Genericitate

sau polimorfism parametric

Dr. Petru Florin Mihancea

Elemente fundamentale de
genericitate in Java

Dorim sa definim o clasa ce reprezinta un 2-tuplu
* o pereche de doua elemente de orice tip

O cerint,:i

* constructor/metode pentru initializarea/setarea perechii
+ cate o metoda pentru accesarea fiecarui element

Solutie: ne bazim pe
polimorfism (de subtip),
deoarece o referinta
Object poate referii orice
fel de obiect

public class Pair {
private Object pl,p2;
public Pair(Object pl, Object p2) {
this.pl =pl;
this.p2 = p2;

public void setFirst(Object pl) {
this.pl =pl;

public Object getFirst() {
return pl;

}
public void setSecond(Object p2) {
this.p2 = p2;

public Object getSecond() {
return p2;
}

public class Utilities {

private static Pair doSet(Pair p) { DA R
Ceasornicar om = p.getFirst(); //Eroare compilare oo
ClockType aparat = p.getSecond(); //Eroare compilare
om.regleaza(aparat);
return p;

}

public static void createSetAndDisplay(Clock aparat) {
Ceasornicar om = new Ceasornicar();
Pair p = new Pair(om,aparat);
Pair res = doSet(p);
ClockType c = res.getSecond(); //Eroare compilare
System.out.printin(c);
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public class Utilities {
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om.regleaza(aparat);
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}
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public static void createSetAndDisplay(Clock aparat) {
Ceasornicar om = new Ceasornicar();
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public static void createSetAndDisplay(Clock aparat) {
Ceasornicar om = new Ceasornicar();
PairCeasornicarClockType p =
new PairCeasornicarClockType(om,aparat);
PairCeasornicarClockType res = doSet(p);
ClockType ¢ = res.getSecond();
System.out.println(c);

public static void iWouldLikeToKnowAtCompileTime() {
Pairlntegerinteger pl =
new Pairlntegerinteger(new Integer(5),new Integer(6));
doSet(pl);//Eroare de compilare
PairCeasornicarClockType p2 =
new PairCeasornicarClockType(
new Ceasornicar(),new Clock());
doSet(p2);
PairCeasornicarClockType p3;
p3 =p2;
doSet(p3);
p3 = pl;//Eroare de compilare
doSet(p3);
}

public Pair(Ceasornicar pl, ClockType p2) {
this.pl = pl;this.p2 = p2;

public void setFirst(Ceasornicar pl) {this.p| =pl;}
public Ceasornicar getFirst() {return pl;}

public void setSecond(ClockType p2) {this.p2 = p2;}
public ClockType getSecond() {return p2;}

T — m—

public class Pairintegerinteger {

private Integer pl, p2;

public Pair(Integer pl, Integer p2) {
this.pl = pl; this.p2 = p2;

public void setFirst(Integer pl) { this.pl = pl;}
public Integer getFirst() { return pl;}

public void setSecond(Integer p2) { this.p2 = p2;}
public Integer getSecond() { return p2;}
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public Pair(T pl, K p2) {
this.pl =pl;
this.p2 = p2;

public void setFirst(T pl) {
this.pl =pl;

public T getFirst() {
return pl;

public void setSecond(K p2) {

} ) public static void iWouldLikeToKnowAtCompileTime() {
Pair pl = new Pair(new Integer(5),new Integer(6));
A — — doSet(pl); //Eroare de executie
Pair p2 = new Pair(new Ceasornicar(),new Clock());
doSet(p2);
Pair p3;
p3 =p2; //Riscant, dacd elementele perechii
doSet(p3); //nu sunt de tipurile corespunzatoare ?
p3 =pl; //Riscant, daca elementele perechii
//nu sunt de tipurile corespunzatoare ?
§ doSet(p3); //Eroare de executie g
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public class Utilities { ”SOI"tla” parametrii de tip So‘utla(l)
private static PairCeasornicarClockType doSet(PairCeasornicarClockType p) { ’ 9
Ceasornicar om = p.getFirst(); )
ClockType aparat = p.getSecond(); public class Pair<T,K> { tip/clasé
om.regleaza(aparat); public class PairCeasornicarClockType { private T pl; L. argument de
return p; private Ceasornicar pl; ClockType p2; private K p2; generica tip ex. Integer
}

Pair<iInteger, Integer>

Pair<Integer,Clock>
e0e
P ook | Tipuri parametrizate
— Par i - sau “incovari” ale
-pl:T R tipului generic
-p2:K

+Pair(p1 : T, p2 : K)
+setFirst(p1 : T) : void
+getFirst() : T
+setSecond(p2 : K) : void
+getSecond() : K

this.p2 = p2;
public K getSecond() {
return p2;
}
T — —

Crearea de obiecte
ale unui tip
parametrizat

in UML

new Pair<integer, Integer> ();




public class ClockCommand {

public static Pair<Ceasornicar,ClockType>

doSet(Pair<Ceasornicar,ClockType> p) {
Ceasornicar om = p.getFirst();
ClockType aparat = p.getSecond();
om.regleaza(aparat);
return p;

public static void createSetAndDisplay(Clock aparat) {

Ceasornicar om = new Ceasornicar();
Pair<Ceasornicar,ClockType> p =

new Pair<Ceasornicar,ClockType>(om, aparat);

Pair<Ceasornicar,ClockType> res =
ClockType ¢ = res.getSecond();
System.out.printin(c);

}

public static void iWouldLikeToKnowAtCompileTime() {

Pair<integer,Integer> pl| =

new Pair<Integer,Integer>(new Integer(5),new Integer(6));

doSet(pl);//Eroare compilare
Pair<Ceasornicar, ClockType> p2 =
new Pair<Ceasornicar, ClockType>(

new Ceasornicar(),new Clock());// Putem pune subtipuri

doSet(p2);

Pair<Ceasornicar, ClockType> p3;
p3 =p2;

doSet(p3);

p3 = pl;//Eroare compilare
doSet(p3);

Solutia(ll)

public class Pair<T,K> {
private T pl;
private K p2;
public Pair(T pl, K p2) {
this.pl = pl;
this.p2 = p2;

public void setFirst(T pl) {

doSet(p); proper I
ispl =pl;

public T getFirst() {
return pl;

}
public void setSecond(K p2) {
this.p2 = p2;

public K getSecond() {
return p2;
}

}
[—

Implements/Extends (1)

public interface Pairlntereface<T,K> {
public T getFirst();
public K getSecond();
T — i
public class Triple<T,K,Z> extends Pair<T,K> {
public class Pair<T,K> private Z p3;
implements Pairlntereface<T, K>{ public Triple(T pl,K p2,Z p3) {
private T pl; super(pl, p2);
private K p2; this.p3 = p3;
public Pair(T pl,K p2) {
this.pl =pl; public void setThird(Z p3) {
this.p2 = p2; this.p3 = p3;
}
public void setFirst(T pl) { public Z getThird() {
) this.pl = pl; return p3;
public T getFirst() { }
return pl; — —
}
public void setSecond(K p2) {
this.p2 = p2;
}
public K getSecond() {
return p2;
}
}
T T— —

Implements/Extends (Il)

public class MySpecialBooleanPair implements Pairintereface<Boolean, Boolean> {

private boolean bl,b2;

public MySpecialBooleanPair(boolean bl, boolean b2) {

this.bl =bl;
this.b2 = b2;

public Boolean getFirst() {
return bl;

}
public Boolean getSecond() {
return b2;

public class TripleWith2Integers extends Pair<Integer,Integer> {
private Integer p3;
public TripleWith2Integers(Integer p|, Integer p2, Integer p3) {
super(pl, p2);
this.p3 = p3;

Po

Pairintereface<Integer,Integer> a;

a = new Pair<Integer, Integer>(new Integer(5), new Integer(6));
System.out.printin(a);

a = new Triple<Integer,Integer|
System.out.printin(a);

a = new TripleWith2Integers(new Integer(0), new Integer(9), 0);
System.out.printin(a);

a = new MySpecialBooleanPair(false, false); //Eroare de compilare

eger>(new Integer(5), new Integer(6), new Integer(8));

limorfism (de subtip)

T TT—

T
tele
‘azv argu :ap se
/ cat timP ip/SW
cat ia supP licatiile
de tips Y€ Jate
mentine igoare




Multe limitari

a. Nu putem folosii tipuri primitive ca argumente de tip
ex. Pair<int,int> - eroare compilare (solutie: clase infdsurdtoare ex. Integer)
b. Nu putem crea instante de-a unui parametru de tip
ex. new T(); - eroare compilare (solutie: prin reflexion)
c. Nu putem crea tablouri de-a unui parametru de tip

ex. new T[...]; - eroare compilare (dar putem declara referinte la tablouri T[] x;)
(solutie: folosim colectii/containere)

d. Nu putem folosii instanceof

ex. x instanceof T - eroare compilare (solutie: prin reflexion)
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Bounded type parameters ()

public class NamedGenericPair<T,K> {
private T pl;
private K p2;
public NamedGenericPair(T pl, K p2) {
this.pl =pl;
this.p2 = p2;

public void setFirst(T pl) {
this.pl =pl;

public T getFirst() {
return pl;

public void setSecond(K p2) {
this.p2 = p2;

public K getSecond() {
return p2;

}
public String toString() {
return "(" + pl.toString() + "," + p2.toString() + ")";

Bounded type parameters (1)

public class NamedGenericPair< T extends NamedEntity,K extends NamedEntity> {
private T pl;

private K p2; ry—r :
public NamedGenericPair(T pl, K p2) { public interface NamedEntity {

this.pl = pl; public String getName();
this.p2 = p2; }
T T—

public void setFirst(T pl) {
this.pl =pl;

public T getFirst() {

e
return pl; orm?2 &Tn
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public void setSecond(K p2) {
this.p2 = p2;

public K getSecond() {
return p2;

}
public String toString() {

return "(" + pl.getName() + "" + pl.toString() + "." + p2.getName() + ":" + p2.toString() + ")";
}

}

Se pune o limita superioara la argumentele de tip: sa fie tipul NamedEntity sau subtip de-al sdu
NamedGenericPair<Integer,Integer> x; //Eroare compilare
NamedGenericPair<NamedEntity,NamedEntity> y;

Cateva elemente mai avansate ...

(lucrurile nu sunt chiar asa triviale)




Lucruri “evidente” si unele
“ciudatenii” la o prima vedere

‘public class Atentie { Oi‘lcedseubtlp
public static void main(String[] args) {
Ceasornicar person = new Ceasornicar(); ClockType

Clock ¢ = new Clock();
EnhancedClock ec = new EnhancedClock();

Pair<Ceasornicar,ClockType> a = new Pair<Ceasornicar,ClockType>(person,c);
a.setSecond(ec); /Se accepta orice referinta de tipul dar ori de un subtip de-al sau

Orice subtip
Pair<Ceasornicar,Clock> b = new Pair<Ceasornicar,Clock>(person,c); de
b.setSecond(c); Clock
b.setSecond(ec);//Eroare compilare - la b al doilea element e neaparat tip/subtip de-ai
/i Clock

a = b; //Eroare compilare !
a.setSecond(ec);

}

}

T — ——
a - este o referinti spre b - este o referinta spre Explicatie: Dacd s-ar permite

un obiect pereche ce un obiect pereche ce atribuirea in obiectul referit de

. . a si b am putea pune ca al
poate contine un poate contine un doilea element un

Ceasornicar si orice fel de  Ceasornicar si un Clock EnhancedClock (linia

ClockType urmitoare) desi obiectul NU
poate tine un EnhancedClock
(el poate tine numai Clock) si
deci ar apare o
eroare de executie

Quiz
Este ok sa spunem ?

Pair<Ceasornicar,ClockType> x = new Pair<Ceasornicar,Clock>(person,c);

NU!

X - este o referinta spre
un obiect pereche ce
poate contine un
Ceasornicar si orice fel de
ClockType

... iar obiectul creat poate
contine numai
Ceasornicar si Clock!!!

Wildcard limitat superior

public class Atentie {

public static void main(String[] args) {
Ceasornicar person = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();

Pair<Ceasornicar,? extends ClockType> a = new Pair<Ceasornicar,Clock>(person,c);
a.setSecond(c); //Eroare compilare pentru ca nu se mai poate garanta la compilare

/lca situatia anterioara nu apare la rulare (ca obiectul referic chiar poate tine un Clock
Pair<Ceasornicar,Clock> b = new Pair<Ceasornicar,Clock>(person,c);

a=Db;//E ok.
a.setSecond(ec);//Eroare compilare ca mai sus; se poate face numai a.setSecond(null);

}

T T—
a - este o referinta spre

un obiect pereche ce poate contine un Ceasornicar si orice fel de ClockType
SAU

un obiect pereche ce poate contine un Ceasornicar si orice fel de Clock
SAU

——

Daca avem class 6<T> {}

si o referintd cu

G<? extends Something> g:

la apelarea metodelor ce au un
argument T putem da doar null
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