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Meta-class C I a.SS

Object

+toString() : String
+equals(o:Object) : boolean
+hashCode() : int
#finalize() : void
+getClass() : Class

for example, the class Object is
represented during a program execution
by an instance of this class:

Class

Class theObjectClass =
Class.forName(“java.lang.Object”); +getName() : String
System.out.printin(theObjectClass.getNa | +getFields() : Field["]
me()); +getMethod() : Method[*]
+getConstructors() : Constructor[*]
+forName(className : String)_: Class

an object of class Class
represents a class from our program

Class

Meta-clasa ClaSS (I I)

+getName() : String

+getFields() : Field[*]

+getMethod() : Method[*]
+getConstructors() : Constructor[*]
+forName(className : String)_: Class

Instances of class Class representing the ClockType
corresponding classes

~<interface>>
ClockType

+setTime(h:int,m:int,s:int):voic
+oString():String

N VL
AbstractClock SmallClock
b AbstractClock SinaliCiock
“minute ¢ i time :int
Sm;'c‘;:ﬁj'::“‘ setTime(hantmint,sandvoid
+AbsiractClook() \oSting Sting
+setTime(h:int,m:int,s:int):void
+IOStrinE :Strina
v
= \
Clock
EnhancedClock DateClock
Clock | lock DateClock
[ | |[-mificecond int -data : Date
+t03mﬂg() B Smng +EnhancedClock() +DateClock()
+setTime(h:int, m:int, s:int, ms:int):void +setDate(d : Date) : void
+mS|vmg :Slnng +toString H String

Be careful ...

in object-oriented programming the class notion
and the object notion are (obviously) totally
different

the previous notions do not change in reflection;
it is only a matter of representing

the entities from a program:

a class from a program is represented by

an object and, like any other object, it is defined
by a class (meta-class) named Class

Accessing the Class objects

1) getClass():Class defined in Object

2) ClassName.class e.g., Integer.class, int.class,
Object.class, etc.

3) For wrapper classes there is a special field
TYPE e.g., Integer.TYPE

4) forName(name:String):Class

The fully qualified name

Class

+getName() : String

+getFields() : Field[*]

+getMethod() : Method[*]
+getConstructors() : Constructor[*]
+for me : String)_: Class

the class bytecode must be found at runtime
in some folder specified in the classpath; otherwise the
ClassNotFoundException is thrown




References to Class objects

using another object, some
errors might by observed very
late (e.g., only at runtime); could
the compiler help us ?

Class c;//can refer any Class object
¢ = Integer.class;

¢ = Object.class;

T —

Class<Integer> i;//only the object representing the Integer class
i = Integer.class;

i = int.class;

i = Object.class; /Compile error

Class<Number> n;//only the object representing the Number class from the Java
/Nlibrary (superclass for all wrapper classes)

n = Number.class;

n = Integer.class; //Compile error

n = Object.class; //Compile error

Class<? extends Number> nb; //the Class object representing the Number class
Ilor one of its subclasses

nb = Number.class;

nb = Integer.class;

nb = Object.class; //Compile error

T —
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Interesting methods in Class

The Class class is generic
:- -.l-_ - -: :‘s:é"f'\::‘\(hs\r‘\:‘ int,s:int) void
Class [——
-hour :int AbstraciClock _\\Smallclack
.

+newlnstance() : T i nt e

) RPN -secon e
+|s|nstance(<_) : Object) : boolean TSRO et
+cast(o : Object) : T ZeSngl S

Clock EnhancedClock DateClock
“millisecond - nt ~data : Date
+10String() - Strin +EnhancedClock() +DateClock()

+setTime(hint, mint, sint, ms:int):void +setDate(d : Date) : void
+10String() Strin +t0String() : Strin

Class clockClass = Clock.class;
Clock aClock = (Clock) clockClass.newlnstance();

Class<Clock> clockClassGeneric = Clock.class;
aClock = clockClassGeneric.newlInstance();

T e—

creates an instance of that class ?)

the class must have a no-arg constructor
otherwise an exception is raised

(there are other reflection ways to create
objects when there isn’t a no-arg
constructor)
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Interesting methods in Class

The Class class is generic
:- -.l-_ - -: :‘s:é"r'\::‘\(hs int,s:int):void
Class [

-hour :int AbstraciClock _\Smallcmck

.
+newlnstance() : T =
+is|nstance(<_) : Object) : boolean TSRO et oSty g
+cast(o : Object) : T HeSngl S

Clock EnhancedClock DateClock
“millisecond it ~data : Date
+10String() - Strin +EnhancedClock() +DateClock()

+setTime(hint, mint, sint, ms:int):void +setDate(d : Date) : void
+10String() Strin +t0String() : Strin

Class clockTypeClass = ClockType.class;
if(clockTypeClass.isInstance(someObijectRef)) {

}

T e—

true if the object referred by
someObjectRef is of the type represented
by the object referred by clockTypeClass
(like an instanceof)
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Interesting methods in Class

The Class class is generic
:- -.l-_ - -: :‘s:é"f'\::‘\(hs\r‘\:‘ int,s:int) void
Class [——
-hour :int AbstraciClock _\\Smallclack
.

+newlnstance() : T i nt oA e

) RPN -secon e
+|s|nstance(<_) : Object) : boolean TSRO et
+cast(o : Object) : T ZeSngl S

Clock EnhancedClock DateClock
“millisecond - nt ~data : Date
+10String() - Strin +EnhancedClock() +DateClock()

+setTime(hint, mint, sint, ms:int):void +setDate(d : Date) : void
+10String() Strin +t0String() : Strin

Class clockTypeClass = ClockType.class;
if(clockTypeClass.isInstance(someObject)) {
ClockType aClock = (ClockType)clockTypeClass.cast(someObject);
e

unt na
} ange aty s sed
or using generics / We ca: :‘: the das@-_h s is NO
Class<ClockType> clockTypeClass = ClockType.class; .‘“stant_iaf-ei” e ¥ sf- n e new or
if(clockTypeClass.isInstance(someObject)) { instaceC | when usmgrato\'s)

ClockType aClock = clockTypeClass.cast(someObject); poss‘b f ope s
} N

or.Petru Florin Mihancea




Quiz
Object x = new B();

TRUE

A X instanceof B

x instanceof A e .
me Class class is only

x.getClass().equals(A.cl==— the beginning ?)

x.getClass() == A.class:

EALSE

x.getCIass().equaIs(B.CIass\:

TRUE

e Java Meta-Model

1 o Oy (conceptual and simplified)

(Types() : Class[]
e e e Ore. . g9 0 odel for all the
-A
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Example |- A Mirror )

Example 2 - Plugins

inda: Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin/ Mirror;
‘packzgeA exemple.ogllnda., pﬁﬁ!i.miﬁsgﬁk.piﬁ;oiikﬁ‘; P:[;;s ::::ccp bin ex:r:.;:;ag|inda.r~1irmr package exemple.plugins; package exemple.plugins;
import java.lang.reﬂect.Fleld; Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin exemple.oglinda.Mirror exemple.oglinda.Mirror import java.io.BufferedReader: ublic interface Plugin (
import java.lang.reflect.Method; exemple.oglinda Mirror import java.fo. - ' P o g
- . Is an interface? false import java.io.|OException; public void execute();
public class Miror { Method name:main import java.io.InputStreamReader; }
public static void main(String[] args) { Method return type:void " .MA ] ’
for(String aClassName : args) { Arg O:{Ljava.lang String; PUb"_C class. ain { ) X . (—7 —T|
try { Meth°:| e menoid public static void main(String[] args) throws IOException
al Class = Class forN ClassNi Arg Oilong pe: BufferedReader bf = new BufferedReader(new InputStreamReader(System.in));
Sy:::r: o:tssprintl:(s:&:cl,arss ::“t:\g:m::)s)' vy e </:rg liine String aPluginClassName;
X ~ B 5 ethod name:wait i i = i I=
System.out.printin(“\tls an interface? :" + al P:ethg;i return type:void wlt\:‘le(((aPluglnClassName bireadLine() != nulf) {
. . . rg U:lon,
for(Fiald aField : aClass gecFields() { Method ramewai (y:lass loadedClass = Class.forName(aPluginClassName);
System.out.printin("\tField name:" + aFiel¢ Method return type:void . . g 3
S intn(Me\tField * + aFiel Method name:equals Class pluginClass = Plugin.class;
ystem.out printin("\t\eField type:" + aFie Method return type:boolean Object anObject = loadedClass.newlnstance();
for(Method aMethod : aClass.getMethod: MethO: :\irglea::;::igomm if(pluginClass.isInstance(anObject)) {
for(Method a retnod : at-fass.getl"letho s( Method return typesjava.lang String Plugin aPlugin = (Plugin)anObiject;
System.out.printin("\tMethod name:" + aN Method namethashCode ; .
System.out.printin("\t\tMethod return typ Method return typecint wPuginencutel;
for(int | = 0| < aMethod.getParameterTy e e
- gecara as Ui Metho?i‘x:::ﬂ"" typeiavalang Class } catch(ClassNotFoundException e) {
System.out.printin("\t\t Arg " +i + "" + 3 fy A — "
Method return type:void . System.out.printin("Plugin class not found!");
Method namemotifyAll ~ A ) .
) o menothy/ opecvoid \ass bY } catch(InsuntlaFlonE-xcept':lon | IIIegalAccess.Exceptfon e){ ‘ .
System.out.printin(); nis for any © e 1S System.out.printin("Plugin class cannot be instantiated - concrete/accessible/no-arg constructors?");
-OUE v T — - fied NAM® "~
} catch(ClassNotFoundException e) { / d we fully au@ iy untime in
System.err.printin("Class " + aClassName + " not found!"); ecifying its b at s / }
) SPe” ode Must 7 0y folder }
) S )

Example 2 - Plugins Example 2 - Plugins (Il)

package exemple.plugins; package exemple.plugins; package personal;
import java.io.BufferedReader; public interface Plugin { _ o _ .
import java.io.|OException; public void execute(); public class MyPlugin implements exemple.plugins.Plugin {
import java.io.InputStreamReader; } PUb"sC void execu{'e()l(('M . ing!"
public class Main { ystem.out.printin("My plugin is executing!");
public static void main(String[] args) throws IOException { }
BufferedReader bf = new BufferedReader(new InputStreamReader(System.in)); }
String aPluginClassName; T —
while((aPluginClassName = bf.readLine()) != null) {
ey {
Class loadedClass = Class.forName(aPluginClassName); . —cp bin/ -d d lugins/ MyPlugin.i
Class pluginClass = Plugin.class; Javac -cp bin ropplugins/ Tyrluginjava
Object an [—
if(;luginC Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin Plugin.java Main.java
Plugin a Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin:/Users/Pepi/Desktop/dropplugins/ Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin Plugin.java Main.java
aPlugin, exemple.plugins.Main Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin:/Users/Pepi/Desktop/dropplugins/
test exemple.plugins.Main
} catch(Clal Plugin class not found! test
System.g ©xemple.plugins.Plugin Plugin class not found!
} catch(Inst Plugin class cannot be instantiated - concrete/accessible/no-arg constructors? exemple.plugins.Plugin
System.q personal.MyPlugin rs?"); Plugin class cannot be instantiated - concrete/accessible/no-arg constructors?
} Plugin class not found! personal.MyPlugin
} T — — Plugin class not found!
} personal.l‘fIyP.Iugin . modiﬂed class
} My plugin is executing!
T —

Coa :
/ R""‘.’a?\‘:f dhat simte
— TT— is




Example 3 - Plugin even more
flexible

package exemple.maiflexibil;
import java.io.BufferedReader;
import java.io.lOException;
import java.io.InputStreamReader;
import java.lang.reflect.InvocationTargetException;
import java.lang.reflect.Method;
public class Main {
public static void main(String[] args) throws IOException {
BufferedReader bf = new BufferedReader(new InputStreamReader(System.in));
String aPluginClassName;
while((aPluginClassName = bf.readLine()) != null) {
wy{
Class loadedClass = Class.forName(aPluginClassName);
Object anObject = loadedClass.newinstance();
String methodName = bf.readLine();
Method theMethod= loadedClass.getMethod(methodName,new Class[] {}); //We search a method with this name and no args
theMethod.invoke(anObject, new Obiject[] {}); //We can specify actual arguments when they exist :)
} catch(ClassNotFoundException e) {
System.out.printin("Plugin class not found!");
} catch(InstantiationException | lllegalAccessException e) {
System.out.printin("Plugin class cannot be i iated - conere
} catch (NoSuchMethodException e) {
System.out.printin("Methed not found!");
} catch (SecurityException e) {
System.out.printin("Security exception:" + e);
} catch (lllegalArgumentException e) {
System.out.printin(“lllegal arguments exception:" + e);
} catch (InvocationTargetException e) {
System.out.println(“Invocation target exception:" + e);

g constructors?");

Example 3 - Plugin even more
flexible

} Plugin class not found!

‘wP

package exemple.maiflexibil;
import java.io.BufferedReader;
import java.io.lOException;
import java.io.InputStreamReader;
import java.lang.reflect.InvocationTargetException;
import java.lang.reflect.Method;
public class Main {
public static void main(String[] args) throws IOException {
BufferedReader bf = new BufferedReader(new InputStreamReader(System.in));
String aPluginClassName;
while((aPluginClassName = bf.readLine()) != null) {
wy{
Class loadedClass = Class.forName(aPluginClassName);
Object anObject = loadedClass.newinstance();
String methodName = bf.readLine();
Method theMethod= loadedClass.getMethod(methodName,new Class[] {}); //We search a method with this name and no args
theMethod.invoke(anObject, new Obiject[] {}); //We can specify actual arguments when they exist :)
} catch(ClassNotFoundException e) {
System.out.printin("Plugin class not found!");
} catch(InstantiationException | lllegalAccessException e) {
System.out.printin("Plugin class cannot be i iated - conere
} catch (NoSuchMethodException e) {
System.out.printin("Methed not found!");
} catch (SecurityException e) {
System.out.printl
} catch (lllegalArgumeni
System.out.printl
} catch (InvocationTargetEXcepuOmE)—"—
System.out.printl

} java -cp bin:/Users/Pepi/Desktop/drop/ exemple.maiflexibil.Main
} test

g constructors?");

javac -d bin Main.java

—

Example 3 - Plugin even more
flexible (I1)

package personal;
public class SomeClass {
public void exec() {
System.out.println("exec method is executed now :)");

}
}
T —

javac -d drop SomeClass.java
T T—

java -cp bin:/Users/Pepi/Desktop/drop/ exemple.maiflexibil.Main
test

Plugin class not found!

personal.SomeClass

metoda

Method not found!

personal.SomeClass

exec

exec method is executed now :)

TTTTTTT—

tru Florin Mihancea

Generics

(parametric polymorphism)
in Java

Petru Florin Mihancea




The Basics

Working Example

class ClockMaker {
public void fixTime(ClockType x) {
x.setTime(12, 0, 0);
T T— -
<<interface>>
ClockType
+setTime(h:int,m:int,s:int):void
+toString():String
N WV
s \\\
L
e \\
AD: Tock -
“hour -int SmallClock
R -time : int
_222;‘;2','::‘ +setTime(h:int,m:int,s:int):void
+AbstractClock() +toString():String
+setTime(h:int,m:int,s:int):void
+toString():String
[ Clock lock DateClock
-millisecond : int -data : Date

+toString() : String

+EnhancedClock()
+setTime(h:int, m:int, s:int, ms:int):void
+toString():String

+DateClock()
+setDate(d : Date) : void
+toString() : String

We need ...

.. a class representing a 2-tuple

* a pair of two elements of any type

* constructor/methods to initialize/set the pair elements

* one method to access each element

“Solutionl” : using
(subtype) polymorphism,
because an Object
reference can refer every
type of objects

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) {

ClockMaker man = p.getFirst(); //Compile error
ClockType device = p.getSecond(); //Compile error

man.fixTime(device);
return p;

}

public static void createSetAndDisplay(Clock device) {

ClockMaker man = new ClockMaker();

Pair p = new Pair(man,device);
Pair res = doSet(p);

ClockType c = res.getSecond(); //Compile error

System.out.println(c);

BUT (XX}




public class Urtilities {
private static Pair doSet(Pair p) {

}

ClockMaker man = (ClockMaker)p.getFirst();
ClockType device = (ClockType)p.getSecond();
man.fixTime(device);

return p;

public static void createSetAndDisplay(Clock device) {

ClockMaker man = new ClockMaker();
Pair p = new Pair(man, device);

Pair res = doSet(p);

ClockType ¢ = (ClockType)res.getSecond();
System.out.println(c);

public static void iWouldLikeToKnowAtCompileTime() {

Pair pl = new Pair(new Integer(5),new Integer(6));

doSet(pl); //Runtime error

Pair p2 = new Pair(new ClockMaker(),new Clock());

doSet(p2);

Pair p3;

p3 =p2; //Risky, what if the elements of the pair

doSet(p3); //are not of the corresponding type ?

p3 =pl; //Risky, what if the elements of the pair
//are not of the corresponding type ?

doSet(p3); //Runtime error

BUT (XX}

} ar
} ors maY 2PF . and
) ny erv ible
T — —_— mal fy-mco paﬂb a only at
pecalse & |1 ¢ observe
t T runtime

public class Utilities {

private static PairClockMakerClockType doSet(PairClockMakerClockType p) {

ClockMaker man = p.getFirst();
ClockType device = p.getSecond();
man.fixTime(device);
return p;

}

public static void createSetAndDisplay(Clock device) {
ClockMaker om = new ClockMaker();
PairClockMakerClockType p =

new PairClockMakerClockType(man,device);

PairClockMakerClockType res = doSet(p);
ClockType c = res.getSecond();
System.out.printin(c);

public static void iWouldLikeToKnowAtCompileTime() {
Pairintegerinteger pl =
new Pairlntegerinteger(new Integer(5),new Integer(6));
doSet(pl);//Compile error
PairClockMakerClockType p2 =
new PairClockMakerClockType(
new ClockMaker(),new Clock());
doSet(p2);
PairClockMakerClockType p3;
p3 = p2;
doSet(p3);
p3 =pl;//Compile error
doSet(p3);

olution 2”

public class PairClockMakerClockType {

private ClockMaker pl; ClockType p2;

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

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

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

}

T —

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;}

T S—

—_ .

asses

type parameters

}

T T—

public class Pair<T,K> {
private T pl;

private K p2;

public Pair(T pl, K p2) {

public K getSecond() {
}

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

return p2;

Creating objects of a
parameterized type

—

generic type/
class

Solution

type argument
e.g. Integer

this.pl =pl; .

this.p2 = p2; Pair<iInteger, Integer>
public void setFirst(T pl) { Pair<I nteger,CIOCk>

this.pl =pl;

o000
public T getFirst() { I
} retrn pl; [ E Parameterized types
—Far - or “invocations” of the

public void setSecond(K p2) { %‘x_._ __a ;

this.p2 = p2; i E; ZL generic type

in UML

new Pair<integer, Integer>(...);

public class ClockCommand {
public static Pair<ClockMaker,ClockType>
doSet(Pair<ClockMaker,ClockType> p) {
ClockMaker man = p.getFirst();
ClockType device = p.getSecond();
man.fixTime(device);
return p;

public static void createSetAndDisplay(Clock device) {
ClockMaker man = new ClockMaker();
Pair<ClockMaker,ClockType> p =

new Pair<ClockMaker,ClockType>(man, device);

Pair<ClockMaker,ClockType> res = doSet(p);
ClockType c = res.getSecond();
System.out.println(c);

}

public static void iWouldLikeToKnowAtCompileTime() {
Pair<iInteger,integer> pl =

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

doSet(pl);//Compile error
Pair<ClockMaker, ClockType> p2 =
new Pair<ClockMaker, ClockType>(

new ClockMaker(),new Clock());//We can put subtypes

doSet(p2);

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

doSet(p3);

p3 =pl;//Compile error

doSet(p3);

Solution

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

public void setFirst(T pl) {
thispl =pl;

public T getFirst() {
return pl;

}
public void setSecond(K p2) {

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




Implements/Extends (1)

public T getFirst();
public K getSecond();

public interface Pairintereface<T,K> {

—

—
public class Triple<T,K,Z> extends Pair<T,K> {

public class Pair<T,K>

implements Pairlntereface<T, K>{

private Z p3;
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; S —

public void setSecond(K p2) {

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

. Pecr(FIBM Mihancea

Implements/Extends (Il)

public class MySpecialBooleanPair implements Pairlntereface<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;

}

}

T —

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

Polymorphism guweype

Pairlntereface<Integer,Integer> a;

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

System.out.printin(a);

a = new Triple<Integer,Integer,Integer>(new Integer(5), new Integer(6), new Integer(8));
System.out.printin(a);

a = new TripleWith2Integers(new Integer(0), new Integer(9), 0);

System.out.printin(a);

a = new MySpecialBooleanPair(false, false); //Compile error

T — ——
nts d
ype al gu / uthPe
" pstong upertYPE, o other
ot vary (with | ¢
relatio® lications

Many Limitations (in Java)

a. Type arguments cannot be of primitive type

e.g. Pair<int,int> - compile error (solution: wrapper classes e.g. Integer)
b.We cannot instantiate a type parameter

e.g. new T(); - compile error (solution: use reflection)
c.We cannot create arrays containing a type parameter

references
e.g. new T[...J; - compile error (but we can declare references e.g. T[] x;) _
(solution: use collections/containers) du
. ar
d.We cannot use instanceof | jimitations aPPeeﬂ cs are
d se T i ua!
O X i _ ; inw ng'
e.g. X mstancﬁeof T - compile error (solt the way ced in the Jav ¢ exists /
... (see also the next slide) . slemen S tio
P erasure ~ orma
(usmgo aintain® ctual £YPE
@ g N e
IS garding r the t.yPs
reg re \‘\g“age 9
argum nts 1 e \ad in othe!
eters)’ te
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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; on a variable

having as type

public String toString() { a type
) return "(" + pl.toString() + “," + p2.toString() + )" parameter we
} can invoke only

methods from
the Object class

T e—

Bounded type parameters (Il)

public class NamedGenericPair< T extends NamedEntity,K extends NamedEntity> {

private T pl;
private K p2; =2 :
public NamedGenericPair(T pl,K p2) { public :mterf?ce NamedEntity {
this.pl = pl; public String getName();
this.p2 = p2; }
TT—
public void setFirst(T pl) {
thispl =pl; -
public T getFirst() { form eN
return pl; enel’ the & oo TyP
) ing pel pe the
} Typel & VP ¢ mu
public void setSecond(K p2) { T extends € most an 4
this.p2 = p2; (one class & first)
public K getSecond() { -3

return p2;

}
public String toString() {

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

We set an upper limit to the type parameters: to be of NamedEntity type or of one of its subtypes
NamedGenericPair<Integer,Integer> x; //Compile error
NamedGenericPair<NamedEntity,NamedEntity> y;

Some more advanced elements ...

Some “evident”and some
“weird” things (when first seen)

}
}

T —
a - refers a pair object

public class Warning {
public static void main(String[] args) {

ClockType

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

Pair<ClockMaker,ClockType> a = new Pair<ClockMaker,ClockType>(person,c);

a.setSecond(ec); //We can use a reference of the type argument type or of one of its
I/subtypes

Pair<ClockMaker,Clock> b = new Pair<ClockMaker,Clock>(person,c);

b.setSecond(c);

b.setSecond(ec);//Compile error - b must be of Clock type/subtype

a = b; //Compile error !

a.setSecond(ec);

Clock

—

Explanation: If the assignhment
would be correct then in the
pair referred by a and b we
could put as the second
element an EnhancedClock
(next line) although the pair
object CANNOT contain an
EnhancedClock (it can contain
only Clock types); thus, a
runtime error would be raised

b - refers a pair object
that may contain a
ClockMaker and any
object having the Clock

type

that may contain a
ClockMaker and any
object having the
ClockType type

Any type of

Any type of




Upper Bounded Wildcard Quiz
public class Warning {

public static void main(String[] args) {
ClockMaker person = new ClockMaker();

Is this line ok ?
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();

ir< >x= ir< > :
Pair<ClockMaker,? extends ClockType> a = new Pair<ClockMaker,Clock>(person,c); Pair CIOCkMaker’CIOCkTYPe x = new Pair<ClockMaker,Clock (PEI‘SOI’],C),
a.setSecond(c); //Compile error - the compiler cannot guarantee that the previous situation does not
Ilappear at runtime (that the referred object can contain a Clock)
Pair<ClockMaker,Clock> b = new Pair<ClockMaker,Clock>(person,c);

NO!
a=b;//Ok.

a.setSecond(ec);//Compile error - as the previous one; we can do only a.setSecond(null);

—)—7 m— x - refers a pair c?biect ... but the created object
a - reference to that can contain a can contain only
a pair object that can contain a ClockMaker and any kind of ClockType CI°CK:|?IC(:T;;::: a:y kind ClockMaker and Clock !!!
OR YP
a pair object that can contain a ClockMaker and any kind of Clock
OR When we have class G<T> {}
and a reference
h . G<? extends Something> g;
er : Is alsq he poss; at the invocations of the methods
W Sibjlj i
er boun ded .blhty to have " having an argument of type T we
Wi dcards ) e can use only null as a value for

3 that argument

End of Chapter V

Live Quiz
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