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Reflexia

... capacitatea unui program de a-si observa
si gestiona la executie propria structura

e Class class

Object

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

de exemplu, clasa Object este
reprezentatd la executia unui program
de un obiect instantd a acestei clase:

Class aCls =
Class.forName("java.lang.Object");
System.out.printin(aCls.getName()):

Meta-clasa C I aSS

Class

+getName() : String

+getFields() : Field[*]

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

un obiect al clasei Class

reprezintd o clasa din cadrul programului




Class

Meta-clasa ClaSS (I I)

+getName() : String

+getFields() : Field[*]

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

Obiecte ale clasei Class fiecare ClockType

reprezentind clasa corespunzdtoare

~<interface>>
ClockType

“setTime(hant,mant,sant):vord
+toString():Strin
—‘?3Lﬁ—v-—

AbstractClock SmallClock

AbstractClock StaallClock

[ -hour—int

-minute : int

-second : int

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

>

-time : int
+setTime(h:int,m:int,s:int):void
+oString():String

Clock
EnhancedClock DateClock
Clock ] Tock DateClock
[ | [-mitheecond :int -data : Date
+oString() : Strint +EnhancedClock() +DateClock()
+setTime(h:int, m:int, s:int, ms:int):void +setDate(d : Date) : void
+oString():String +oString() : String

ATENTIE !!!

in programarea orientatd pe obiecte notiunea de
clasa si obiect sunt evident diferite

in mecanismul de reflexie este doar o chestiune de
reprezentare si nu se schimba aceste notiuni:

o clasa din program este reprezentata de un obiect
si, ca orice obiect, e definit de o clasa
(meta-clasd) in speta clasa Class

Accesul la obiectele Class

1) getClass():Class definita in Object
2) NumeClasa.class ex. Integer.class, int.class,
Object.class, etc.

3) Pt. clasele infdsurdtoare existda un camp
special TYPE ex. Integer.TYPE

4) forName(nume:String):Class

Numele complet calificat

Class

;‘ge1Name() : String
tFields() : Field[* . . > ~ .

ime'ZmZﬂJO ;ﬁe[[h]od[*] bytecode-ul clasei trebuie sa fie gasit la

et ore) - Conmuctorl] runtime ex. in folderele specificate prin classpath altfel

for! lame : String) : Class o o
se arunca exceplia verificatd ClassNotFoundException

Referini,:e la obiectele Class

Class c;//poate referii orice obiect class unele erori de programare pot fi
¢ = Integer.class; observate tarziu, la runtime; nu
¢ = Object.class; ne-ar putea ajuta compilatorul ?

Class<Integer> i;//numai obiectul class reprezentand clasa Integer
i = Integer.class;

i = int.class;

i = Object.class; //Eroare de compilare

Class<Number> n;//numai obiectul class reprezentind clasa Number din biblioteca
/l)ava (superclasa pentru clasele infdsurdtoare numerice)

n = Number.class;

n = Integer.class; /Eroare de compilare

n = Object.class; //Eroare de compilare

Class<? extends Number> nb; //obiectul class reprezentind clasa Number ori o
//subclasd a lui Number
nb = Number.class;
nb = Integer.class;
nb = Object.class; //Eroare de compilare
T — —




Metode interesante din Class

s e !
Class e de fapt genericd )
[ + ime T
DT i
Class [——
ek
:
+newlInstance() : T mine st SeoTma ST
i : j : Freercitgg |  LztoSting(:String
+isinstance(o : Object) : boolean [ — e
+cast(o : Object) : T toSiringSting

Clock EnhancedClock DateClock
“millisecond - int ~Gala : Date

+10String( - Strin “+EnhancedCIock() +DateClock()
+setTime(hint, mint, sint, ms:int):void +setDate(d : Date) : void
+0String() Strin +toString() : Strin

[Class clockClass = Clock.class;
Clock aClock = (Clock) clockClass.newlInstance();

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

creaza o instanta a clasei respective :)
trebuie sa aiba constructor no-arg altfel se
arunca exceptie verificata

(exista variante si pentru cazul cind avem
numai constructori cu argumente)

Metode interesante din Class

e '
Class e de fapt genericd )
_____
LT
1
Class [
AbstraciCiock
o — —
:
+newlInstance() : T minte st SeoTa ST
i : j : FeAbsiraciOlogy ] L+oString():String
+isInstance(o : Object) : boolean e — [ |
+cast(o : Object) : T +10Siing)Siing

Clock EnhancedClock DateClock
“millisecond - int

+10String( - Strin “+EnhancedClock() “+DateClock()
setTime(h:int, mint, sint, msiint)void +setDate(d : Date) : void
+t0String():String +oString() : Strin

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

}

true daca obiectul referit de
someObjectRef este de tipul reprezentat
de obiectul referit de clockTypeClass

(ca la operatorul instanceof)

Metode interesante din Class

Class e de fapt genericd :)
-----  ———
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Class clockTypeClass = ClockType.class;
if(clockTypeClass.isInstance(someObiject)) {
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Realizeazia un eact

Object x = new B(): Quiz

X instanceof B TRUE

X instanceof A TRUE

2 x.getClass().equals(A .clne;: :

x.getClass() == A.clar st

x.getClass().equals(B.” T~*




Meta-Modelul Java

(conceptual si simplificat)

Field

+getName() : String
+getDeclaringClass() : Class
+getModifiers() : int
+getType() : Class

+get(o : Object) : Object
+set(o : Object, v : Object)

o
me Class class is only o st
] ] +getName() : String ‘+getName() : String
[ ] +getFields() : Field[*] +getDeclaringClass() : Class
() +getMethod() : Method[*] +getExceptiontTypes() : Class[*]
+getConstructors() : Constructor{*] +getParameterTypes() : Class[*]
+forName(className : String) ; Class +newInstance(Obiect... args) : Object
Method

+getName() : String
+getDeclaringClass() : Class
+getParameterTypes() : Class[*]
+getReturnType() : Class
+invoke(o:Object, args[*]:Object) : Object

java.lang.reflect
o
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Exemplul |- Oglinda )

package exemple.oglinda;
import java.lang.reflect.Field;
import java.lang.reflect.Method;
public class Mirror {
public static void main(String[] args) {
for(String aClassName : args) {
try {
Class aClass = Class.forName(aClassName);
System.out.printin(aClass.getName());

System.out.printin(“\tls an interface? :" + aClass.isInterface());
for(Field aField : aClass.getFields()) {

System.out.printin("\tField name:" + aField.getName());
System.out.printin("\t\tField type:" + aField.getType().getName());
}

for(Method aMethod : aClass.getMethods()) {
System.out.printin("\tMethod name:" + aMethod.getName());

System.out.printin("\t\tMethod return type:" + aMethod.getReturnType().getName());
for(int i = 0;i < aMethod.getParameterTypes().length; i++) {

System.out.printin("\t\t Arg " + i + ":" + aMethod.getParameterTypes()[i].getName());
}

}

System.out.printin();

Exemplul |- Oglinda )

‘pack.age exemple.oglinda;
import java.lang.reflect.Field;
import java.lang.reflect.Method;

Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin/ Mirror.java
Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin exemple.oglinda.Mirror

Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin exemple.oglinda.Mirror exemple.oglinda.Mirror
exemple.oglinda.Mirror

- ; Is an interface? ffalse
public class Mirror { Method name:main
public static void main(String[] args) { Method return type:void
N . Arg 0:[Ljava.lang String;
for(String aClassName : args) { Method rame-wait
try { Method return type:void
Class aClass = Class.forName(aClassNamg¢ ﬁ:g {Hong
System.out.printin(aClass.getName()); Method name:wait
System.out.printin(“\tls an interface? :" + a| l:l\ethgf return type:void
N . . . rg O:long
for(Field aField : aClass.getFields()) { Method name:wait
System.out.printin("\tField name:" + aField Meth ?ethed rewrn type:void
System.out.printin("\t\tField type:" + aFiel( ethod nameequals

Method return type:boolean
Arg O:java.lang.Object
for(Method aMethod : aClass.getMethods(| Me‘h°f4"a’"e:‘°s"'"g N )
. - " lethod return typesjava.lang String
System.out.printin("\tMethod name:" + al

Method name:hashCode
System.out.printin("\t\tMethod return typ| Method return typerint

o 32 2 Method name:getClass
for(int i = 0;i < aMethod.getParameterTyj €

) - . Method return typeijava.lang.Class
System.out.printin("\t\t Arg " +i + """ + 2 Method name:notify

Method return type:void

y Method name:notifyAll = X
Method return type:void . clasdy
ce . o
System.out.printin(); T — asta Pe“tru O“et ca“ﬂCa’\f-y
} catch(ClassNotFoundException e) { } catch(ClassNotFoundException e) { ) si pot face el ¢°.‘.“ itla rulare n
System.err.printin("Class " + aClassName + " not found!"); System.err.printin(“"Class " + aClassName + " not found!"); > cificand nuv 3 fie gas!
spe:‘ el grebuie S en-ul dat
codu classp?
m m

Exemplul 2 - Plugin-uri

| package exemple.plugins;
public interface Plugin {
public void execute();

package exemple.plugins;

import java.io.BufferedReader;

import java.io.lOException;

import java.io.InputStreamReader;

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) {
try {

Class loadedClass = Class.forName(aPluginClassName);
Class pluginClass = Plugin.class;
Object anObject = loadedClass.newlnstance();
if(pluginClass.isInstance(anObject)) {

Plugin aPlugin = (Plugin)anObject;

aPlugin.execute();

} catch(ClassNotFoundException e) {
System.out.printin("Plugin class not found!");
} catch(InstantiationException | lllegalAccessException €) {
System.out.printin("Plugin class cannot be instantiated - concrete/accesible/no-arg constructors?”);

Exemplul 2 - Plugin-uri

| package exemple.plugins;
public interface Plugin {
public void execute();

package exemple.plugins;

import java.io.BufferedReader;

import java.io.|OException;

import java.io.InputStreamReader;

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) {
try {

Class loadedClass = Class.forName(aPluginClassName);
Class pluginClass = Plugin.class;
Object anObiect = loadedClass.newlnstance():
|f(l;::jugi|nn§ Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin Plugin.java Main.java
aPIﬁ in Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin:/Users/Pepi/Desktop/dropplugins/
gin, exemple.plugins.Main
test
}caech(Cly Plugin class not found!
System.o N X
exemple.plugins.Plugin
} catch(Inst N . . ) )
System.d Plugin class cannot be instantiated - concrete/accesible/no-arg constructors? ”);
} personal.MyPlugin
) Plugin class not found!

) T —




Exemplul 2 - Plugin-uri (II)

’package personal;

public class MyPlugin implements exemple.plugins.Plugin {
public void execute() {
System.out.printin(“Plugin-ul meu se executa!");

}
}
T T—

javac -cp bin/ -d dropplugins/ MyPlugin.java
T T—

Pepis-MacBook-Pro:Desktop Pepi$ javac -d bin Plugin.java Main.java
Pepis-MacBook-Pro:Desktop Pepi$ java -cp bin:/Users/Pepi/Desktop/dropplugins/
exemple.plugins.Main

test

Plugin class not found!

exemple.plugins.Plugin

Plugin class cannot be instantiated - concrete/accesible/no-arg constructors?
personal.MyPlugin

Plugin class not found!
personal.MyPlugin

Plugin-ul meu se executa!

T —
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Exemplul 3 - Plugin si mai flexibil

9,

package exemple.maiflexibil;
import java.io.BufferedReader;
import java.io.|OException;
import java.io.InputStreamReader;
import java.lang.reflect.Invocation TargetException;
import java.lang reflect.Method;
public class Main {
public static void main(String[] args) throws IOException {
BufferedRead Read \

bf = new Buffered ( P Reader(System.in));
String aPluginClassName;
while((aPluginClassName = bf.readLine()) = null) {
wy{

Class loadedClass = Class.forName(aPluginClassName);
Object anObject = loadedClass.newlnstance();
String methodName = bf.readLine();
Method theMethod= loadedClass.getMethod(methodName,new Class[] {}); //Cautam o metoda cu acest nume si fara argumente
theMethod.invoke(anObject, new Obiject[] {}); //Se pot da si argumente daca ar exista :)
} cateh(ClassNotFoundException e) {
System.out.printn("Plugin class not found!");
h iati ion | lllegalAccessException e) {
System.out.printin("Plugin class cannot be instantiated - concrete/accesible/no-arg constructors?");
} cateh (NoSuchMethodException e) {
System.out.printin("Methed not found!");
} cateh (SecurityException e) {
System.out.println("Security exception:" + e);
} catch (lllegalArgumentException e) {
System.out.println("lllegal arguments exception:" + e);
} catch (InvocationTargetException e) {
System.out.printin("Invocation target exception:" + e);
}

Exemplul 3 - Plugin si mai flexibil

’

package exemple.maiflexibil;
import java.io.BufferedReader;
import java.io.|OException;
import java.io.InputStreamReader;
import java.lang.reflect.Invocation TargetException;
import java.lang reflect.Method;
public class Main {
public static veid main(String[] args) throws IOException {

der bf = new Buff (new Inp ystem.in));
String aPluginClassName;
while((aPluginClassName = bf.readLine()) != null) {
wy{

Class loadedClass = Class.forName(aPluginClassName);
Object anObject = loadedClass.newlnstance();
String methodName = bf.readLine();
Method theMethod= loadedClass.getMethod(methodName,new Class[] {}); //Cautam o metoda cu acest nume si fara argumente
theMethod.invoke(anObject, new Obiject[] {}); //Se pot da si argumente daca ar exista :)
} cateh(ClassNotFoundException e) {
System.out.printin("Plugin class not found!");
} catch(l iationExcep | Nlegal A Excep D
System.out.println("Plugin class cannot be instantiated - concrete/accesible/no-arg constructors?");
} cateh (NoSuchMethodException e) {
System.out.printin(*Methed not found!");
} catch (SecurityException e) {
System.out.printl
} catch (lllegalArgument
System.out.printlf
} catch (InvocationTargetExcepuome
System.out.printl
} java -cp bin:/Users/Pepi/Desktop/drop/ exemple.maiflexibil. Main
} test

} Plugin class not found!
T —

javac -d bin Main.java

Exemplul 3 - Plugin si mai flexibil (II)

-
-

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

}
}
T —

javac -d drop SomeClass.java
T T—— S—

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 :)

T — S




