[MeploooTeEPN Java

NMoAupop@Ioudg UTTOTUTTWYV

Franz Marc, Fate of the animals, 1913

KwoTrg 2aywvag <kostis@cs.ntua.gr>
Nikog lNatraoTrupou <nickie@softlab.ntua.gr>

Person p;
» Eival To napandvw pa dnAwon 6TL To p €ival pia avagopd
O€ €va AVTIKEIPEVO TNG KAAONG Person;
* 'OxLakplBwg — 0 7UMo¢ Person pnopei va nephapBavel
AVAQPOPEC OE AVTIKEIHEVA AAAWV KAAOEWV

* AUTO d10TL n Java unootnpilel MOAULOP@IOKO UnoTunwy
(subtype polymorphism)
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Mepiexédpeva

* YAonoinon dlanpoowneiag Twv KAAoewyv
» Enéktaon tTwv KAdoswv

* Enéktaon kat uhonoinon

* [ToAAaNAR KANPOVOULIKOTNTO

* [TapAPETPIKOTNTA HEOW YEVIKWY PEBODdWYV (generics)
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AlatrpoowTreieg (interfaces)

* 'Eva npwtotuno pebodou (method prototype) anAwg divel
TO Ovopa TNG HEBBBOU Kal Tov TUNO ThG — OXL TO CWHA TNG

» Oudlanpoowneieg eivat GUAOYEC and NPwTOTUNA HEBOdWV

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

}

* M kAGon pnopei va dnAwaoel 0TL uAonolei pia
OUYKEKPLILEVN dlanpoowneia

* Metd npEnel va NapEXEL OPIOUOUG public PeBOdwWY oL
onoiot Talplalouyv PE EKEiVOUG TNG dlaNPOoowWNEiag
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Mapadeiypara

MNati XpNOINOTTOIOUUE SIATTPOCWTTEIEG;

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

}
public void hide() {

<. OO0 THS HEOOIOD ...
}

... TEPLOGOTEPES EBoO1 KaL TEedIa. ...

}

public class Square implements Drawable, Scalable {
<. TIPETEL VO, VAOTIOLET OAEG TIG HUEBOIOVE OAWV TWV OLATPOTWTEIDV ...

}
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* M dlanpoowneia pnopei va uhonoleitat and NoAAEG
OLOPOPETIKEG KAAOEIG:

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

* To évoua TnG dlanpoowneiag HNopei va xpnotponotnoei
WG £vag TUNog avagopdag:

Drawable d;

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

d = new Oval (20,30) ;
d.show(0,0) ;
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NMoAUpOP@PICHOG HE DIATTPOCWITEIES

‘Eva 110 OAOKANPpWHEVO TTAPAdEIYUa

static void flashoff (Drawable d, int k) {
for (int i = 0; i < k; i++) {
d.show(0,0) ;
d.hide() ;
}
}
* H napandvw péEBodog ival NOAUHOPPIKN: N KAACON Tou
QVTIKEIEVOU MOU AVAPEPETAL ANO TAV NAPAUETPO d dev
elval yvwoTh KAatd 1o XpOvo HETAQPAONG

* To poévo nou gival yvwoTo €ival OTL eival pa KAaon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable) KOl KOTA OUVENEL €ival L KAAOTN nou €XEL
HEBOOOUG show Kal hide oL ONoOIiEG PNOPOUV va KANBouv
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* H endpevn dlagavela dsixvel Th dlanpoowneia Jag
KAGONG Worklist nou €ival pia cuAoyr anod
QVTIKEIpEVA String

* H kAGon neplExet LeBOdOUG PE TIG ONOIEG KLNOPOULE

- VO NPocBE€ooUPE £va QVTIKEIMEVO 0T CUAAOYN,

- VO aQALPECOUE €Va AVTIKEIPEVO and Tn CUAAOYA, Kal
- va eA€yEoupe KaTd NOOO pia cUAAOYN €ival kevA A OxL
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public interface Worklist ({
/**
* Add one String to the worklist.
* @param item the String to add
*/
void add(String item) ;

/**

* Test whether there are more elements in the

* worklist: that is, test whether more elements
* have been added than have been removed.

* @return true iff there are more elements

&7

boolean hasMore() ;

/**
* Remove one String from the worklist and return it.

2XOA10 OTIG DIATTPOCWTTEIES

* H Unapén oxoAiwv eivat onpavTikA ya pa dlanpoowneia,
Ol0TL OeV UNApPXEL KWOLIKAG WOTE 0 avayvwoTng/Xxpnotng
va KaTtaAdpel TL (okoneuel va) KAvel n KaBe pEBodog

* H dianpoowneia TNG Worklist dev npoodlopilel kKanowa
OUYKEKPLUEVN doun 1) Taglvopnon: Knopei va uAonoleitat
and pa oToifa, pia oupd,  anod kanowa GAAN doun

* Oa TNV UAONOL|OOUUE WG OTOIRA, HEOW CUVOEDEUEVNG

* There must be at least one element in the worklist. 7\(0"['0@

* @return the String item removed

w2y

String remove() ;
}
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/%%

* A Node is an object that holds a String and a link i

* 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
*/
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 xprnong

Worklist w;

w = new Stack();

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

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

 'E€000G: Bag, Pag, Pac, o MNapaockevdc.
* AAN\eG UNOMNOIWAOELG TNG KAAONG Worklist eival niBaveg:
HE XPHon Queue, PriorityQueue, K.0.
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ETrékTaon Twv KAACEWV
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Mep1oooTEPOG TTOAUMOPPICHOG

* Oa doupe pa GAAN, No NOAUNAOKN, NNyA NOAUMOP@PIOHOU

* M kAdon pnopei va napayetat and pia GAAn, HE Xpron
NG AEENG KAEIOi extends

Qg napadeypa 6a opicoupe pa KAGON PeekableStack
n onoia givat oav TNV KAGon Stack, aAAG €XEL €NiONG U
HEBODO peek NMOU £EETALEL TO OTOLKEIO OTNV KOPUPK TNG
oToiBag Xwpic Opwg va To agatpei and autn

Meploodtepn 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.
*/
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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KAnpovopuikétnTa (inheritance)

« Enedn n KAGon PeekableStack €NEKTEIVEL TNV KAAON
Stack, KAnpovopel OAeG TIG peBOdOUG Kal Ta nedia Tng

(Kati T€Tolo 0 ouppaivel pe TIG dlanpoowneieg: otav
Hwa KAGon uAonolei pia dlanpoowneia, To Hovo nou
avaAapBAvel eival pa unoxpEwon va UNOMOLAROEL
Kanoleg pebddoua.)

* EKTOG and KANpovoukdTNTa, N ENEKTACN TwV KAACEWV
odnyel Kat o€ NOAUHOPPLOUS
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack() ;
sl.add("drive") ;

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

[IpocéEte 611 Lo kKANon s1 . peek () o¢ Oa fTov
voun, wopdAio mov N s1 eivar pia avaeopd o
éva avtikeipevo g kAdonc PeekableStack.
Ot Aertovpyieg mov emrpénovrol o1 Java
kaBopilovtal and 10 6TATIKO TOTO TG AVOPOPAS
Kot Oyl oo TNV KAGGT] TOL OVTIKEEVOV.
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EpwTtnon

* H ulonoinon tng pebddou peek dev ATAV N MO

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

}

* [10Ti 6V KAVOUPE TO NAPAKATW;

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

}

Meploodtepn Java 21

ATtravrnon

* To nedio top TNG KAAONG Stack £€xel OnAwbei private

* H kAdon PeekableStack 0€ pnopei va To npooneAdoel

* [ pa no anodoTikr HEB0dO peek, N KAGon Stack
NPENEL VA KATAOTAOEL TO NEBI0 top 0pATO OTIG KAACELG
Nnou TNV €NEKTEIVOUV

* AnAadn npénet va To dnAwoeL WG protected avTi yla
private

* 2UvNONG NPOKANCN OXEBLAOHOU VIO AVTIKEILEVOOTPEPEIG
YAWOOEG: NWG 0 oXEdLAOUOG Ba KAvEL EUKOAN ThV
enavayxpnotponoinon HeBOdwV HECW KANPOVOUIKOTNTAG
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AAuUCidEG KANPOVOUIKOTNTAG

* 2TnJava, pa KAGon pnopei va €XeL NOANEG KAAOELG NOU
napdyovtat and auTh

* [a Vv akpipela, 6Aeg ot KAGoelg NG Java (ekTtog and
pia) napayovtatl and KAnowa aAAn KAGon

» Edv otov oplopd pag kKAaong dev npoodlopidetal KAnowa
npoTaon extends, n Java autopATO EVVOEL
extends Object

* H kAGon Object €ival N NnpwTApPXIKr KAGON TtTnG Java
(6ev napayetat and kanowa aAAn)
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H kKAdon Object

* 'OAeg ol KAGOEIG napayovTal, Gueca A EQPETa, anod Thv
npPokaBoplopévn KAGoN Object
- (eKTOG QUOIKG ano TnVv KAdon Object)

* 'OAeg ot KAAOEIG KANPOVORoUV HeBOOOUG anod Thv KAAOT
Object, yla NapaAdeLypa:
- getClass, ENOTPEPEL TNV KAAGN TOU AVTIKEIUEVOU
- toString, yl0 HETATPOMNH TOU AVTIKEIUEVOU OE String

- equals, yla oUYKPLON PE GANQ QVTIKEIEVA

- hashcode, Y10 UNOAOYIOUO €£VOG OKEPAIOU (int) NOU QVTIOTOLXEI
OTnV TIA TOU KwdLIKOU KaTakepaTIopou (hash code) Tou
AVTIKEIHEVOU

- K.AM.
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YTrepKAAUWN KANPOVOUNMEVWY OPICHWV

+ Kdanoleg @op€g pnopei va BENOUPE va enavakabBopiooupe
TN AEITOUPYIKOTNTA IOG KANPOVOUNUEVNG HEBOOOU

* AUTO O€ viveTal e XpAon KANolou €10IKOU KATAOKEUAOTH):
€VaG VEOG OPIOUOG Hag peBGd0oU aUTOUATA UNEPKAAUNTEL
(overrides) €vav KAnpovoOUNUEVO OPLOUO TOU Blou
OVOUOTOG Kal TUNOU
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Mapdadeiypa utrEpKAAUYNG

* H kAnpovopnuevn pEB0dOG toString anAwg ocuvoualel
TO OVOHA TNG KAGONG KOL TOV KWOIKO KATAKEPUATIOLOU
(o€ poper dekaegadikou aplBpou)

* Me aAAa AOyLa, o Kwdkag Tng default pe@ddou Tunwvel
KATL 0aV TO €ENG: Stack@b3d42

* M €10IKr) pEB0dOG toString 0Tn HEBODO Stack, oav
TNV NOPOKATW, KNOPEL VA TUNWOEL €VA MO OIEUKPLVIOTIKO

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

}
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lepapxieg KANPOVOMIKOTNTAG

* H ox€on KAnpovouIKOTNTAG dNUIOUPYEL pia lepapxia

* Higepapxia autn ival Eva d€vdpo pe pida Tnv KAGon
Object

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

* 2€ AAAEG NEPINTWOELG, N lEPAPXIa TWV KAACEWV KaL N
KANPOVOIKOTNTA XPNOLonoouvTal oUTwG WOTE O
KWOLKAG MOou €ival KOWVOG yla NEPLOCOTEPEG anod pia
KAGQOELG VO undpxel HOVO O€ A KovA BaOIKr) KAGon
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AUO KAAOELC e TTOAAQ KOva oTolxela — aAAa
kapia ev ival pla amAni eméktacn tng GAANG.

public class Label {
private int x, y;
private int width;
private int height;
private String text;
public void move
(int newX, int newY)
{ {
b 4 newX; b 4
y newY; y
} }
public String getText() public Gif getImage ()
{ {
return text;
} }
} }

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

newX;
newyY;

return image;
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O kwdikag kot ta Sedopéva mou eival kowva
gxouv e€ayxOel og pLa ko “Baacikn” 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 rpoBAnpa oxediacuou

* T1OANEG QOPEG OTAV YPAPOUE TOV D10 KWAIKA Eava Kal
cava, okeQTOMaOoTE OTL 0 KWOLKAG auTOG NpEneL va “Byer”
O€ Jla ouvapTnon (o€ pia pEBodo)

* 'Otav ypdywoupe TIG idleg pebddoug tava Kal Eavda,
OKEQPTOMAOTE OTL KANola HEB0dOG npEnel va “Byel” o€ ua
Ko Baotkf KAGon

* Onote gival KOAG va KATaAGBouUE VwpIG oTo oxedlaopd
KaTd ndoo undpxel avAaykn yla KOWEG BACIKEG KAAOELG,
NPV YPAWOULE APKETO KWOIKA 0 onoiog XpeldleTal
avadlopydvwaon
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YTroTUTrol Kal KANPOVOMIKOTNTA

* M napayoépevn KAGon €ival €vag unoTtunog
* Anod nponyoupevn OIAAEEN:

Evag vrotdmog eivar Eva vTOTHVOLO TWV TIUMY KATO010D TOTOD,
0AAG vTOTTNPILEL EVO VTEPTDVOLO TV AEITOVPYLDV TOD.

* Katd 1o oXedlaopd NG lepapXiag Twv KAGoEwy,

) ' ) ZXnpno
NPEMNEL VA OKEPTOUAOTE TNV KANPOVOUIKOTNTA |
TNG AELTOUPYIKOTNTAG TOUG MoAumnAcupo
* 'Opwc oL “QUOIKEG” IepapXieg dev eival ndvta ) |
TetpamnAevpo

0,TL Mo KATAAANAO pnopei va undapéetl 6oov |
a@oPA oTNV KANPOVOUIKOTNTA TWV AEITOUPYIWV Tetpdywvo
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ETrékTaon Kail uhoTtroinon
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ETrékTaon Kal UAoTroinon

ATTAEG TTEPITITWOEIG

* OLKAGOEIG UNOPOUV VA XPNOYOMNOLO0UV TIG AEEEIG
KAEIOIG extends KAl implements CUYXPOVWG

» [ KGO KAGON, N uAonoinon evog cUCTAUOTOG Java
KPOTAEL NANPOYPOPIES VIO APKETEG IOIOTNTEG, ONWG YIa
napadetypa:

: TIG dampoowmeieg TOL 1 KAAGT VAOTOLEL

T1G LEBBOOVE TTOV €lvarl LITOYPEMUEVT VO OpioEL
T1c pe@doovg mov opilovrar yio v KAdon

Ta. Tedia Tov TEPIAAUPAVEL | KAGON

Baw
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» 'Evag oplopog pebodou ennpedlel povo to I
» 'Evag oplopog nediou ennpealel povo 1o A

* M dAAwon implements ennpedlel Ta A Kol B

- 'OAeg o1 danpoowneieg npooBETovtal ato A
- 'OAeg ol peBodol Toug NpoaBETovVTaL 0TO B

;. TIC O1amPOCOTEIEG TOL 1) KAAGT VAOTOLET

TIC LEBAOOVE TOL €lvor VITOYPEDUEVT] VO OPiGEL
T1¢ peBdOooVE Tov opilovtal yio TV KAGGT

ta, tedia mov mepAapfavel 1 KAGoN

Baw
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H dU0oKOoAN TrepitTTTwON

To TTPONYOUHEVO TTAPADEIYHA HOG

* M dAAwon extends ennpedlel OAEG TIG NANPOYOPIEG:
'OAeg o1 danpoowneieg TNG Bacikng KAAong npoogBETovtal 0To A

'OAeg o1 pEBodoL nou unoxpeouTarl n Bacikr kKAGon va opioel
npooBeTovTal aTo B

'OAeg oL péBodol NG Bacikng KAGong npooBETovTaL oTo I
'OAa Ta nedia NG BaokAg kKAGong npocBETovTal 0To A

TIC O1MPOCOTEIEG TOL 1| KAAGT VAOTOLEL

TIC LeBHOOVE OV Eival VTTOYPEDUEVT VO OPIGEL
T1¢ pe@doovg mov opilovral yio v KAdom

TaL TEdi0 TOL TEPIAOUPAVEL 1) KAGOM

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

* H kAGon PeekableStack £XEL WG:
- A: ™n dlanpoowneia Worklist, and KAnpovould
- B: 11 unoxpewoelg ya uhonoinon Twv peBOdwY add, hasMore,
KAl remove, €Niong and kKAnpovopud
- 1 11Ig peBOdOUG add, hasMore, Kal remove, KANPOVOUNUEVEG,
onwg eniong kat tn OkA NG HEB0DO peek
- A: 10 nedio top, €NiONG KANPOVOUNUEVO
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Mia paTid oTIG abstract KAAOEIG

TeAikég (£inal) kKAdGoe€Ig Kal péBodol

* [lapatnpeiote 6TLTO I €ival ungepouvoAo Tou B: n KAGon
NPEENEL VA €XEL OPLOUOUG YIa OAEG TIG peEBOOOUG
+ H Java ouvABwg anattei To napandvw

* Ot KAGOEIG pNopoUV Va anaAAayouv and auTtAv Tnv
UNoxXpPEWON HE To va ONAwBoUV apnpnueEveg (abstract)

* Mo abstract KAGON pnopei va xpnotponotndei povo wg
BaowknA KAGoN

* (AuTd6 onuaivel 6TL dev pnopouv va dnuioupyndouv
QVTIKEIPIEVA TNG OUYKEKPIUEVNG KAGONG.)
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» [leplopiCouv TNV KANPOVOUIKOTNTA
- O TeMkEG KANGOELG OE HNOPOUV VA EMNEKTABOUV KAL Ol TEAIKEG
pEBodOI Toug &€ pnopolv va EavaoplotouV
* [Napdadelyua, n KAGon
java.lang.String
* H Unapén TeAlkwY KAAOEWV €ival CNUAVTLIKL YIO A0QAAELQ

- O npoypappaTIoTAG pNopel va eAEYEEL NAAPWG TN CUMNEPLPOPA
OAWV TWV UNOKAGOEWV (KAl KATA OUVENELD TWV UNOTUNWY)

Znu.: H dnAwon £inal ymropei va xpnolpoTtroindei kal o€ edia: eKei, To
final onpaivel 611 yTTopEi va avatedei TiuA pévo Jia gopd oTo TTedio
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NMoAAATTAR) KANPOVOUIKOTNTA
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MoAAatTAR KAnpovopuikéTnTa (multiple inheritance)

* 2€ KAnoleg YAwooeg (6nwg n C++) pua kKAdon pnopei va
EXEL NEPLOOOTEPEC ANO Mia BAOIKEG KAAOELG

* TMapddelypa: €va noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax
MultiFunction

* Emgavelakd, t6o0 n onuactoloyia 600 Kal n uAonoinon
@aivovTtal EUKOAEG: N KAGon anAd kAnpovopei OAa Ta
nedia Kat TIG HEBOOOUG TWV PBACIKWY TNG KAAOEWV
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MpoBARuaTA CUYKPOUCEWYV

To mp6BAnua Tou diapavTIOU

* OLOl0QOPETIKEG PACIKEG KAAOELG Eival AOXETEG PETALU
TOUG KOl LNOPEL VO HNV €XOUV OXEOLOOTEL £TOL WOTE VA
ouvdualovTal

* [a napdadelypa, T600 N KAAON Scanner 000 KAl N Fax
HNopei va €xouv opioel pa PHEB0dO transmit

* To epwTna €ivat: TL NPENEL va CUMPBEL OTAV KOAECOUUE
TN HEB0dO MultiFunction. transmit;
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* M KAGon pnopei va kKAnpovopei and tnv dla Baotk
KAQON HECW NEPLOCOTEPWYV TOU EVOG HOVONATIOU
A

B C
D
* Ed&v n kKAaon A opilel €va nedio x, TOTE TOOO N B 000 Kal

n C €Xouv €va

* AnAadn n KAGon D €xeL OUO TETOLA NEdIQ;
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To poBAnUa gival eTIAUCIHO, OAAd...

Zwn Xwpig TTOAAATTAR KANPOVOMIKOTNTA

* M yAwooa nou unootnpiet NOAAANAR KANPOVOUIKOTNTA
NPENEL VA €XEL KAMOLOUG KNXAVIOUOUG XEIPIOKOU auTwyv
TwV NPOoBANUATWY

* BePaiwg, dev eivat OAa Ta npoPAALATA TOCO NOAUNAOKQ

* 'Oupwg, To Bacikd epwTnUa €ival: Ta NAEOVEKTAUOTA NOU
NPOCQEPEL N NOAAAMAL KANPOVOUIKOTNTA a&ifouv TNV
NPO0BeTN NOAUNAOKOTNTA OTO OXEDIAOMO TNG YAWOOOG;

* OLoxedlaoTég NG Java fntav (kat givatl) TnG yvwung otLn
NOAAANAR KANPOVOUIKOTNTA OEV AEiEL TOV KOMO
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* 'Eva nA€ovEKTNUA TNG NOAAANANG KANPOVOUIKOTNTAG
eival OTL pa KAGon HNopei va €xeL apKeToUGg
OLOPOPETIKOUG PETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- AuTO pnopei va yivel otn Java pe xpron dlanpocwnewwy: o
KAGON pnopei va uhonolei Eévav anepldploto aplopod and
dlanpoowneieg

* 'Eva eninA€ov NnAeoVEKTNHA €ival n duvatoTnTa
KANPOVOMLAG AEITOUPYIKOTNTAG and NOAAANAEG BACIKEG

KAQOEIG
- AuTO gival SBuokoAdTEPO va yivel o pa yAwooa cav th Java

Meploodtepn Java 44




NMpowBnon (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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NMapapeTpikdOTNTA HECW Generics
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Avutrapéia yevikwv KAdocswyv oTig Java 1.0-1.4

To nponyoupevo napadelypa KAGoNG Stack OpioTNKE WG
Ha otoifa and cuPBOAOCELPEG

Katd ouvénela, 6 pnopei va enavayxpnotponotnbel yia
oToiBeg AWV TUNWV

2Tnv ML pnopoucape va XpnoLLonotioouE HETABANTEG
TUNWV Yl NEPINTWOELG OAV KAL QUTEG:

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

H Ada kat n C++ €xouv KATL napoépolo, alAa oxL n Java
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Zwn Xwpig yevikég KAAoeig oTig Java 1.0-1.4

* Mnopoupe va opicoupe pa oToifa ThG onoiag Ta
oTolxeia gival avTikeipeva NG KAGONG Object

* O TUNOG Object €ival 0 MO YEVIKOG TUNOG TNG Java Kal
nePNaPBAveL OAEG TIG AVAPOPEG

» Katd ouvenela o oplopds pEow TNG KAGoNG Object
ENITPENEL OE AVTIKEIUEVA 0NOLOOOANOTE KAGONG va
TonoBetnBouv oTh oToifa

* To napandvw NPooPEPEL KANOLOU €i00UG NOAULIOPPLOUO
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;
}
}

Koatd mapopoto tpdémo, o propodcape va opicovpe v
KAdon GenericStack (ko pio GenericWorklist
dwumpocwneia) e ypnon Object ot Béon g String
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MelovéKTnpa

* [0 va avaKTHOOUWE TOV TUMO TOU AVTIKEIMEVOU OTN

oTtoifBa, 6a npEneL va Xpnolonowjooupe Eva type cast:
GenericStack sl = new GenericStack() ;

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

* To napandvw PAAAov Oev ival OTL Mo PIAIKO yia ToV
NEOYPAMMATIOTH)

« Eniong d¢v eival 6TL o anodoTIkd o€ XpOVO EKTEAEONG:
n Java npeneL va eAEyEEL KATA TN OLAPKELA EKTEAEONG

TOU NPoypPAUUOTOG OTL TO type cast enttpeEnetal —
OnAadr OTL TO AVTIKEILEVO €ival NPAYHATL Eva String
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AAAO pEIOVEKTNMA

* OLnpwtdyovol TUNOL NPENEL NPWTA va anodnkeubouv oe
€va QVTIKEIPEVO €AV BEAOUE va TOUG BAAOUUE OE LA
otoifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer (42)) ;
int i = ((Integer) s2.remove()) .intValue() ;

* To napandvw €ivatl eninovo kat 6xt 6,TL N0 anodoTIKO
* H kAdon Integer €ival n npokaBoplopEVn KAGoN
nePLTUALypa (wrapper class) yla TouG aKEPAioug

* Yndapxel pa T€Tola KAGon yia KaBe npwtdyovo Tuno
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NMpayuartika Generics (Java 1.5, “Tiger”)

* ZeKwvwvTag pe tn Java 1.5, n Java €xel generics, dnAadn
NOPAMETPIKEG NOAUHOPPIKEG KAAOELG (KOl OlaNPOOWNEIEG)

* H ouvtaEn Toug polddel e th ouvtagn twv C++ templates

public class Stack<T> implements Worklist<T> {
private Node<T> top = null;
public void add (T data) {
top = new Node<T>(data, top) ;
}
public boolean hasMore() {
return (top !'= null);
}
public T remove () {
Node<T> n = top;
top = n.getLink() ;
return n.getData() ;
}
}
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Xpnoipotroinon Twv Generics

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

int i = s2.remove() ;

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

Java pe Generics

class Stack {
void push (Object o) {
}

Object pop() { ... }

}
String s =
Stack st

"Hello";

new Stack() ;

st.push(s) ;
s =

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

}

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

Stack<String> st =

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

st.pop () ;

54

MNaTti dev UTTAPSAV generics OTIG TTPWTEG Java;

* YNApEav apkETEG NPOTACELG VIO ENEKTAON
* 2€ OUpQWvia pe Toug Baclkoug okonoug TNG YAwooag

* 'Opwg “o dlapoAog gival oTIG AeNTOUEPELEG”, ONWG:
- Tunapevépyeleg £xeL n UNApEn generics yia tn dladikacia
€AEYXOU TwV TUNWV;
- [Mowog eival o KAAUTEPOG TPONOG Va Yivel n uhonoinon;

* Mnopei n apnpnuévn pnxavn tng Java va unootnpitel ta
generics;

* Av val, pEow npdéoBetwy bytecodes A e kAnolov AAAO TPOMO;
* Méow EexwploTou KwdLKa yia KABe oTiyudTUNO;
* 'H péow tou idlou kwdika (pe XpAon casts) yia OAa Ta
OTIYHIOTUNQ;
To Java Community proposal (JSR 14) evoopotodnke otn Java 1.5
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Generics otn Java 1.5 (“Tiger”)

* Y100eTtABNKE N ouvTagn nou PHOAG eidape

» [lpooTtéBnKe autoépatn petatponr boxing + unboxing

Tu6a ypadape Xwpig AUTOUATN LETATPOTA

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

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

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

int i = st.pop();
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O1 TUTTOI TWV generics Tng Java eAéyxovral

Moapdderypa: Mivakag KATAKEPHUATICUOU

* M yevikA KAGON pnopei va BeAROEL va XPNOILOMNOLAROEL

AELITOUpPYiEG O€ AVTIKEIHEVA EVOG TUNOU-NAPAUETPOU
Mapddelypa: PriorityQueue<T> .. if x.less(y) then ..

* AUO0 nIBaveg NPooeyyioeLG:
- C++: Katd 1o Xpovo auvdeong (linking) eAéyxetal To Katd ndéoo
OAeG oL AetToupyieg pnopouv va enthubouv
- Java: Ot tunot eAéyxovtal oTaTika Kal g XpeldleTal va yivel
KANOLoG €AeyX0G TWV generics Katd To XpOvo ouvdeong
* AuTA n npoogyyon enPBAEANEL OTO NPOYPAUUC VO EXEL
NANPoYopIia yla Tov TUNO TNG NOPAUETPOU

* Mapdadelypa : PriorityQueue<T extends ...>
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public interface Hashable {
int HashCode() ;

};
class HashTable <Key extends Hashable, Value> {

void Insert(Key k, Value v) {
int bucket =(k.HashCode() ;

InsertAt (bucket, k, Vv);

H éxppaon mpénel va unv metdel Geaipa
Katd TN drdkacio EAEYYXOL TV TOTWV.

Xpnowuonolovue “Key extends Hashable”
58
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Mapddeiypa: Oupd TTPOTEPAIOTNTAG

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

}i
class PriorityQueue extends Comparable > {

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

}

T remove() { .. }

‘Eva teAeuTtaio Trapadeiypa ...

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

}
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

« Awaypan Tunwv (type erasure)
- O éAeyxoG TUNWVY KATA Th HETAPPACH XPNOLLOMNOLEL Ta generics
- 2Tn ouveExewa o compiler analeigel Ta generics pEow dlaypagng

* AnAadr petayAwTTilel List<T> 0c List, T 0€ Object, Kal
NPOCOETEL QUTOPATEG PETATPONEG TUNWYV (casts)

» Ta generics tTnG Java d¢gv gival oav ta templates tng C++
- O10nAwoelg Twv generics eAEyXovTal wG NPog Toug TUNOUG TOUG
- Ta generics petagpadovtal anag
« Agv Aappavel xwpa kanola oTyplotunonoinon (instantiation)
* O napayopevog Kwdlkag O€ SLOYKWVETAL
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