Objektov® model ovgn?2, ADT7B

NS Vr h ozorpP
Tvorba obj] ekt

JI s(EEBEK

Katedra pol 2 a
Fakulta el ekt r ot echni ckS 8
Les kw® s okklRe h @ c h n ivPraz®

https://edux.feld.cvut.cz/courses/AD7B360MO

PSedn8§gka je vytvoSena na z8klado pUvodn2ch pSedn8§¢



CO TO JSOUGENERIKA

AUMOBRUREGUHCVEBIWNERI CKIY®RS |
DEKLARACIT s C®OZ H R ANMETOD

AOD JDK 1.5

(2 L R 1A
E
. 1 “

Java i
Generics

OREILLY"




CO TO JSOUGENERIKA




MOTIVACE

CCL BIH

A N E B TOMEZENID AT OV T TMPY
A TYP OBJECT KOMPLIKUJE/ZNEMOZNUJE DATOVOU KONTROLU

AROZGCTEROKENTROLY
AVYUKDDOPAKOVASRY ZNTIMAT OV 1 TMPY




Ps CKLAD

ASP0JOVSEZNAM(J ENDOSMOREBDUSMORIMNIKLI €RT
A BEZ GENERIK
A S GENERIKY




Ps CKLAD
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44| O T—*97| 23| & {17 ® |
class Node {

int value;
Node next;

Node (int v, Node n) { // constructor
value = v;
next = n;
}
}

Node temp = new Node(17, null);
temp = new Node(23, temp);

temp = new Node(97, temp);

Node myList = new Node(44, temp);




Ps CKLAD
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class Node {
T value;
Node next;




Ps CK LARRAYLIST VGI CHNI POUHCVEC

List<String> words = new ArraylList<>();
words .add ("hi") ;
words .add ("hello") ;

words .add ("hola") ;




Ps CK LIANKEDLIST VGl CHNI POUHCVE¢

LinkedList<String> list = new LinkedList<String>();
list.add("abc"); i
Strings =list.get(0);/ / nen? nutnost pSetypovat

LinkedList list = new LinkedList();
list.add("abc");
String s = (String)list.get(0);/ / nut n® pSetypov§gn:?



DALBOCKLAD

P List<?> §

ASAMOZDs EMYHEEME

VYUHCOD@A@DI L NOST S ~
List<Object> List<? extends Number>
P4 ¥

List<? extends Integer> List<Number>
4

List-ﬂlﬁteger}

Taxonomy of the generic List types



G ENERE ClEsssstanpay

JSOUT s CDNNTERFACE® EK L AR UZ\CTYP OPARAMETRYJ | M1 H
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ULEHL ®S &RROGRAMU V IDE,
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G ENERE ClEsssstanpay

TY P O VFARAMETRYLZEU H CJENNA R E F E R E NYPN BLE NIKOLLI:
-VESTATI| KOETEXTU STATICVOID M( ) { LISKT>LSTE ée }
-POLEAV Y TV Os FEOME E[]E= (E[]) NEw OBJECT5]; NEW E[3]
NEW ARRAYLISKSTRING>[7]

-PRI MI TTYRMYN C LISKINT>
-STAT I ATRIBUTY STATICTT
-VY TV OWNSTANCI NEW E()

- POTOMKY T s C THROWABLE CLASS MYEX<T> EXTENDSEXCEPTION{ }



G ENERE ClEsssstanpay

CLASSPAIR<K, V> { Pair<int, char> p = new Pair<>(8, 'a"); // compile-time error

PRIVATEK KEY Pair<Integer , Character > p = new Pair<>(8, 'a"); //IOK

PRIVATEV VALUE
PUBLICPAIR(K KEY, V VALUE) {

THISKEY = KEY,

THISVALUE = VALUE

...



G ENERE ClEsssstanpay

PUBLICSTATIC<E> vOID APPEND(LISKE> LIS {
EELEM= NEW E(); // COMPILETIMEERROR

LISTADD (ELEN);

PUBLICSTATIC<E> vVOID APPEND(LISKE> LIST CLASSXE> CLS) THROWSEXCEPTION{
E ELEM= CLSNEWINSTANCK); // OK

LISTADD (ELEM);
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G ENERE ClEsssstanpay

PUBLICSTATIC<E> vOID RTTILISKE> LIST {
IF (LISTINSTANCEOFARRAYLISKINTEGER) { // COMPILETIMEERROR

Il ...

PUBLICSTATICVOID RTTLISK?> LISY {
IF (LISTNSTANCEOFARRAYLISK?>) { /[ OK
s



SYNTAX HLAVI LEK

..class Mp & q r WL[ & @éklarace > | 22 jhghul fnY w
[ extends Mp aqr Qd g Wk d&pArgument ,...> ||
[implements Mpagr Lgwh[«iTypargument ,...>1,.. 1{d}

..interface Mp aqr L qwh < Deklardce > | 22 jhghul fnu |
[extends Mpagr Qd gL qwh GypAdgurhent ,...>1,.. ]{d}

..[<Deklarace> | Mpaqr WL é g | 22 jhghul fno n
(

([ [ final ] (Typ | TypParm ) mpagr Sdud p.h)d k

..[ [ static ][ final ]|[ abstract | | 22 jhghul fnYy p
[ < Deklarace > | ( void | ReturnTyp | TypParm ) mpaqr Phwr g |
Sdu

([ [ final ] ( Typ | TypParm ) mpaqr dp. AWy} | ;)

<Ghnodudfh A mh vh}qgdp w|,sT,yuf,k. Tssdudphw
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TYPOVI PARAMETR

DEKLAROVXMNEZNAMU < T; 15 1 1> Mt AET YYMEZENTAKTQ

A T [ EXTENDSJAVA.LANG.OBJECT] -JEJAKE KTk IC.DA

AT EXTENDSZ -Z JEJIZINEMTYPOWPROMON.NE
AT EXTEND{R|I1)[& I1& | ...] -R JETsCDA
| INTERFACE

&-LOGI CEOUL.I N
A TY P O VBARAMETRYSEOBVYKLEZ NALJEEDNOPCSMHENDNENT | FI1 KE TORE M
A T, E, K, V, N, S, APrRa TYPE BLEMENT KEY, VALUE NUMBER SERVICE ACTION



TYPOVI PARAMETR

Ps CKLADY

CLASS DEMO < T, EEXTENDSY & K, N EXTENDS) & K> { }

PUBLIC<Y,K> K DEMO( Y Y, KK, INTI) RETURNK; €}

KDE Y JENAP.sTs CD4 A KJSOU INTERFACES



PARAMETRI ZOVANIT OBJEKT

VYTV KONSTRUKTORB T Y P OV IARGUMENTYV POL TAUSVYMEZENCM
FORM¢ L NEARA ME DIEEDEFINICETYPU
NEwW DEMO < A, B, C > ( é )

KDEA, B, CJSOUVHODNEEFERE NYPNTJ T s C NEBO INTERFACE



PARAMETRI ZOVANIT OBJEKT

PARAMETRI| Z OBJXEKILZEREFEROVATL T Ys KIPt SOBY
DEMO REIO ; [  RAW. OBJECT OBJECT OBJECT
DEMO < A ,B,C > REH /[l REA: AB,C

REA = NEw DEMO <A, B, C > ( €EDECORATEDTYPE / /

Do Po Po Po Po  To I»

=NEw DEMO <> ( é) ; INFERENCEDIAMANTEM <> OD V/7/
REK) = REH ; [/ ERASURE
REO = NEW DEMO ( € ) ; RAW TYPE
REA = RE ; /[ UNCHECKEDCONVERSION

o
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Ps CKLAD: PARAMETRI|I ZOVANI

public class Interval ... {
/Il ... low, high ;

public Interval(... ) {
if (low.compareTo (high)>0) throw new
lllegalArgumentException  ();
this.low =low; this .high =high;
}
@Override
public int compareTo (...){
return this.low.compareTo ( that.low );
}
@Override
public String toString () { return “Interval["+low+","+high+"]"; }

}




Ps CKLAD: PARAMETRI|I ZOVANI

public class Interval <E extends Comparable<E>>
implements Comparable<interval<E>> {
E low, high;

public Interval( E low, E high ) {
If (low.compareTo( high)>0) throw new lllegalArgumentException();
this.low=low; this.high=high;

}

@Override
public int compareTo( Interval<E> that ) {
return this.low.compareTo( that.low );
}
@Override
public String toString() { return "Interval["+low+","+high+"]"; }
}
class XI <E extends Comparable<E>> extends Interval<E> {
public XI( E a, E b) {super(a,b); }
}




TYPOVT ARGUMENT WHEDGARD)CKE

REFERENCETJ P R O MO NAIPARAMETRYMETOD, LZEVYMEZITJIAKO MNOH I NU
Ps 1 JATELNEZONE MTTCYHPRAKTA

< ? [ EXTENDSTYP | EXTENDSIAVA.LANG.OBJECT] >

- ZDE EXTENDSZAHRNUJE IMPLEMENTS
TYPVYZNALHORNEZVLE ET.NO
NELZEV K L ¢ DMEBOMO N IHODNOTY ( K R O MKIULL)
- JENKNIMPs | STUP(QWAKIOL EKCIGOIDHSTRAROVMAT
< ? SUPERIYP> - TYP VYZNAL DDE MEZVL ET.NO

LZEV K L ¢ DHODNOTY.



TYPOVT ARGUMENT WHEDGARD)CKE

NAP S PROVT PLZEUHGIE OME Z HNIL:.C K

VOID PRINANY(LISK?>cC) { /[ NE < OBJECT>
FOR( OBJECTO : C ) SYSTEMOUT.PRINTLK O );
C.GET(0); /[ LZE- N E M®PARAM. TYP

C.ADD( NEW OBJECT ) ); /[ M¢é PARAM. E- COMPILE ERROR



? V REFERENCI

ZADEFINUJEMET s C6&Y<- A<-B<-C<-D REFEROVRROMONT M,B, C,D.

CLASS BoxX<V EXTENDSB > { [/ TATO KRABICEU MO H NUC O FIEDNUV OC
V v; Il SPLRUJ OCIBISTANCEOF B
Box (VVv) { THISV=V;} /[ NUTNOV L OHB NEBO C NEBO NULL

V GET) { RETURN,; }

voiD SE(V Vv) {THISV =V, } /[ VADNZEV L O FNUIL



? V REFERENCI

KRABICES L OUKCG: DN £ MW OH EREEERENCEYMEZUJEVKLAD A VT B/ CC

Box< B> X1=NEwW Box<>(B); Xxl1.se{Bé ) ; Zl=x1.GE1®
Box< C> X2=NEW Box<>(c); x2.se(ceé) ; 72=X2.GE1Q;
Box< ? SUPERB > X3=NEW Box<>(B); X3.SE(BE ) ; Z3=X3.GET;
Box< ? SUPERC > X4=NEW Box<>(B| C); x4.sefce ) ; ZA=X4 .GET1;
Box< ? EXTENDSB > Xx5=NEw Box<>( B¢ ) ; Z5=X5.GET();
Box< ? EXTENDC > X6=NEW Box<>(ceée ) ; Z6=X6.GET();
Box< ?[EXTENDSA] > X7=NEwW Box<>(Be ) ; Z(=XT7.GEX();

@ SUPPRESW/ARNINGS( "RAWTYPE'S) /[ POTL ALRESNEMETODOUL ICLASS

BOX X=NEW B<>(B| C); X.SE{B| Cc); B z=X.GEN);



DALGBs CKL AD

CLASSDEMO < X, Y EXTENDSNUMBER Z EXTENDSABSTRACMAP < K, V >

IMPLEMENTSNAVIGABLEMAP < K, 'V > e {
PRIVATEC OMPARATOR< ? SUPERK > COMPARATOR = NULL;
PUBLICTREEMAP( C OMPARATOR< ? SUPERK > C) { COMPARATOR = C ; é

PUBLICTREEMAP( MAP< ? EXTENDK, ? EXTENDSV > M ) { PURALY M ); ...

7

e
} Upravte k-d nahoSe, aby se dal spustit k-d zde:
MAP < STRING INTEGER> M = NEW TREEIMAP < STRING INTEGER> () ;
M.PUT( "AAA", 1);

INTI = M.GET( "AAA");



DALGBs CKL AD

Co kdybychom cht ol i Sthiggta Inpeged™? r

CLASSTREIMAP< K, V > EXTENDSABSTRACMAP < K, V >
IMPLEMENTINAVIGABLEMAP < K, V > é {

PRIVATEC OMPARATOR< ? SUPERK > COMPARATOR = NULL;
PUBLICTREEMAP( C OMPARATOR< ? SUPERK > C) { COMPARATOR = C ; é

PUBLICTREEMAP( MAP< ? EXTENDK, ? EXTENDSV > M ) { PURALY M ); ...
é
}
MAP < STRING INTEGER> M = NEW TREEMAP < STRING INTEGER> () ;
M.PUT( "AAA", 1);

INTI = M.GET( "AAA");




DALGBs CKL AD

PARAMETRIZOVATMETODYLZEIVNEP ARAME T R | Z ONSAO\D COINTERFACES

PUBLICSTATIC< U EXTENDDOUBLE V> U M(UU,V V) {
UX=u;
VY=v;
SYSTEMOUT.PRINTLN U.GETCLASY ) +" "+ V.GETCLASY) );

SYSTEMOUT.PRINTLN X+" "+Y);

RETURNK; Parametr!zovan
parametri zovan

NUMBER S= M ( 666.999, NEW STACK()); // L CSLPs EV CADTOBOXING
DouBLE D=M ( .777, "BBB");
OBJECT 0 =M (3.14, 3L);



GENERIKAA SUBTYPY

Dt LEHIBIY®REI TUILZEBRARROTINARUGENMEZENC

PRO VZTAH SUBTYP--> SUPERTYP ( EXTENDY IMPLEMENTY

NEPLATA<SUBTYP --> L<SUPERTYP
Ps CK L A D CLASSDRIVEREXTENDSPERSON{ e }
LISK DRIVER> DRIVERS= NEWARRAYLISK> ();

LISK PERSON> PEOPLE= DRIVERS // ERROR

PEOPLEADD( NEW PERSON ) ); // NON-DRIVER IN DRIVEFS



GENERIKAA SUBTYPY

' s

Object

Dt LEARIBY®REI TUI,ZEBREARROTINARUGEN®ME Z:E N(

PRO VZTAH SUBTYP--> SUPERTYP

NEPLATA<SUBTYP --> L<SUPERTYP Box<Number= Box<Integers
Ps CK L A D CLASSDRIVEREXTENDSPERSON{ e }
LISK DRIVER> DRIVERS= NEWARRAYISK> ();

LISK PERSON> PEOPLE= DRIVERS // ERROR

PEOPLEADD( NEW PERSON ) ); // NON-DRIVER IN DRIVEFS



ERASURE

A PROCESVYNUCOVA@NE OV T @WE Z ERDOZEP s KOMPILACIAVY s AZENEORM®A CYPUPRVKUP s B O H U

public static <E>boolean containsElement (E [] elements , E element){

for (Ee . elements ){

if(e.equals (element)){ PSed kompil ac?2
return true;

}

} return false;

}

PUBLICSTATIC BOOLEAN CONTAINSELEMENTOBJECT[] ELEMENTSOBJECTELEMEN)

For (OBJECTE : ELEMENTY

IHE.EQUALYELEMENJ){

Po kompilaci
RETURNIRUE

}

}  RETURNFALSE



ERASURE

COLLECTIONSTRING>  CS = NEWARRAWIST<>( );

cs.ADD( O AAAOQ)

COLLECTION CR=CS;
CR.ADD( 666 ) ;
COLLECTION?> CX = CS;

CX.ADD( 0 BBBO)
COLLECTION? SUPERSTRING > CX = CS;

cX.ADD( 0 CCCo0)
COLLECTION? EXTENDSSTRING> CY = CS;

cy.aAbD( 0 DDDG)

COLLECTIONOBJECP CO =CS;

/| RAW TYPE

/| UNSAFEOPERATION

ERROR [/

ERROR [/

/| ERRORINCOMPATIBLETYPES



ERASUREP s CKL AD

ANAPI GREBEBTEROGEGLEKCE DO KT ERIE AHE WH OFR tTZ NOBJEKTY ALE
BUDES P L R O \COMPARABLE (M¢é METODU COMPARE ;))




ERASUREP s CKL AD

LISk COMPARABLE ? > > LIST= NEWARRAYLISK>( );

/I VLOHENBJ EKREtZNT THAN GAKP L R U COMRARABLE
COLLECTIONSSORT LISTNEWMYCOMP( ) ); Il s AZENC

@ SUPPRESW/ARNINGS( { "RAWTYPES} )
CLASSMYCOMP IMPLEMENTSC OMPARATORS COMPARABLE> {
@( VERRIDE
@ SUPPRESW/ARNINGS( { "UNCHECKED } )
PUBLICINT COMPARE( COMPARABLE 01, COMPARABLEO?Z2 ) {
CLAssc1 = 01.GETCLASY ), C2 = 02.GETCLASY );
RETURNC]1 == C2 ?
- 01.coMPAREIO( 02) Il TEABCDY

- C1.GEINAME( ). COMPARETO( C2.GEWNAME()); /I Rt ZNT THCD



