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Introduction to Reflection
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Outline of Topics

What is Reflection

Thed ass class

Run Time Type |dentification (RTTI)
Getting Class Information

Accessing an arbitrary object’sfields
Advanced features

Reflection

Introduced in Java 1.1

Allowsyou to find out information about any
object, including its methods and fields, even if
the type of the object is not known at compile
time

Added to the language to support Beans,
Serialization, RMI, and other goodies.
Reflection isan enabling technology.




The Cl ass Object

o Cl ass objectsrepresent aloaded class

« Can find out information about the class
— itsmethods
— itsfields
— itssuperclass
— theinterfacesit implements
— whether itisan array

Obtaining a Cl ass Object

« If you know a class name, can get it:
Class ¢l = String.class;
Class c2 = Enpl oyee[].cl ass;
o Can get it from any object, usingget d ass:
voi d printType( Object obj )
{
Class ¢3 = obj.getdass( );
Systemout.printin( c.toString( ) );
}
o Can get it by loading the class using the
f or Narre static method:

Class ¢ = Class.forNane( "java.util.Date" );

What'sIn Cl ass?

public class dass
{
public String getName( );
public boolean isinterface( );
public boolean isArray( );
public O ass getSuperclass( );
public Cass[] getlnterfaces( );
public Cass[] getCasses( ); // inner classes
public Cbject new nstance( );
public static Oass forName( String nane );
public Method[] getDecl aredMethods( );
public Method[] get Methods( );




Reflection Classes

Found inj ava. | ang. r ef | ect

« Met hod: Allowsyou to get info about an

arbitrary method, and even invoke one

Fi el d: Allowsyou to get the name and access

an arbitrary field

e Constructor: Allowsyou to get info about
an arbitrary constructor, and even invoke one

« Array: Contains static methodsto create and

access arbitrary arrays

Example: Array Expansion

« Want towrite automatic array doubling code.
Hereistypical idea, but it does not work
public Object[] doubleArray( oject[]rarr )
{
int newSize = arr.length * 2 + 1;
Obj ect[] newArray = new Object[ newSize ];
for( int i =0; i <arr.length; i++)
newArray[ i ] =arr[ i ];
return newArray,;
}
o But: evenifarr isFoo[ ], actual returned
object oj ect [] can't bedowncast to Foo[ ] .
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Solution
public Ooject doubleArray( Object arr )
{
Class cl = arr.getCass( );

if( 'cl.isArray( ) ) return null;
int oldSize = Array.getLength( arr )3
int newSi ze = oldSize * 2 + 1;
bj ect newArray = Array.new nstance(
cl. get Conponent Type( ), newiength );
System arraycopy( a, 0, newArray, ol dSize );
return newArray;
}
« Notes: array canbeint[]; arraycopy is
faster than a loop (fewer bounds checks)




The Arr ay Class

public class Array
{
/I All of these are static
public int getLength( Cbject arr );
publ i c Object new nstance( dass conp, int length );

public Object get( Object arr, int index );
public void set( Cbject arr, int index, Cbject val );

/1 Various specialized versions:
public int getint( Object arr, int index );
public void setInt( Cbject arr, int index, int val )}

}

Accessing a Class’ Members

« From d ass abject, you can get Met hod
objectsthat reflect all methods, Fi el d objects
that reflect all fields, and Const r uct or
objectsthat reflect all constructors.

e Two versions (useFi el d asexample)

— get Fi el d getsapublic field given name

— get Decl ar edFi el d getsafield declared in this
class (but not superclass); could be private

— get Fi el ds getsan array of public fields

— get Decl ar edFi el ds getsan array of fields

declared in this class (but not superclass); could be

private
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Example: List Visible Class Functions

public void printC assMethods( String nane )

{
try {
Class ¢l = dass.forName( nane );
Constructor ¢ = cl.getConstructors( );
for(int i =0; i <c.length; i++)
Systemout.println( c.toString( ) );
Method m[] = cl.getMethods( );
for(int i =0; i <mlength; i++)
Systemout.println( mtoString( ) );
} catch( d assNot FoundException e ) {

Systemout.println( name + " not found" );




Using a Met hod Object

o From Met hod object
— Can find out everything about method signature
— Invoke a method with normal dynamic binding.
— You can obtain a Met hod from a signature, or.get a
list of all methods.
« To specify thesignature, givean array of
Cl ass objectsthat represent the types of the
parameters.
— Array will be zero-length if no parameters
— Special A ass objectsfor primitives

What's In Met hod Class

« Various accessorsto get info. Alsoi nvoke.
public class Method
{

public O ass getReturnType( );

public O ass[] getParaneterTypes( );

public String getNane( );

public int getMdifiers( );

public O ass[] getExceptionTypes( );

public Object invoke( Object o, Qbject[] args);

« Themodifiersare stored as a bit pattern; class
Modi f i er hasmethodsto interpret the bits.

Some Details

« Parametersand return types are Objects. If the
actual typesare primitives, they:will be
wrapped using one of the eight wrapper classes.
Thefirst parameter to invokeisthe controlling
object (good ideato usenul | for static
methods, but not required). The second
parameter isthe parameter list.
e When you usei nvoke beware:

— It ismuch much dower than static invocation

— You haveto handle all the exceptions

— You lose lots of compile-time checks




Exceptions

« If invoked method throws an exception,
i nvoke will throw an
I nvocat i onTar get Excepti on

« Can get original viaget Excepti on

o Lotsof other exceptionstoworry about before
you call i nvoke:
— Did classload? O assNot FoundExcepti on
— Was method found? NoSuchMet hodExcepti on
— Can you accessmethod? | 1 | egal AccessExcepti on

Representing the Primitive Types

« Special d ass objectsfor the primitives:
— I nteger. TYPEisthed ass object for i nt
— Thereisatypefor each of the eight primitives
— Voi d. TYPEisthed ass object for voi d
« Not thesameas
— I nteger.cl ass whichisthed ass object for
I nt eger wrapper
e Alsod ass typesfor arrays

— for example, classtypeforint[][] is
Integer. TYPE[][].cl ass

Steps To Invoke A Method

o Get aCl ass object for theclassthat contains
the method

« Get a Met hod object, m Will need name of
method, and an array of Cl ass objects.

e Forman array of Obj ect that containsthe

parameter sto pass (second argument to
m i nvoke). Pass the controlling object or null

(if static method) asthefirst parameter.
e Catchl nvocationTar get Excepti on




Example: Run any main

/1 Assunes inport statenents present

/1 Run the main for any class classNanme

/1 This is the main logic; exception handling is on next slide
public static void invokeMain( String cl assName, Cbject[] parans )

{
try {
Cass cl = Oass.forNane( className );
O ass[] mai nsParanifypes = new O ass[] { String[].class };
Met hod mai nMet hod = cl . get Met hod( "main", nai nsParanfypes );
if( !'Mdifier.isStatic( mai nMethod. getMdifiers( ) ) )
Systemout.printin( "OCops... main is not static!" );
el se if( mainMethod. get ReturnType( ) != Void. TYPE )
Systemout.printin( "OCops... main doesn't return void!" );
el se
mai nMet hod. i nvoke( null, params );
}

Example: Run any main (exceptions)

catch( O assNot FoundException e ) {

Systemout.println( "Cannot find " + classNane );
}
catch( NoSuchMet hodException e ) {

Systemout.printIn( “Cannot find main in " + classNane );
}
catch( Il egal AccessException e ) {

Systemout. println( "Cannot invoke main in " +

className );

}
catch( InvocationTarget Exception e ) {

Systemout.printin( "main threw an exception" );

e. get Target Exception( ).printStackTrace( );
}

}

The Fi el d Class

o Can get list of all fieldsfrom aCl ass object.

e Onceyou haveaFi el d classrepresentation of
an object, you can get or set itsvalue!

« For instance (assume Dat e hasnont h field, as
astring):
Object d = new Date( "July 1, 1993" );
Field f = d.getClass( ).getField( "nonth" );
Systemout.printin( f.get( d) );

e Security check isperformed: if field is
inaccessible, an | | | egal AccessExcepti on
isthrown. And fields should be private!!




get andset ForField

e get and set returnvaluein an Cbj ect .

o Primitivesarewrapped.
o Special versionsfor convenience (e.g. get I nt,
get Doubl e, set | nt, etc.)

Java 1.2: Accessible Objects

« Canrequest that Fi el d, Met hod, and
Const ruct or objectsbe “accessble.”

« Request granted if no security manager, or if
the existing security manager allowsit.

« Caninvokemethod or accessfield, even if
inaccessible via privacy rules.

« Blatant security hole, means now you need to
know what a security manager is. Stay tuned....

Example Of Accessing Private Data

inport java.lang.reflect.*;
class H dden

private static int SECRET = 3737;
}

class Spy

public static int getH ddenSecret( ) {

try {
Field f = H dden. cl ass. get Decl ar edFi el d( " SECRET" );
f.setAccessible( true ); // Make private field accessible
return f.getint( null );

}

catch( NoSuchFi el dException e ) { }

catch( 111egal AccessException e ) { }

catch( | ava. security. AccessCont rol Exception e ) {
System out. printin( "Security manager objects to thisi® );

}

return -1;




Added In Java 1.3

« Dynamic Proxy Classes
« Automatesthe creation of proxies

« Wewill discussa use of the proxy pattern in
mor e detail later in the cour se when we discuss
Java 1.2 gar bage collection

The Problem

« Supposeyou have an interfaceand an
implementation

public interface Foo

{
void nethi( );
int meth2( );

}

cl ass Fool npl inplements Foo

{

o

« You want to have a new classthat does
everything each Foo method in Fool npl does,
with alittle before or after the call
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You Need a Proxy Class

« Easy towrite: Proxy class storesareferenceto the
Foo. For instanceto print Hello,

class FooProxy inplenents Foo
{
public FooProxy( Foo d )
{ delegate = d; }

public void nethl( )

{ Systemout.printin( "Hello" ); delegate.nethl( ); }
public int meth2( );

{ Systemout.printin( "Hello" ); return delegate. meth2(\); }

Foo del egate;




Proxy Pattern

« With the proxy pattern, Fool npl and
FooPr oxy arenot usually constructed directly
by theuser. Instead, they are handed. out by a
FooFact ory classand only Foo isvisible:

public class FooFactory

{

public static Foo all ocateFoo( )
{ return new FooProxy( new Foolnmpl ( ) ); }
private FooFactory( ) { } // No FooFactory objects

}
o With this pattern, user isobliviousto the fact
that they have a proxy!
o Easy to changeimplementation of the concrete
Foo instances 2

Dynamic Proxies

o Proxiesuseful to

— do security checksprior to each call

— dologging that calls are being made and completed
— dolazy loading or copying

— represent remote objects

If interfaces arelarge, the code to write new
proxiesiscumbersome and repeated.
Reflection can do thisfor you automatically.
Downsideisthat reflection might be too slow;
depends on what the proxy isdoing.

Code Is Straightforward

o Usestwo classes:

— I nvocat i onHandl er interface; must implement
itsi nvoke method to do delegation

— Proxy; usually call itsnewPr oxyl nst ance
method with parameter sthat explain the class
loader to use, interface being implemented, and a ref
to an invocation handler object.

— Proxy pattern isimportant; you should under stand
the pattern; automatic generation isnot so
important now
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Generation of Foo Proxy Class

public class FooFactory {
public static Foo allocateFoo( ) {
return (Foo) Proxy.newProxylnstance( Foo. cl ass. get O assLoader ( ),
new O ass[] { Foo.class }, new FooHandl er (new Foolnpl ( ) ) );
}
private FooFactory( ) { } // No FooFactory objects
}

class FooHandl er inplements InvocationHandl er {

public FooHandler( Chject d) {
del egate = d;

}

public Object invoke( Cbject proxy, Method meth, Cbject[] args )

throws Throwable {

Systemout.printin( "Hello" );
return neth.invoke( delegate, args );

}

private Cbject delegate;

Dynamic Proxy Details

« Can have several interfacesimplemented,;
order of interfaces mattersif interfacesdeclare
common methods

« Generated Proxy classes

— public, final, not abstract

—extendj ava. | ang. refl ect. Proxy

— implement the specified inter faces

— constructor populates Pr oxy base class public
reference h to invocation handler by calling super

newPr oxyl nst ance actually calls

get Proxyd ass toget aCl ass object, and

then newl nst ance on thed ass object. @

What The New Proxy Class Is

public final class GeneratedProxy extends Proxy inplements Foo {
publ i ¢ Generat edProxy( | nvocati onkandl er h-)
{ super( h); handler = super.h; }

public int meth2( ) {
bject ret = null;
try {
Method m = nyQ ass. get Met hod( "neth2", new Class[] { } );
ret = handler.invoke( this, m new Gbject[] { } );
catch( Throwable e ) {
if( e instanceof RuntimeException ) throw (RuntineException) e;
if( e instanceof Error ) throw (Error) e;

return ((Integer)ret).intValue( ):

}

private |nvocationHandl er handl er;
private static final COass nyQass = Foo.class;
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Summary

« Reflection letsyou do some cool stuff and is
relatively easy to use.

o AllowsRTTI, which isoccasionally useful to
you, and crucial for other Java stuff.
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