILEVO and Tn GUAAOYH, Kal
- va eAéyEoupe KATa NOoo pia ouAAoy €ival Kev
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public interface Worklist ({
/**
* Add one String to the worklist.
* @param item the String to add
4
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

&7

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

4

String remove () ;
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2XOAIa OTIG IATTPOCWTTEIEG

* H Unapén oxoAiwv givat onuavTikn yia pa dlanpoowneia,
OLOTL OEV UNAPXEL KWAIKAG WOTE O AVAYVWOTNG/XPHOTNG
va KaTaAGBeL TL (OKoNEUEL va) KAVEL N KABE HEB0DOG

* Hdwnpoowneia TnG Worklist dev Nnpoodlopidel kanowa
OUYKEKPIUEVN OO 1] TAELVOUNON: KNOPEL Va gival pia
oToifa, pa oupd, f KATL GANO

* ©a TNV UAOMNOLAOOUNE WG OTOIRA, HECW CUVOEDENEVNG
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 theLink) {
data theData;
link = thelink;
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/**
* Accessor for the String data stored in this Node.
* @return our String item
=Y
public String getData() {
return data;

}

/**
* Accessor for the link to the next Node.
* @return the next Node
3/

public Node getLink () ({
return link;

}

}

MepioodTepn Java 12




/**
* 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
x

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 Trapadsiyya XxpRaong

Worklist w;

w = new Stack()

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

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

* 'E€000G: Bag, Pag, Pag, o HNapaockeuvudcq.
* AA\eG ulonoloelg TNG KAGong Worklist €ival niBaveg:
HE XPNon Queue, PriorityQueue, K.Q.
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ETrékTaon TwV KAACEWV

MepioodTepn Java
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Mep1oodTEPOG TTOAUHOPPIOHOG

¢ Oa doupe pa GAAN, nNo NOAUNAOKN NNy NOAULOPPIOHOU
* M KAGon pnopei va napdyetatl ano pua aAAn, KE XpAon
NG AEENG KAEWDI extends

* [a napadelypa: pua KAdon PeekableStack n onoia
elval oav tnv KAGon Stack, aAAG €xeL eniong pa pEBodo
peek nou €E€TAEL TO OTOLKEIO TNV KOPUYPR TNG OTOoIaGg
XWPIG OUWG va TO anopakpuveL 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.
* @Qreturn the top String from the stack
*/

public String peek() {

String s = remove() ;
add (s) ;
return s;
}
}
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KAnpovouikétnta (inheritance)

» Enedr n kKAdon PeekableStack enekTeivel TNV KAGON
Stack, KAnpovopei 6Aeg TIG peBOdOUG Kal Ta nedia NG

* (K&t T€TO0 B€ OUpPaivel pe TIG BlANPOCWNEIEG—OTAV Hia
kKAdon uAonolei pua dlanpoowneia, To HOVO Nou
avoAapBavel ivat pia unoxpewaorn va UAOMOLoEL KAMOLEG
HEBOOOUG)

* EKTOG and KAnpovoukOTNTA, N ENEKTAON TWV KAGOEWV
odnyei Kal o€ NOAUOPPIOUO
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack() ;
sl.add("drive") ;

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

[Ipocéte 6T pio kAnon s1.peek () dev eivan
vouym, tapdro mov N s givar pa ovapopd G
éva avtikeipevo g kAdong PeekableStack.
Ot Aertovpyieg mov emrpénovtal ot Java
kabopilovtal amd 10 GTATIKO TOHTO TNG AVUPOPES
Kot Oyl oo TNV KAGGN TOV OVTIKEUEVO.
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EpwTtnon

* H uAonoinon t™ng pebddou peek dev ATAV N MO
anodoTIKA:

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

}

* [ati 6ev KAVOULE TO NAPAKATW;

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

* To nedio top TNG KAAONG Stack £xel ONAwOEl private
* H kAGon PeekableStack &€ Unopei va To npooneAdoel

« [0 pa no anodoTikr HEB0dO peek, N KAGON Stack
NPENEL VA KOTAOTAOEL TO Nedio top 0paTO OTIG KAAOELG
Nnou TNV €nNeKTeivouv

* AnAadn npénel va dnAwbel wg protected avti ya
private

* 2uvnBing NpoOkAnNon oxeOLOOUOU VIO AVTIKEIUEVOOTPEPEIG
YAWOOEG: NWG 0 OXEBIOOMOG VI Ba KAVEL EUKOAN TNV
€NavayxPnoLonoinon HECW KANPOVOULKOTNTAG
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AAuCideg KANPOVOUIKOTNTAG

* M napaydpevn KAGon pnopei va €xet NOANEG KAGOELG
nou napdyovTtal and auTh

* EkT6G and pia, 6Aeg ot undéAoneg KAACEIG napdyovTal
and kanowa aAAn KAdon

* Edv otov oplopd pag kKAGong dev npoodlopiletal Kanowa
npotacn extends, n Java NnapEXEL pla TETOLR NPOTAON:
extends Object

* H KAGon Object €ival n NpwTtapxlki KAGon Tng Java
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H kAdon Object

* 'OAeg oL KAAoelg napdyovTal, Gueoa r Eppeca, and tnv
NPoKaBoplopéEvn KAAoN Object (EKTOG QUOLKA anod Tnv
kAdon Object)

* 'OAeg ol KAAoEIG KANpOoVOopoUV peBodoug and tnv KAdon
Object, yla napadelypa:

- getClass, €NOTPEPEL TNV KAAON TOU QVTIKEIUEVOU
- toString, ylO HETATPONI TOU QVTIKEWEVOU OE String

- equals, yla oUyKpLON Le GAAQ QVTIKEHEVO

- hashcode, yla unoAoyopod evog akepaiou (int) Nou avtioTow el
aTNV T TOU KWAIKOU KaTakepuaTiopou (hash code) tou
QVTIKEWEVOU

- K.AM.
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YTrepKAAuwn KANPOVvounUEVWY OPICHWV

« Kanoleg @opég pnopei va BEAoupe va enavakabopiooupe
TN AEITOUPYIKOTNTA Hia KANPOVOUNUEVNG HEBOGdOU

* AuTé b€ yiveTal pe Xprion KAnolou €10IKOU KOTOOKEUQOTHA:
€VaG VEOG OPLOPOG HIOG HEBOGDOU aUTOUATA UNEPKAAUNTEL
(overrides) €évav KAnpovOUNUEVO OPLOUO TOU idlou
ovOUATOG Kal TUNou
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Mapdadelypa utrEpKAAUYng

* H kAnpovounuévn pEBodOG toString anAwg ouvoudalel
TO OVOMa TNG KAAONG KAl TOV KWOIKO KATOKEPUATIOHOU
(o€ popr dekaetadikou aplOpouU)

* Apa, 0 napandvw KwdIKAG TUNWVEL KATL oav TO €EAG:

Stack@b3d

* M e®IKA HEBOBOG toString 0TN HEBODO Stack, oav
TNV NOPAKATW, HNOPEL va TUNWOEL €Va MO OIEUKPIVIOTIKO
MAVUHQ:

public String toString() {
return "Stack with top at " + top;

}
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lepapxieg KAnPOVOMIKOTNTAG

* H ox€on KAnpovopIKOTNTAG dnUIOUPYEL pLa lepapxia

* Hepapxia auth gival €va d€vdpo pe pida TNV KAGoN
Object

* 2€ KANOLEG NEPINTWOELG Ol KAAOELG anAWG ENEKTEIVOUV N
Hia Tnv GAAN

* 2& ANM\EG NEPINTWOELG, N LEPAPXIA TWV KAACEWV KOl N
KANPOVOULKOTNTA XPNOWONolouvTal oUTWG WOTE KWOLKAG
nou €ival Kovog yia NepLooOTeEPEG anod pia KAGoeLg va
UNAPXEL HOVO OE HLa Kowvh BAOIKr KAGON
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AUo KAAOELG e TTOAAA KOWVA oToLXEla— AN
Kapia dev elval pa amAr emékTaon tng AAAnC.

public class Label { public class Icon {
private int x, y; private int x, y;
private int width; private int width;
private int height; private int height;
private String text; private Gif image;
public void move public void move
(int newX, int newY) (int newX, int newY)
{ {
X = newX; X = newX;
y = newyY; y = newyY;
} }
public String getText () public Gif getImage ()
{ {
return text; return image;
} }
} }
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O kwdkag kot ta edopéva mou elval kowa
gxouv e€axBel oe pa kown “Baoikn” kKAaon.

public class Graphic {
protected int x,y;
protected int width,height;
public void move (int newX, int newY) {
X = newX;
A4 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 mpéBAnpa oXESIOCHOU

* [MoANEG PopEG GTaV YPAPOULE ToV iB10 KWOIKa Eava Katl
Eavd, OKEQTOMAOTE OTL 0 KWAIKAG AUTOG npEneL va “Byel”
o€ pa ouvaptnon (o€ pia pEBodo)

* ‘Otav ypdyoupe TG idleg peboddoug Eava kat Eavd,
OKEPTOMOOTE OTL KANowa HEB0DOG npEnel va “Byel” o pua
Kowvr] Baolki KAGON

* Onote eival KaAS va KATAAABOULE VwPIG 0TO OXEBIOOUO
Katd Nndoo undpxeL avaykn yla KOWVEG BAOIKEG KAAOELG,
npLv ypaywoupe apKeTO KwOIKA 0 onoiog xpeldletal
avadlopyavwaon
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Y1roTUTrol Kal KAnPOVOMIKOTNTA

* M napaydpevn KAGoN givat €vag unotunog
* And nponyoupevn BIAAEEN:

Evac urroturog ival Eva UmooUVOoAO TwV TIUWYV KAITOLOU TUTOU,
aAda unootnpilel Eva UTEPOUVOAO TWV AELTOUPYLWYV TOU.

» Katd 10 oXedlaop0 TNG lEpapXiag Twv KAGOEWY,

) ) ) IxXrua
NPENEL VA OKEQPTOUOOTE TNV KANPOVOKOTNTO |
TNG AEITOUPYIKOTNTAG TOUG MoAvrAgupo
* ‘Opwg oL “Qualkeg” iepapyieg dev gival navta |
TetpanAevpo

OTL Mo KAaTAAANAO pnopei va undpéel 6oov
a@opd oTnNV KANPOVOUIKOTNTA TWV AEITOUPYIWV Tetpdywvo
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ErékTaon Kal UAotroinon
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EtrékTaon Kail uhotroinon

ATTAEG TTEPITITWOEIG

* OLKAAOEIG HLNOPOUV VO XPNOOMNOLO0UV TIG AEEEIG
KAEIOIG extends KAl implements CUYXPOVWG

* [ KGBe KAGon, n uhonoinon evog cuoThAUATog Java
KpaTdel NANPOYOPIES YIa APKETES IOIOTNTEG, ONWG yia
napadeypa:

;TG dlmpocwneiec Tov VAOTOLEL

T1G ueBOSOVE TOV givorl LTOYPEDUEVT] VO OPIGEL
T1G pefodovg mov opilovrat yio TV KAGoN

ta media mov mepAapPavel n KAGom

BT
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* 'Evag oplopédg pebddou ennpeadet povo to I
» 'Evag oplopdg nediou ennpeddel povo 1o A

* M implements dAwon ennpeadel Ta A kat B

- 'OMec ol dlanpoowneieg npooBETovTaL 0TO A
- 'OAeg oL peBodol Toug npocBETovTal 0TO B

A: 115 dampocmneieg Tov VAOTOLET

: T1g ueBddoVG oL givarl VITOYPEMUEV VO OPICEL
T1G pefddovg Tov opilovtan Yo TV KAGoN

ta edia Tov mePLapPaverl | KAGoN

oW
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H duokoAn TrepitTrTwon

* Muw extends dRAwon ennpeddel OAEG TIG NANPOYPOPIEG:
'OAeg o1 dlanpoowneieg TNG BackAG KAAoNG npooBETovTal 0To A
'OAeg o1 pEBodoL nou unoxpeouTal n Bactk KAGon va opioet
npocBETovTal oto B

'OAeg o1 pEBodol TNG PactkAg KAGoNG npoaBEtovtal oto I

'OAa ta nedia TnG BaotkAg KAAoNG NpocBETovTal 0To A

TG dampocwneiec Tov VAOTOLEL

T1G ueBOSOVE TOV givarl LTOYPEDUEVT VO OPICEL
T1G pefodovg mov opilovrat yio v KAGoN

ta media mov mePAapPaverl | KAGom

POw >
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To TTponyoupEVO TTAPAdEIYHA HOG

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

* H kAGOn PeekableStack £XEL WG:
- A: tn dwanpoowneia Worklist, and kAnpovoud
- B: 11 unoxpewoelg yla uhonoinon Twv peBodwv add, hasMore,
KOl remove, €MNiONG and KANPOVOLLA
- I Tig peBOdOUG add, hasMore, Kal remove, KANPOVOUNUEVEG,
onwg eniong kat tn kA Tou PEB0dO peek
- A: 10 nedio top, nionNg KANPOVOUNUEVO
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Mia paTid oTIg abstract KAAOEIG

TeAikég (final) KAGoEIg Kal péBodol

* [apatnpeiote 6TL TO [ €ival ungepauvolo Tou B: n kKAdon
NPENEL VA €XEL OPLOPOUG Yia OAEG TIG HEBODOUG
» H Java ouvnBwg anattei To napanavw

* OLKAAOEIG pnopouv va anaAAayouv and authv TNV
unoxpéwaon He To va dnAwBouv apnpnueveg (abstract)

* Muw abstract KAdon pnopei va xpnowyonotndei pévo wg
Baotkr) KAGon

* (AuTO onpaivel 6TL &€ pnopouv va dnuoupynbouv
QVTIKEIMEVA TNG OUYKEKPIUEVNG KAAONG.)
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» [leplopifouv TNV KANPOVOUIKOTNTO
- O telikeg KAGOELG Kal pEBodoL &€ pnopouv va EavaoploTouv
* Napddelypa, n KAGonN
java.lang.String
* H Unap&n teAikwv KAAoEWV €ival GNUAVTIKL Y0 ao@AAELD

- O npoypOoupaTIOTAG HNopEel va EAEYEEL MAHPWG TN CUMNEPLYOPA
OAWV TwV UNOKAGCEWV (Kal KOTA GUVENELD TWV UNOTUNWV)

MoAAa1TAR KANPOVOMIKOTNTA
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MoAAatTAR KAnpovouikoTnTa (multiple inheritance)

* X Kanoleg YAwooeg (6nwg n C++) pa KAGon pnopei va
EXEL NEPLOCOTEPEG ANO Hia BACIKEG KAAOELG

* Tapadetypa: €va noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax
MultiFunction

* Enavelakd, Td6oo n onuaactoloyia 600 Kal n uhonoinon
@aivovtal EUKOAEG: N KAAon anAd kKAnpovopei OAa Ta
nedia Kat TIG HEBOBOUG TwV PACIKWY TNG KAACOEWV

Meplooodtepn Java 40




MpoBANpa cuykpoUuoewv

To mpoBAnua Tou diapavTiov

* O 0l0QOpPETIKEG BAOIKEG KAAOELG €ival AOXETEG HETALU
TOUG KAl LNOpPEl va pnv €xouv oXedlaoTel £TOL WOTE Va
ouvdualovtal

* [a napadelypa, T600 N KAGon Scanner 000 Kal N Fax
pnopei va €xouv opioel pa pEBodo transmit

* To epwTnua givat: TL NpEneL va cuppei 6tav KOAECGOUUE
N pEB0OO MultiFunction. transmit;

Meploodtepn Java
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* M KAGon pnopei va kAnpovopei and tnv idla Bactkn

KAGON HECW NEPLOCOTEPWYV TOU £VOG HOVONATIOU
A
B C
D
* Ed&v n kAaon A opilel €va nedio x, TOTE TOOO N B 600 Kal

n C €xouv é&va

* AnAadnf n kAGon D €xel duo TETOLa Nedia;
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EmiAUoIgo TTPpOBANMA, OAAG...

Zwn Xwpig TTOAAATTA KANPOVOMIKOTNTA

* Muw yAwooa nou unootnpifel NOAANAR KANPOVORIKOTNTA

NPENEL VA €XEL UINXAVIOMOUG XELPLOKOU QUTWY TWV
NPOBANUATWY

* BeBaiwg, dev gival 6Aa Ta npoBARpaTa TOOO NOAUNAOKO

* 'Opwg, To BAOIKO EPWTNHA €ivaL: TA NAEOVEKTHLATA NOU

NPOCYEPEL N NOANANAR KANPOVOUIKOTNTA a&iCouv ThV

NPOCOeTN NOAUNAOKOTNTA OTO OXEBIOOUS TNG YAWOOAG;

* Ouoxedlaoteg TnG Java nrav (gival) Tng yvwung ot n
NOAAQNAR KANPOVOULKOTNTA deV a&idel ToV KONO
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* 'Eva NnA€OVEKTNUA TNG NOAAANANG KANPOVOUIKOTNTAG
eivatl 6Tt pua KAGon pnopei va €XeL apkeToug
OlAQOPETIKOUG LETAEU TOUG TUNOUG (n.X. Copier Kal
Fax)

- Auté pnopei va yivel otn Java pe xpAon dlanpoownewy: Hia
KAGon pnopet va uhonolei €évav aneploploTo aplBud anod
dlanpoowneieg

* 'Eva eninA€ov nAeoveEKTNUa €ival n duvatoTnTa
KANPOVOWLAG AEITOUPYIKOTNTAG and NOAAANAEG BACIKEG

KAGOEIG
- Auté eival SuoKkoAdTEPO va yivel o€ pa YAwooa ga th 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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MapapeTpikOTNTA HECW Generics
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Avutrapéia yevikwv KAdoewyv oTig Java 1.0-1.4

To nponyoupevo napadetlypa KAGonG Stack opioTnke wg
Hwa otoifa and cupBoAOCEIPEG

Katd ouvénela, &€ pnopei va enavaypnaoiponoineei yia
oToifeg GAwWV TUNWV

2Tnv ML pnopouoape va XPnOoLLOmnoL)OOUNE HETABANTEG
TUNWV yla NEPINTWOELG OAV KAL QUTEG:

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

H Ada kat n C++ €xouv KATL napdpolo, aAAG 6L n Java
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Zwn Xwpig yevikéG KAAoe€lg oTig Java 1.0-1.4

Mnopoupue va opicoupe pia otoifa Tng onoiag ta
oTolEla €ival avTIKEipeva TNG KAGonG Object

O TUnog Object €ival 0 No YEVIKOG TUNOG TNG Java Kal
nepNapBAvel OAEC TIG AVAPOPEG

Katd cuvénela o oplopog pEow NG KAGong Object
ENTPENEL OE QVTIKEIPEVA 0nolaodAnoTe KAGoNG va
TonoBeTNBoOUV 0TN OToIBa

To napandvw NPooPEPEL KAMOLOU €i60UG MOAUHOPPIOUO
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 mapdpoto tpomo, o pmopovcsaple va opicovpe v
KAdon GenericStack (kat uo GenericWorklist
dwmpoocwneia) e ypnon Object ot 6éon e String
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MeiovekTApaTa

* [0 va avoKTAOOUUE TOV TUMNO TOU AVTIKEIMEVOU OTN
otoifa, Ba npEneL va Xpnowonotrjooupe €va type cast:

GenericStack sl = new GenericStack() ;

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

* To napandvw paAlov dev gival OTL No QIAKOS Y Tov
NPOYPOUUOTIOTH

* Eniong dgv €ival 6TL No anodoTIKd o€ XPOVO EKTEAEONG:
n Java npenet va eAévEel KaTa T OladIKOCIa EKTEAEONG
TOU NpoypappaTog OTL To type cast enttpénetal—dnAadn
OTL TO QVTIKEIPEVO gival NPAYHOTL Eva String
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AAAa peIOVEKTAMATO

* OunpwTtdyovol TUNOoL NPENEL NPWTA Va anobnkeubouv og
€va AVTIKEIPEVO €AV BEAOUPE Va TOUG BAAOULE O€ A
otoifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer(l)) ;
int i = ((Integer) s2.remove()) .intValue() ;

* To napandvw givat eninovo Kat 6xt OTL TO Mo anodoTIKO

* Integer €ival N NPoKaBoplopEVn KAGON NEPITUALYLO
(wrapper class) yla Toug akepaioug

* YnApxel pa TETola KAAon yla Kabe npwtdyovo Tuno
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Mpayuartika Generics (Java 1.5, “Tiger”)

e ZeKwvwvtag pe Tn Java 1.5, n Java €xel generics, dnAadn)
NOPAPETPIKEG MOAULOPPIKEG KAAOELG (Kal dlanpoowneieq)

* H ouvtagn toug powalel 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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XpnoiygoTroinon 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 EVOVTI

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();

54

MNari dev utrAPEav generics oTIg TTPWTEG Java;

* Ynnp&av apkeTEG NPOTACELG VIO ENEKTAON
* 2€ OUPQWVia PE TOUG Bactkoug oKonoug TG YAwooag

* 'Opwg “o d1aBoA0G eival OTIG AENTOPEPELES”, ONWG:
- Tunapevepyeleg €xeL n UNapgn generics yla tn dladikaoia
€AEYXOU TwV TUNWV;
- TMowog €ival o kKaAUTEPOG TPOMNOG va yivel N uhonoinan;

* Mnopei n agpnpnuévn pnxavr TG Java va unootnpitel Ta
generics;

* Av val, péow npoécBetwy bytecodes A pe kanolov dAAo TPOMO;

* Méow EexwploTou KWAIKA yia KABe oTIyloTUNO;

* 'H péow tou idlou Kwdika (pe xpron casts) ya 6Aa Ta
oTypéTuna;

Java Community proposal (JSR 14) incorporated into Java 1.5
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Generics otn Java 1.5 (“Tiger”)

* Yi00etei Tn ouvtagn nou poOAG eidape

* [lpooBETel autdpaTn peTaTponr) boxing + unboxing

T Oa ypadape xwpic autépATN LETATPOMH

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

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

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

int i = st.pop();
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Mn petagppacpéva Slides
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O1 TUTTOI TWV generics Tng Java geAéyxovTal

» A generic class may use operations on objects of a

parameter type

Mapadelypa: 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
* NMopadelypa : PriorityQueue<T extends ...>
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Mapddelypa: TivaOKAG KATAKEPHATIOMOU

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);

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>

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

}

T remove(){ ... }

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




Another example ...

Implementing Generics

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) { ... }

* 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”
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