Moapddelypa AVTIKEIMEVOOTPEPOUG TPOTTOU OKEWYNG

Java: Elcaywyr), lepapyieg
KAQOEWV KAl KANPOVOUIKOTNTA * Evxpwpa onpeia oty

006vn

My x: 20
My y:10
My color: dark grey
Things I can do:

move
report x
reporty

#
1

* Ti1dedopéva anobnkevovTal
OTO KABEvaQ;

- OLOUVTETAYUEVEG TOU
- To Xpwua Tou

My y:20
My color: black °
Things | can do:

move
report x
reporty,

My y:25
My color: light grey
Things | can do:

move
report x
reporty

« TiLB€Noupe va pnopei va
KAVEL TO KABE oneio;
- Na petakivnBei °

Franz Marc, Rehe im Walde (Il), 1913-14 kai Faté of the animals, 191 o - Na ava(pépel m eéor] Tou
KwoTAg Zaywvag <kostis@cs.ntua.gr> 0
Nikog lMNatraoTrupou <nickie@softlab.ntua.gr>
Ewoaywyn otn yAwooa Java 2
5
H opoAoyia tng Java java AVTIKEIMEVOOTPEPEG OTUA TTPOYPOANMATIOMOU
+ Kd&Be onpeio gival €va * H eniAuon npoBANPATWY YIiVETAL HEOW AVTIKEIUEVWV:

avTIKEipEVO (object) - HIKPG dépaTa and dedopéva nou EEPouV NWG va KAvouv

NPAYHOTA OTOV €QUTO TOUG

My x: 10
My y:50
My color: black
Things | can do:
move
report x
reporty,

* [lou nepthapBavel Tpia
nedia (fields)

* 'Exel Tpelg pebddoug
(methods)

* AnAadn n WO€a dev gival OTL N.X. TO rEOYPAUUa EEPEL MW
Va UETAKIVIJOEL EVa onuelo, NG OTL To onueio EEpEL Nwe

Va LETAKIVIJOEL TOV EQUTO TOU

* Ol YAWOOEG QVTIKEILEVOOTPEPOUG NPOYPAUUATIOHOU
* Kal kdBe avTiKeipevo eival . . , , ,
KAVOUV M0 EUKOAO TO GUYKEKPIUEVO TPOMO OKEWNG Kal

éva otiypotuno (instance) NPOYPAUUATIONOD

NG dlag kKAGong (class)
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Mapdadeiypa opiocpou KAAong otn Java MpwTtdyovol TutroI TNG Java

public int {

private int x,y;

e char:0..2'6-1, ypdgovtaiwg 'a', '\n"', .., € XPAON TOU GUVOAOU
xapaktipwv Unicode

* byte:-27.27-1

e short:-215..215.1

field definitions

Rrivate Selosmycotes

paublic int currentX()

{

} e int:-231.231-1 ypdgovTal ye To cuvnBIopEVO TPONO

public int currentY¥Y()
return y;

{

« long: -263.263-1 ypdovtal Ye xprion evog L 01O TEAOG

} + float: IEEE 32-bit standard, ypdgovTtal pe xprion evog F 0TO TENOG

* double: IEEE 64-bit standard, ypdgovtal wg apBuoi KivntAg
uUnodlaoToAnG (n.X., 1.2, 1.2e-5, f 1e3)

public void move(int newX, int newY)

{

* boolean: true Kdl false

+ Ekkevtpikoi TUNoL void KAl null
method definitions
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Karaokeuadbépuevol Tutrol oTn Java 2upBoAoocipég (strings)
+ 'OMot ol Kataokeualopevol TUnol givat TUnoL avapopwyv * lpokaBopiopevog TUMogG aMAa Ox
« Me dAAa AOyla eival avagopEg o avTIKEEVa * Mua oglpd andé xapakTrpeg nou My data He1lo there
’ P s, My length: 11
- OvopoTa KAAOEWY, OMwG n.X. Point nePKAgiovTal ano dNAEG Things o o
- Ovopata kanolag danpoowneiag (interface) anooTPOPOUG KAl CUUNEPLPEPOVTAL ::EE: R :fhni:]ha,

- Ovépata Tunwv Nvakwy, 6nwg n.X. Point[] 1 int[] make an uppercase
version of

myself

oa o otabepr) oupBolooelpd

* AAN\G oTNV NPAYHATIKOTNTA €ival
€va OTYOTUNO TNG KAAONG

String, OnAadN £va AVTIKEIPEVO LED O 2R

NoU NEPLEXEL TN OUYKEKPLUEVN

OEIPA XaPAKTHPWYV
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KARoeig peBo6dou oTiypidTuTrou (instance method)

"Ex@paon Java Ty
s.length() TO UNKOG Tov String s
s.equals(r) true edv s Kol r givot id10 Ko

false gdv oy

r.equals (s) 70 1010 UE TO TOPATAVED

s . toUpperCase () éva avtikeipevo String mov sivan
70 String s oAAG pe keQolaio

s.charAt (3) 1 TN Tov Yopaktnpo otn Béon 3
010 String s (dniad1|, o T€TapTOg
TOV YOPOUKTHPOS)

s.toUpperCase () .charAt (3) 1 TR Tov Yopaktnpo ot Béon 3
o010 String s pe 6Aa KeQolaio
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KARoeig neBo6dou kAdong (class method calls)

* O1 p€BodoL puag kAGong (class methods) opiouv
AELITOUPYIEG NOU N KAAON EEPEL NWG VA KAVEL

* Agv KOAOUVTAL YIO OUYKEKPLLEVA QVTIKEILEVA TNG KAAONG

* Mowdlouv pe TIG OUVNOEIG KANOEIG OUVAPTHOEWV OE HN
QVTIKEIUEVOOTPEPEIG YAWOOEG

* OLKAGOEIG XpNOLHEUOUY WG TOMNOL OVOUATWYV

* AnAwvovTtal pe Tn AEEN static  (6nwg kat otn C++)

"Ex@paon Java Ty
String.valueOf (1==2) "false"
String.valueOf (6*7) "42"

String.valueOf (1.0/3.0) "0.3333333333333333"
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EK@pAceig SnUIoupyYiag AVTIKEINEVWV

* Anuoupyia evog VEOU AVTIKEIEVOU TO OMNoio gival
OTLYHOTUNO KAMOLOG CUYKEKPILEVNG KAAONG

<creation-expression> ::= new <class-name>
(<parameter-list>)

* OLnopdueTpoL NEPVIOUVTAL OE £VAV KATAOKEUQOTH)
(constructor) — kATl oav pa €0k HEBOdO TNG KAAONG

"Exppacn Java Ty
new String() éva véo String pe piKog undév
new String(s) éva véo String mov meplhapPavetl Eva

oavtiypoeo tov String s

new String(chars) éva véo String mov mepthapPavel Tovg
yopokTpeg and Ttov mivaxko chars

Agv UTTAPXEI TPOTTOG VO KATAOTPEWYOUME OVTIKEIMEVA

* Ta avTikeipeva dnuoupyouvTtal e KAAON TNG new

* 'Opwg dev unapxel Auecog TPONOG va TA KATAOTPEYOUE
) va anodeopUEVCOUE T MVARN nou KaTtaAapBdavouv

* AUTO yiveTal autopaTa PECW CUANOYNG OKOUNIOLWY
(garbage collection)

Avoxivkioon otnv Adiva: Ilov givon o k@dog, 0-¢-0;
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evikéG TTANPOPOPIES VIO TEAEOTEG OTN Java

* 'ONoL Ol TEAEOTEG €ival aploTEPA NPOCETALPLOTIKOL, EKTOG
and tnv avadeon

* Ynapyxouv 15 gnineda npotepAdTNTAG

- Kanow enineda ivat npoavr): n.X. 0 TEAEOTAG * €XEL
HEYOAUTEPN NPOTEPAIOTNTA NG TOV TEAECTH +

- AM\a enineda gival AtydTEPO NPOPAVA: M.X. 0 TEAECTNG < EXEL
HEYOAUTEPN NPOTEPALOTNTA ANOG TOV !'=

* EnrpénovTtal noAAoi e€avaykaopoi HETATPONAG TUNOU

- Ano6 null o€ KGBE TUNO AVOPOPAG
- Kd0Bg TR pnopei va petatpanei o€ String o€ KANOLO CUVEVWON
- 'Evag TUnog ava@opdg oe €vav AAAoV (KAMOLEG YOPER)
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Mapddeiypa opICHOU KAACEWV:
Mia atTAd ouvOedeuévn AioTa

Eicaywyn otn yAwooa Java

14

MNapddeiypa KAGong: ConsCell

/**
* A ConsCell is an element in a linked list of ints.
2/

public class ConsCell {
private int head; // the first item in the list

private ConsCell tail; // rest of the list, or null

/**
* Construct a new ConsCell given its head and tail.
* @param h the int contents of this cell
* @param t the next ConsCell in the list, or null
*/

public ConsCell (int h, ConsCell t) {

head = h;
tail = t;
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/**
* Accessor for the head of this ConsCell.
* @return the int contents of this cell
*/

public int getHead() ({
return head;

}

/**

* Accessor for the tail of this ConsCell.
* @return the next ConsCell in the list,
v/

public ConsCell getTail() {
return tail;

}

}

Eicaywyn otn yAwooa Java

or null

16




XpRon TnGg KAdong ConsCell

» Eival avtiotowkng Aettoupyiag pe to cons tng ML

* O€ANoupe oL AioTteg 0Tn Java va gival avTIKEWEVOOTPEPEIG:

onou n ML epapudlel : : o€ pa Aota, TO AVTIKEIUEVO-
AioTta o€ Java npénel va gival og BEon va eQapuooeL Tn
HEBODO ConsCell OTOV EQUTO TOU

* H ML e@apudlel length o€ pua Aiota. OuAioTteg o€ Java
nNPENEL va ival oe BEON va UNOAOYIOOUV TO HAKOG TOUG

+ Katd ouvénela, € pnopoUupE va XPNOLOMNOW)OOUKE null
yla TNV KeV AloTa
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/**
* An IntList is a list of ints.
*/
public class IntList {
private ConsCell start; // list head, or null

/**
* Construct a new IntList given its first ConsCell.
* @param s the first ConsCell in the list, or null
*/

public IntList(ConsCell s) {
start = s;

}

/**
* Cons the given element h onto us and return the
* resulting IntList.
* @param h the head int for the new list
* @return the IntList with head h, and us as tail
@y

public IntlList cons (int h) {
return new IntlList(new ConsCell (h, start))

}

Eicaywyn otn yA\wooa Java 18

[ **
* Get our length.
* @return our int length
2/
public int length() {
int len = 0;
ConsCell cell = start;
while (cell '= null) { // while not at end of list
len++;
cell = cell.getTail();
}
return len;

}

Eicaywyn otn yAwooa Java 19

Xpion TnG IntList

ML: val a = nil;
val b = 2::a;
val ¢ = 1::b;
val x = (length a) + (length b) + (length c);

Java: IntList a = new IntList(null);
IntList b = a.cons(2);
IntList ¢ = b.cons (1) ;
int x = a.length() + b.length() + c.length()
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Ti gival pia ava@opd;

* M avagopd (reference) ival pia Tip nou npoadlopidet
HOVOOHUAVTA KAMOLO OUYKEKPLUEVO QVTIKEIUEVO

public IntList(ConsCell s) {
start = s;

}

* AUTO nou NEPVAUE WG OPLOPA OTOV KATOOKEUQOTH)
IntList Ocv €ival €va AVTIKEIPEVO — €ival pa avag@opd
O€ €vA QVTIKEIPEVO

* AuTO nou anoBbnkeveTal 0Tn HETABANTH start Ogv gival
€va avTiypa@o TOU AVTIKEIMEVOU OAAG O avagopd oTo
OUYKEKPLIUEVO AVTIKEIMEVO (TO 0noio dev avTiypA@eTal)

Ewoaywyn otn yAwooa Java 21

AcgiKTeg

* 2€ pa yYAwooa 6nwg n C  n C++, undpxel €vag EUKOAOG
TPOMNOG VO OKEPTOUAOTE TIG AVOAPOPEG: UL avagopd
eival €vag deiktng (pointer)

* Mg GAAa AOyILa, Jia avagopd gival n dleuBuvon evog
QVTIKEIMEVOU OTN MVALN

* Ta ouothpata Java pnopouv, av B€Aouv, va
UAOMOLA 00UV TIG AVAPOPEG HE AUTOV TOV TPONO

Ewoaywyn otn yAwooa Java 22

Nai, aAAd vouila orTi...

* 'Exw akouoel and kanowoug OTL n Java givat oav tn C++
OANG YwpPiC OEIKTEG...

* To napandvw €ivat aAnBEG anod Ua ONTIKA YwVia

* H C kat n C++ k&vouv npo@avr) TNV NoAU OTEVI OXEON
HETAEU OleuBUVOoEWV Kal SEKTWV (M.X. ENTPENOUV
apOUNTIKA O€ OEIKTEG)

* Ta npoypdupata oe Java d€ punopouv va KataAdpouv
NWG UAOMOLOUVTAL OL AVAPOPEG: OL avVAPOPEG Eival anAd
TIMEG NOU NPocodlopiouv HOVAdIKA KABE aVTIKEIIEVO
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2UyKpIon HeTAgU Java Kal C++

* M petapAnti otn C++ pnopei va €xel wg TIUA Eva
QVTIKEIPEVO N €va OEIKTN O€ €va QVTIKEIUEVO

* Yndpyxouv U0 €NNOYEIG:

- a->x eni\éyel pa pEBodo N €va nedio x 6Tav To a €ival Evag
O€lKTNG 0€ £va QVTIKEINEVO
- a.x EMNAEYEL TO x OTAV TO a €ival €va avTIKEIHEVO

* M petaBAnti otn Java o€ pnopei va €xel wg Tn €va
QVTIKEIPEVO, HOVO pLa ava@opd o€ €Va AVTIKEIPEVO

* AnAadn undapxet HOVo £vag eMAOYEQG:

- a.x EMNAEYELTO x OTAV TO a €ival Pl avagpopd oe €va
AVTIKEIpEVO
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2U0ykpion C++ kal Java

Mpoéypoppa cg C++ Avtictoryo otn Java
IntList* p; IntlList p;
P = new IntList(nullptr); P = new IntList(null);
p->length() ; p-length() ;
P =4q P = 4a;
IntList p(nullptr); Agv vdpyel avtiotoryo
p-length() ;
Pp=4q
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2UvTouEG odnyieg xpRong yia tn Java

Eicaywyn otn yAwooa Java 26

EKTOTTWON KEIPEVOU £E6O0U

EKTUTTWON MIOG IntList

*  YNApPXEL TO NPOKABOPIOUEVO AVTIKEIUEVO: System. out

* To onoio €xelL dUo peBdOOUG:
- print (x) Nou TUNWVEL TO x, Kal
- println (x) NOU TUNWVEL TO x KAL EVA XAPOKTAPA
VEQG YPOAUUAG
* OLpEBodOL auToi eival UNEPPOPTWHEVEG YL OAOUG TOUG
TUNOUG NAPAUETPWV
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/**
* Print ourself to System.out.
v/
public void print() ({
System.out.print ("[") ;
ConsCell a = start;
while (a '= null) {
System.out.print (a.getHead()) ;
a = a.getTail();
if (a '= null) System.out.print(",");
}
System.out.println("]") ;
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H pé6odog main

H kKAdon TestList

* M KAGon pnopei va €xel a pEBodo main wg €ENG:

public static void main(String[] args) {

}

* H pEBodOC auTr XpnOILONOLEITAL WG TO ONUEio Evapgng
NG KAGoNG OTav auTr TPEEEL WG EQAPHOYA

* H A€EN KAeWdi static TNV KAVEL pa HEB0BO TNG KAGONG
(class method). lNp€nel va xpnowonoleitat pe edw!
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public class TestList ({
public static void main(String[] args) {

IntList a = new IntList(null);

IntList b = a.cons(2) ;

IntList ¢ = b.cons (1) ;

int x = a.length() + b.length() + c.length() ;
a.print() ;

b.print() ;

c.print() ;

System.out.println(x) ;
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MeTa@paon Kal TPESIMO TOU TTPOYPAMHATOG

Tpelg KAAOEIG NPOG LETAPPAOH, OE TPia apXeia:

ConsCell.java , IntList.java Kal TestList.java
* (Ovoua apxeiou = 6vopa KAAong + . java)

* Metag@paloupe Ta apxeia pe Xprnon tng EVIOANG javac
- MnopoUv va HETaYAWTTIOTOUV £va NPogG Eva
- 'H pe xprion tTnG eVvTOoAAG javac TestList.java OAa padi

» O compiler napdyel. class apxeia

+ Xpnowonowupue tov Java launcher (evtoAn java) yla va
TPELOUPE TN HEBODO main €VOG . class ApXEiou

Eloaywyr otn yAwooa Java 31

MNMeprooodTepn Java:
NMoAupop@IoHOG, SIATTPOCWITEIEG,
KANPOVOMIKOTNTA, IEPAPXIEGC KAACEWV
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MoAupop@IouOG UTTOTUTTWYV

Person p;
» Eival To napandvw pa dnAwon 4TL TO p €ival pa avagopd
O€ €Va AVTIKEIPHEVO TNG KAAONG Person;

* 'OxL aKpBWG — 0 TUMOG Person PNOPEL va NEPANAUPBAVEL
QVOQOPEG OE AVTIKEIEVA AAAWY KAAOEWY

* AuTO 81011 n Java unootnpiel NOAULOP@LOUG UnoTunwy
(subtype polymorphism)
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AlatrpoowsTtreigg (interfaces)

* 'Eva npwtdtuno pedddou (method prototype) anAwg divel
TO OVOMQ TNG HEBOGBOU KAl TOV TUMNO TNG — OXL TO CWHA TNG

* OLdanpoowneieg eivat GUAOYEG and NPwTOTUNA HEBOdWV

public interface Drawable {
void show(int xPos, int yPos) ;
void hide() ;
}
* M kKAGon pnopei va dnAwaoet 0TL UAonolel pia
OUYKEKPIUEVN dlanpoowneia
* MeTd npEneL va NapEXEL OpLOPOUG public peBOdwV oL
onoiot Talptalouv He eKEivoug TNG dlanpoowneiag

Meploodtepn Java 34

MNapadciypara

public class Icon implements Drawable {
public void show(int x, int y) {
<. OO0 THS HEOOIOD ...

}
public void hide() {

.o OOUO, THS UEBOOOU ...
}

... TEPLEOOTEPES oo K media ...

}

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

}
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MNati XpNoIYOTTOIOUUE SIATTPOCWTTEIEG;

* M danpoowneia pnopei va uAonoteitatl and NoAAEG
OlOPOPETIKEG KAAOELG:

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

* To évopua tng danpoowneiag HNopei va xpnotuonotnosi
WG €vag TUNog avag@opdag:

Drawable d;

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

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

Meploodtepn Java 36




NMoAupop@PIOUOG ME DIATTPOCWITEIEG

‘Eva 110 OAOKANPWHEVO TTAPADEIYHA

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

* H napanavw pEBodOG ival NOAULOPPIKA: N KAGoN Tou
QVTIKEIMEVOU NOU avaPEPETAL and TNV NAPAUETPO d dev
gival yvwoTh Katd To XpOvo HETAPPAONG

* To poévo nou gival yvwoTo gival OTL €ival pia KAAon nou
uAonolei Tn dlanpoowneia Drawable (implements
Drawable) KOl KOTA OUVENELD €ival UL KAAOT) Mou £XEL
HEBOBOUG show Kal hide oL onoieg pnopouv va KAnBouv
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* H endpevn dagavela deixvel Tn dlanpoowneia Jag
KAGonG Worklist nou €ival pa cuAAoyn ano
QVTIKE(PEVA String

* H kAdon neplexel peBOdOUG LE TIG ONOIEC UNOPOUUE

- VO NPOOOECOUUE Eva QVTIKEIUEVO OTN OUAANOYI,

- VO 0QALPECOUNE €Va AVTIKEILEVO and T GUAAOYR, Kal
- VA EAEYEOUUE KATA NOCO pIa CUAAOYA €ival KevA 1 OXL
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public interface Worklist {

/**

- * Add one String to the worklist. r—

* @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

2/

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

2/

String remove() ;
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2XOA10 OTIG DIATTPOCWTTEIES

* H Unap¢n oxoAiwv ivat onUAvTIKA yia pia dlanpoowneia,
OLOTL BEV UNAPXEL KWAIKAG WOTE 0 AVAYVWOTNG/XPAOTNG
va KaTaAdpel TL (okoneuel va) KAvel n KaBe PEB0dOG

* H dwanpoowneia TNG Worklist dev Npoodlopilel Kanola
OUYKEKPIUEVN dOpN A TAglvOUNoN: KNOPEL va UAonoleiTal
and pa oToifa, pia oupd, Ui oupd NPOTEPALOTATWY, A
and kanowa GAAn dopn

* Oa TNV UAONOIACOUHE WG OTOIRA, HEOW OUVOEDEUEVNG
AioTtag

Meploodtepn Java 40




/**
* A Node is an object that holds a String and a link B
* 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
W)
public Node (String theData, Node thelink) {
data = theData;
link = thelink;

/**
* 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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/ * %
* Test whether this stack has more elements.
=)k o * @return true if this stack is not empty

* 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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*/
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

A/

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

}

}

Meploodtepn Java 44




‘Eva mrapadsiypa xpnong

Worklist w;

w = new Stack() ;

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

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

« 'E¢€0d0G: Bag, Pag, Pac, o MNapaokevdq.
* AAN\eG UNOMNOWAOELG TNG KAAONG Worklist eival niBaveg:
HE XPron Queue, PriorityQueue, K.A.

Meploodtepn Java 45

Mep1ooOTEPOG TTOAUHOPPIOHOG

* Oa doUupe pia GAAN, No NOAUNAOKN, NNy NOAULOP@IOUOU

* M kAGon pnopei va napdyetat anod pa GAAn, BE Xprnon
NG AEENG KAEWDi extends

Q¢ napadelypa Ba opicoupe pla KAGon PeekableStack
n onoia €ivat cav Tnv KAGon Stack, aAAG €xEL €ENiong HLa
HEBODO peek NouU £EETALEL TO OTOLXEIO OTNV KOPUPH TNG
oToiBag Xwpig OpwG va To agalpei 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.
* @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 KAGon PeekableStack ENEKTEIVEL TNV KAAON
Stack, KAnpovoueil OAeG TIG HEBOdOUG Kal Ta Nedia NG

(Katt T€Tolo o€ ouppaivel pe TIG dLanpPOCWEIEG:
otav pa KAGon uAonolei pia dlanpoowneia, To Hovo
nou avaAapBAvel eival o UrnoxpEwWorn Va UNOMOLAOEL
Kanoleg nebddoug.)

* EKTOG and KAnpovoulkdTNTA, N ENEKTACH TWV KAAOEWV
odnyei Kat o€ NOAULOPPLOUO
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Stack sl = new PeekableStack() ;
PeekableStack s2 = new PeekableStack();
sl.add("drive") ;

s2.add("cart") ;

System.out.println (s2.peek()) ;

Mpoocefte OtL Lo kAnon s1.peek () b€ Ba Arav
VOULN, TtapoAo ou N s1 eival pa avadopd o€
€va avTIKelpevo TnG kKAaonc PeekableStack.
OL AelToupyLeC OV eMITPETOVTOL OTN Java
kaBopilovtal amo To oTATIKO TUTO TNG avadopag
Kall Oyt Ao TNV KAAGN TOU QVTLKELMEVOU.
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EpwTtnon

* H ulonoinon g pebddou peek dev ATAV N NLO

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

}

* [0Ti dev KAVOUPE TO NAPAKATW;

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

}
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Atravrnon

AAucideg KANPOVOMIKOTNTOG

* To nedio top TNG KAAONG Stack £xel ONAWOel private
* H KAGOn PeekableStack d€ UNopel va To NpooneAdoEL

* [0 pa o anodoTikh HEB0dO peek, N KAAON Stack
NPENEL VO KATAOTAOEL TO Nedio top 0paTod OTIG KAAOELG
NMou TNV ENEKTEIVOUV

* AnAadn npEnel va To dNAWOEL WG protected avTi yla
private

* 2UVABNG NPOKANCN OXEAIAOUOU VIO AVTIKEWEVOOTPEPEIG
YAWOOEG: NWG 0 oXEBLAOUOG Ba KAVEL EUKOAN ThV
enavaypnotuonoinon PeBddwv PECW KANPOVOUIKOTNTAG

Meploodtepn Java b1

* 2Tn Java, o KAAon Hnopei va €xel NOAAEG KAAOELG Moy
napdyovtal anod auth

* [ v akpiBela, 6Aeg ot KAGoeIG NG Java (ekTog and
Hia) napayovtal and kanowa GAAN KAGon

* Edav otov oplopod pag kKAGong dev npoodlopidetal Kanola
npoTaon extends, n Java autOUOTO EVVOEL:
extends Object

* H kAGon Object €ival n npwTapxIkr KAGon tTng Java
(0ev napayetat and Kanowa aAAn)
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H kKAdon Object

YTrepKAAuyn KAnPOVOUNHEVWY OPICHWV

* 'OAeg ol KAGOEIG NapayovTal, Aueca | EUPECa, anod Tnv
NPoKaBopPLoUEVN KAGON Object
- (eKkTOG QUOIKG and Tnv KAAon Object)
* 'OAeg oL KAAOEIG KAnpovopouUv peBddoug anod tnv KAAon
Object, yla napadetypa:
- getClass, ENOTPEPEL TNV KAACN TOU AVTIKEIEVOU
- toString, YO0 HETATPOMNH TOU QVTIKEIUEVOU OE String

- equals, Yl0 oUYKPLON pE AAAQ QVTIKEIPEVA

- hashcode, Y10 UNOAOYIOUO £VOG OKEPAIOU (int) MOU AVTIOTOLXEL
oTnV TIUA TOU KwdIKoU KaTakeppaTiopou (hash code) Tou
QAVTIKEWEVOU

- K.AM.
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+ Kdanoleg @opEG pnopei va BEAOUPE va enavakabBopiooupe
TN AETOUPYIKOTNTA UG KANPOVOUNUEVNG HEBOOOU

* AuUTO O¢ viveTal Pe XPAON KANOLOU €0IKOU KATAOKEUAOTH):
€VOG VEOG OPLOMOG UIOG HEBODBOU QUTOMATA UNEPKAAUNTEL
(overrides) €vav KAnpoOvVOUNUEVO OPLOUO TOU Blou
OVOMOTOG Kal TUNoU
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Mapddeiypa utrEPKAAuUYng

lepapxieg KANPOVOUIKOTNTAG

* H kAnpovopnuevn pEB0dOG toString anAwg ocuvoualel
TO OVOMQ TNG KAAONG Kal TOV KWOIKO KATAKEPUATIOMOU
(o€ poper) deKaeEadIkoU aplOpou)

* Me GAAa AOyLa, 0 Kwdkag TG default pe6dGdou Tunwvel
KATLoav TO €EAG: Stack@b3d42

* M 0Ikr pEB0dOG toString 0T HEBODO Stack, oav
TNV NAPOKATW, HNOPEL VA TUNWOEL £VA MO OIEUKPIVIOTIKO
UAVUpQ:

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

}
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* H oxéon KAnpovouukdTNTAG ONUIOUPYEL pia Llepapxia

* Hiepapxia auth eivat 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 KAACEWVY KaL N
KANPOVOMIKOTNTA XPNOonoouvTal oUTwG WOTE O
KWOLIKAG Nou €ival Koo yla NEPLOCOTEPEG anod Hia
KAQOELG VO undpxeL HOVO O€ A KovA BaCIkr KAGon
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AUO KAAOELG e TIOAAQ KOV oTolxela — aAAd
Kopla Sev elvat pla o) EMEKTOON TS AAANC.

public class Label {
private int x, y;
private int width;
private int height;
private String text;
public void move
(int newX, int newY)
{ {
b4 newX; X = newX;
y newyY; y = newyY;
} }
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)

return image;
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O kwbkag kot ta Sedopéva o eivat kowva
gxouv e€axBOel oe pa kowvn “Baoikn” kKAaon.

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

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

* [TOANEG QOPEG OTAV YPAPOULE TOV 010 KWALIKA Eava Kal
Eavd, oke@TONOOTE OTL 0 KWAIKAG auTog npénet va “Byel”
O€ o ouvapTnon (o€ pia pEBodo)

* 'Otav ypdywoupe TIG idleg peBOdOUG Eava kat Eava,
OKEQPTOMAOTE OTL KANowa HEBODOG npeEnet va “Byel” o€ pua
Kol Bacokr KAGoN

* OnoTe gival KOAG va KATAAGBOULE VwPIG 0TO oXedAOUO
KATA nd0o undpxel avAaykn yla KOWVEG BACIKEG KAAOELG,
NPV YPAWOULE APKETO KWAIKA 0 ornoiog Ba xpeldletal
avadlopyavwaon
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YTroTUTrol Kail KANPOVOMIKOTNTA

* M napayépevn KAGon gival €vag unotunog

Ano6 nponyoupevn BIAAEEN:

Evac unotumog ivat Eva UTOCUVOAOD TWV TLUWV KATTOLOU TUTTOU,
aAAa vrtootnpilel Eva UTEPOUVOAO TWV AELTOUPYLWYV TOU.

Katd To 0Xedl00U0 TNG LEPAPXIOG TWV KAACEWY,

) ' ] Ixfipa
NPENEL VA OKEPTOHAOTE TNV KANPOVOUIKOTNTA \
NG AEITOUPYIKOTNTAG TOUG MoAunAeupo
‘Ouwg ol “QUOIKEG” lepapxieg dev ival navTa |
TetpamAgvpo

0,TL Mo KATAAANAO pnopel va undapéetl 6oov
a@opd oTnNV KANPOVOUIKOTNTA TWV AEITOUPYIWV Tetpdywvo
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EtrékTaon Kai uAotroinon

ATTAEG TTEPITTTWOEIG

* OLKAGOEIG UNOpPoUV Va XPNOLOMNOLAO0UV TIG AEEELG
KAEOId extends KAl implements CUYXPOVWG

* [ KGO KAGON, N uAonoinon evog cUCTAUOTOG Java
KpaTAEL NANPOYOPIES VIO APKETEC WOLOTNTEG, ONWG YId
napadelypa:

A: T Stampoowneieg mou n KAAon VAoToLel

B: tic ueBddoug mou eival umoxpewpEVN va oploel
I T ueBodoug mou opilovtal yia TNV KAAoN

A: ta nedia mou neplhapBavel n kKAaon
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* 'Evag oplopog peboddou ennpeddel pévo to I
* 'Evag oplopog nediou ennpeadel povo to A

* M dAAwon implements ennpeddel Ta A Kal B

- 'OAeg ol danpoowneieg npoobETovTal oto A
- 'OAeg o1 pEBodoL Toug NnpooBETOVTAL 0TO B

A: T Stampoowrneleg mou n KAAon VAoTtoLel

B: Tic pebodoug mou eival utoxpewpEVN va oploel
I tig ueBo6Sdoug mou opilovrtal yla TV KAAon

A: tanedia mou nmeplthapBavel n kKAaon
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H 8U0KOAN trepitrTwon

To TTPONYOUNEVO TTAPADEIYUA HOG

* M dAAwon extends ennpedlel OAEG TIG NANPOYOPIEG:
'OAeg oL dlanpoowneieg TNG BACIKAG KAGAONG npooBETovTal oTto A

'OAeg oL pEBodoL nou unoxpeouTal n Bactkr) KAGon va opioel
npocBETovTalL 0To B

'OAeg o1 péBodol NG Bacikng kKAGong npoagBETovtal oto I
'OAa ta nedia TnG Baoikng kKAGong npooBETovTaL 0To A

A: T Stampoowrneleg mou n KAAon UAoToLEl

B: t1g uebodoug mou eival umtoxpewEVN va OpLoel
I T peBodoug mou opilovtal yia TNV KAAon

A: ta nedia mou nmepltAapBavel n kKAaon
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public class Stack implements Worklist {..}
public class PeekableStack extends Stack {..}

* H KAGoOn PeekableStack £X€l WG:
- A: ™n dlanpoowneia Worklist, and KAnpovoud

- B: TG unoxpewoelg yia uhonoinon Twv HEBOdwV add, hasMore,
KOl remove, €NiONG and KAnpovoud

- I 11g peBbddoUG add, hasMore, KOl remove, KANPOVOUNUEVEG,
o6nwg eniong kat tn OikA NG HEB0SO peek

- A: 10 nedio top, €NiONG KANPOVOLINUEVO
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Mia paTid oTIG abstract KAACEIG

* [Mapatnpnote 6TLTo [ €ival unepouvoAo Tou B: n kKAdon
NPENEL VA €XEL OPLOUOUG YIa OAEG TIG HEBOGDOUG
* H Java ouvAbwg anattei To napandvw

* OLKAGoEIG pnopouv va anaAAayouv and auThyv Tnv
unoxpEwon e To va OnAwBouv apnpnuUEveg (abstract)

* M abstract KAGon pnopei va xpnotonotndei pévo wg
BaoikA KAGon

* (AUTO onuaivel 6TL dev pnopouv va dnpoupyndouv
QVTIKEIPMEVA TNG OUYKEKPIUEVNG KAGONG.)
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TeAikég (£inal) KAAoEIG Kal péBodol

* [leplopiCouv TNV KANPOVOUIKOTNTA

- O TeAKEG KAAOELG OE NOPOoUV VA ENEKTABOUV KL OL TEAIKEG
HEBOdOL Toug BE unopouv va EavaoploTouv

* [Mapddetyua, n KAGon
java.lang.String

* H Unapén TEAKWV KAGCEWV €ival CNUAVTIKI VIO QOQAAELD

- O npoypappaTIoOTAG HNopel va eAEYEEL NAAPWG TN cupnepupopd
OAwV Twv UNOKAGOEWY (Kal KaTA ouveNela TwY uNnoTUnwv)

Zny.: H dnAwon £inal ptropei va xpnoigoTtroin®ei kal o€ Tedia: eKei, To
final onpaivel 611 PTopei va avaTedei TiuR pévo pia @opd oTo TTEdio
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MoAAatrA} KAnpovouikoTnTa (Mmultiple inheritance)

* 2€ KAnoleg YAWooeg (6nwg n C++) a KAGon pnopei va
EXEL NEPLOOOTEPEG aNO Hia BACIKEG KAAOEIG

* [Mapddeypa: €éva noAupnxavnua (multifunction printer)

Printer Copier Scanner Fax
MultiFunction

* Emgavelakd, té6o0 n onuactoAoyia 600 Kat n uAonoinon
Qaivovtal EUKOAEG: N KAAoN anAd kAnpovopei OAa Ta
nedia kat TIG HEBOBOUG TWV PBACIKWY TNG KAACEWV
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MpoBARUATA CUYKPOUCEWYV

* OLdl0QOPETIKEG BAOIKEG KAAOELG €ival AOXETEG HETAEU
TOUG Kal UNopEL va pnv €Xouv oXedIOOTEL £TOL WOTE va
ouvdualovTal

* [a napadelypa, T6o0 N KAAON Scanner 000 KAl N Fax
HNopPEil va €Xouv opioel pa PpEB0dO transmit

* To epwTnua eivat: TL NpENEL va oupBeil 6Tav KOAECOUUE
N HEB0OO MultiFunction. transmit;
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To p6BAnUa Tou diapavtiou

* M kKAGon pnopei va kKAnpovopel and thnv idla Baoikn
KAGON HECW NEPLOCOTEPWY TOU £VOG povonaTiou
A
B
D
* Edv n kKAdon A opicel Eva nedio x, TOTE TOOO N B 60O Kal
n C €Xouv €va

Q

* AnAadn n kKAGon D €xeL OUO TETOLA NEDIQ;
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To poBAnUa gival eTTIAUCINO, OAAA...

* M yAwooa nou unootnpiel NOAAQNALR KANPOVOUIKOTNTA
NPENEL VA €XEL KANOLOUG HNXAVIOHOUG XEPLOMOU auTwV
TwV NPOBANUATWY

* BePaiwg, dev eival 6Aa Ta npoPARUATA TOCO NOAUNAOKO

* 'Ouwg, To Baoikd epwTnUa givat: Ta NAEOVEKTALATA NOU
NPOCQEPEL N NOAAANAL KANPOVOUIKOTNTA a&ifouv TNV
NPOCOETN NOAUNAOKOTNTA OTO OXEDIOOUO TNG YAWOOAG;

* OLoxedlaoTeg NG Java ftav (Kat givatl) TnG yvwung otLn
NOAAQNAL KANPOVOUIKOTNTA deV a&ilel TOV KOMo
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Zwn XwpEig TTOAAATTAR KANPOVOMIKOTNTO

* 'Eva nAgoveKTnUa TNG NOAAANANG KANPOVOUIKOTNTAG
gival 6T pia KAGoN PNopei va €XEL ApKETOUG
OLOQPOPETIKOUG PETAEU TOUG TUNOUG (N.X. Copier Kal
Fax)

- AuT6 pnopei va yivel otn Java pe xpAon dlanpocwnewy: tia
KAGON pnopei va uhonolei €évav aneploploto aploud anod
dlanpoowneieg

* 'Eva eminA€ov nAeoveEKTNHa gival n duvatoTnTa
KANPOVOWLAG AElToupYIKOTNTAG and NOANANAEG BACIKEG
KAQOELG

- AuTo6 eival BuoKoAOGTEPO va yivel o€ pa yAwooa oav T Java

Meploodtepn Java 71

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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MNapapeTpIKOTNTA NECW generics
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Avutrapéia yevikwv KAdocswyv oTig Java 1.0-1.4

* To nponyoupevo napadelypa KAGoNG Stack OpioTNKE WG
Hwa oToifa and cupBoAoCELPEG

* Katd ouvénela, de pnopei va enavayxpnotonotneei ya
oToiBeg GAwV TUNWV

* 2Tnv ML pnopouocape va XpnoyonoljooupE HETAPRANTEG
TUNWV YO NEPINTWOELG OAV KL QUTEG:

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

H Ada kat n C++ €xouv KATL napopolo, aAAd oxtL n Java
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Zwn Xwpig yevikéG KAGoelg oTig Java 1.0-1.4

* Mnopoupe va opicoupe U OToipa TNG onoiag ta
oTolKEla €ival AVTIKEIUEVA TNG KAAONG Object

* O TUNOG Object €ival 0 MO YeVIKOG TUNOG TNG Java Kal
nepAapBavel OAEC TIC avaPopES

* Katd ouveneila o oplopoG HECW TNG KAAONG Object
ENITPENEL OE AVTIKEIUEVA ONOLOOONNOTE KAGONG va
TonoBbetnBouv ot oToifBa

* To napanavw npoc@EPEL KANOLOU €i00UG NOAUMOPPLOUO
unoTunwv
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public class GenericNode ({
private Object data;

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

data
link

}

public Object getData() {
return data;

}

public GenericNode getLink() {
return link;

}
}

theData;
thelLink;

Katda mapopolo tpormno, Ba unmopoUca e va OpLOOUUE TNV
kKAdon GenericStack (kal gl GenericWorklist
Sdlanpoowrneia) pe xprion Object otn B¢on tng String

Meploodtepn Java 76




MeilovéKTnua

* [a va avaKTACOUUE TOV TUMO TOU AVTIKEWWEVOU OTN
oTtoifa, 6a npénet va xpnowonotrjooupe €va type cast:

GenericStack sl = new GenericStack() ;

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

* To napanavw paAAov dgv gival OTL Mo PIAKS yia Tov
NPEOYPOUHOTIOTH

* Eniong dev eival 6TL o anodoTIKO 0€ XpOVO EKTEAEONG:
n Java npenel va eAEyEEL KATA TN OLAPKELA EKTEAEONG
TOU NPOYPAUATOG OTL TO type cast enttpénetal —
OnAadn OTL TO AVTIKEIPEVO €ival NPpAYUATL Eva String
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AAAO PEIOVEKTNHO

* OLnpwtdyovol TUNoL NPENEL NPWTA va anoBnkeubouv o€
€va avTIKeipeVo €Av BEAOUPE VA TOUG BAAOUPE OE HIa
oToifa:

GenericStack s2 = new GenericStack() ;
s2.add (new Integer (42)) ;
int i = ((Integer) s2.remove()) .intValue()
* To napandavw €ival eninovo kat éxt 6,TL No anodoTIKO
* H kAdon Integer €ival n NpokaBoPLOPEVN KAGON
nepttUAlypa (wrapper class) yla TouG aKeEPAioug

* Yndapxel pa TETola KAGon yia KABe npwtdyovo Tuno
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Generics, oTn VEWTEPN Java

* —eKlvwvTag he tn Java 1.5, n Java €xel generics, OnAadn
NOPAUETPIKEG NOAULOPPIKEG KAACELG (KL dLaNPOowWEieq)

* H ouvtagnA Toug polddel 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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XpnRon Twv Generics

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

String s = sl.remove() ;

s2.add (42) ;

int i = s2.remove() ;
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MNarti dev uTTAPSAV generics oTIG TTPWTEG Java;

* YNApEav apkETEG NPOTACELG VIO ENEKTACN
* 2€ OUPQWVIa PE TOUG Bactkoug oKonoug TNG YAWOoodG

* 'Ouwg “o dlapoAog gival oTIG AeNTOoUEPELES”, ONWG:
- Tunapevépyeleg €xeL n UNAapgn generics yla tn dladikaoia
€AEYXOU TV TUNWV;
- [owog eival 0 KAAUTEPOG TPOMNOG Va Yivel n uAonoinon;
* Mnopei n agnpnuévn unxavr tTng Java va ta unootnpiget;
* Av val, pEow npdobetwv bytecodes 1 pe kanolov GAAo TPOMO;
* Méow EexwploToU KwdIKa yia KABE OTIyOTUNO;
* Méow idlou KwdIKa (e Xprion casts) yia OAa Ta OTIYHOTUNQ;
* EvowpatwOnkav otn Java 1.5, padi pe autduatn
HETATpOnA boxing + unboxing, n.x. yw int kat Integer
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O1 TUTTOI TWV generics Tng Java eAéyxovrai

* M yevikA KAGON Hnopei va BeANOEL va XPNOILOMNOLAOEL

AEITOUPYIEG O QVTIKEIUEVA EVOG TUNOU-NAPAUETPOU

Mapadelypa: PriorityQueue<T> .. if (x.less(y)) ..

» AUo niBaveg npooeyyioelg:

- C++: 'Otav kKataokeualetal €va oTypotTuno evog template,
EAEYXETAL TO KATA NG00 OAEG OL AstToupyieg pnopouv va
EMAUBOUV — 0 €AEYX0G QUTOG MNOPEL va NPENEL VO KABUOTEPNOEL
HEXPL KaL To Xpovo ouvdeong (linking)

- Java: OLtunol eAéyxovTal OTaTIKA Tn OTLYHI TOU OPLOpoU TOUG
Kal 0€ xpelaletal va yivel kavevag GANOG EAEYXOG apyoTEPQ

* AutA n npoo€yylon eNPBAAAEL OTO NPOYPAUUA VA EXEL
nAnpogopia yla Tov TUNo TNG NAPAUETPOU
* Mapdadelypa : PriorityQueue<T extends ...>
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Mapddeiypa: Mivakag KATAKEPUATICHUOU

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

}
}i
H éxppaon npénel va unyv netdel cpaipa
KaTA TN O dkacion EAEYYOL TV THT®V.
Xpnowonowvue “Key extends Hashable”
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Mapddeiypa: Oupd TTPOTEPAIOTNTAG

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

};
class PriorityQueue extends Comparable > {

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

. 1f (t.lessThan(queue[i]))
}

T remove() { .. }
}
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‘Eva TeAguTaio Trapddeiyua ...

YAoTtroinon Twv Generics

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

}
class Relations<C extends LessAndEqual<C>> extends C {

boolean greaterThan (Relations<C> a) {
return a.lessThan (this) ;

}
boolean greaterEqual (Relations<C> a) ({

+ Alaypan Tunwv (type erasure)
- O €leyxog TUNWVY KaTA TN HETAPPACH XPNOLoNoLEl Ta generics
- ZTn ouveExela o compiler analeipel Ta generics pEow dlaypagng
* AnAadr petayAwTTifel List<T> 0c List, T 0¢ Object, Kal
NPOOCBETEL AUTOUATEG LETATPONEG TUNWV (casts)

* Ta generics tTnG Java d¢gv gival oav ta templates tng C++
- O1dnAwoelg Twv generics eAEyXovTal wG NPog ToUuG TUNOUG TOUG

- Ta generics petagpalovtal anag
* Aev AapBavel xwpa kdnowa otypotunonoinon (instantiation)

return greaterThan(a) || equal(a); ; ) g
} * O napayouevog kwdlkag O SLOYKWVETAL
boolean notEqual (Relations<C> a) { ... }
boolean lessEqual (Relations<C> a) { ... }
}
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