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Outline of Topics

● What is Reflection
● The Clas s  class

● Run Time Type Identification (RTTI)
● Gett ing Class Information
● Accessing an arbitrary object's fields
● Advanced features
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Reflection

● Introduced in Java 1.1
● Allows you 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,
Ser ialization, RMI, and other goodies.

● Reflection is an enabling technology.
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The Class  Object

● Cl ass  objects represent a loaded class

● Can find out information about the class
– its methods

– its fields

– its superclass

– the inter faces it implements

– whether it is an ar ray
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Obtaining a Cl ass  Object

● I f you know a class name, can get it:
  Class c1 = String.class;

  Class c2 = Employee[].class;

● Can get it from any object, using get Class :
void printType( Object obj )

{

  Class c3 = obj.getClass( );

  System.out.println( c.toString( ) );

}

● Can get it by loading the class using the
fo r Name static method:
Class c = Class.forName( "java.util.Date" );
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public class Class

{

  public String getName( );

  public boolean isInterface( );

  public boolean isArray( );

  public Class getSuperclass( );

  public Class[] getInterfaces( );

  public Class[] getClasses( ); // inner classes

  public Object newInstance( );

  public static Class forName( String name );

  public Method[] getDeclaredMethods( );

  public Method[] getMethods( );

}

What's In Cl ass ?
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Reflection Classes
● Found in j ava. l ang. r efl ect

● Met hod : Allows you to get info about an
arbitrary method, and even invoke one

● Fi eld : Allows you to get the name and access
an arbitrary field

● Constru ctor : Allows you to get info about
an arbitrary constructor , and even invoke one

● Ar r ay : Contains static methods to create and
access arbitrary arr ays
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Example: Array Expansion

● Want to wr ite automatic array doubling code.
● Here is typical idea, but it does not work
  public Object[] doubleArray( Object[] arr )

  {

    int newSize = arr.length * 2 + 1;

    Object[] newArray = new Object[ newSize ];

    for( int i = 0; i < arr.length; i++ )

        newArray[ i ] = arr[ i ];

    return newArray;

  }

● But: even if arr  is Foo[ ] , actual returned
object Object [ ]  can't be downcast to Foo[ ] .
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Solution
  public Object doubleArray( Object arr )

  {

    Class cl = arr.getClass( );

    if( !cl.isArray( ) ) return null;

    int oldSize = Array.getLength( arr );

    int newSize = oldSize * 2 + 1;

    Object newArray = Array.newInstance(

           c1.getComponentType( ), newLength );

    System.arraycopy( a, 0, newArray, oldSize );

    return newArray;

  }

● Notes: ar ray  can be in t [] ; ar r ayco py  is
faster than a loop (fewer bounds checks)
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The Array  Class
public clas s Arr ay

{

    // All of th ese a r e st atic

  publi c in t get Lengt h( Ob j ect arr  ) ;

  publi c Obj ect newIn stanc e( C l ass comp, int leng t h );

  publi c Obj ect get( Objec t ar r , in t ind ex ) ;

  publi c vo i d se t ( Ob j ect arr, int  i ndex , Obj ect val ) ;

    // Vari ous s pecia l ized ver sions :

  publi c in t get I nt( Objec t ar r , in t ind ex ) ;

  publi c vo i d se t Int( Obje ct a r r, i nt in dex, int  val ) ;

}
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Accessing a Class' Members
● From Cl ass  object, you can get Met hod

objects that reflect all methods, Fi eld  objects
that reflect all fields, and Construc t or
objects that reflect all constructors.

● Two versions (use Field  as example)
– getF i eld  gets a public field given name

– getD eclaredFi eld  gets a field declared in this
class (but not superclass); could be pr ivate

– getF i elds  gets an ar ray of public fields

– getD eclaredFi elds  gets an arr ay of fields
declared in this class (but not superclass); could be
pr ivate

12

Example: List Visible Class Functions

public void printClassMethods( String name )

{

  try {

    Class cl = Class.forName( name );

    Constructor c = cl.getConstructors( );

    for( int i = 0; i < c.length; i++ )

      System.out.println( c.toString( ) );

    Method m [] = cl.getMethods( );

    for( int i = 0; i < m.length; i++ )

      System.out.println( m.toString( ) );

  } catch( ClassNotFoundException e ) {

    System.out.println( name + " not found" );

  }
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Using a Metho d Object

● From Method  object
– Can find out everything about method signature

– Invoke a method with normal dynamic binding.
– You can obtain a Method  from a signature, or get a

list of all methods.

● To specify the signature, give an array of
Cl ass  objects that represent the types of the
parameters.
– Array wil l be zero-length if no parameters
– Special Class  objects for pr imitives
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What's In Metho d Class

● Various accessors to get info. Also i nvok e.
public class Method

{

  public Class getReturnType( );

  public Class[] getParameterTypes( );

  public String getName( );

  public int getModifiers( );

  public Class[] getExceptionTypes( );

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

}

● The modifiers are stored as a bit pattern; class
Modifie r  has methods to interpret the bits.
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Some Details

● Parameters and return types are Objects. I f the
actual types are pr imitives, they will be
wrapped using one of the eight wrapper classes.

● The first parameter to invoke is the controlling
object (good idea to use nul l  for static
methods, but not required). The second
parameter is the parameter list.

● When you use i nvok e beware:
– I t is much much slower than static invocation

– You have to handle all the exceptions

– You lose lots of compile-time checks
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Exceptions

● I f invoked method throws an exception,
in voke  will throw an
In vocat i onTarget Excep t ion

● Can get or iginal via getExc eptio n

● Lots of other exceptions to worr y about before
you call i nvo ke:
– Did class load? Clas sNotFoundE xception

– Was method found? NoSuchMethodE xception

– Can you access method? I l le gal AccessExcept i on
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Representing the Primitive Types
● Special Clas s  objects for the pr imitives:

– Inte ger.TYPE  is the Cl ass  object for i nt

– There is a type for each of the eight pr imitives
– Void . TYPE is the Clas s  object for void

● Not the same as
– Inte ger.class  which is the Class  object for

Inte ger  wrapper

● Also Clas s  types for arrays
– for example, class type for i nt[][]  is

Inte ger.TYPE[ ] [].class
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Steps To Invoke A Method
● Get a Cl ass  object for the class that contains

the method
● Get a Method  object, m. Will need name of

method, and an arr ay of Cl ass  objects.
● Form an array of Obj ect  that contains the

parameters to pass (second argument to
m.i nvok e). Pass the controlling object or null
(if static method) as the first parameter .

● Catch I nvoc atio nTarg etExc epti on
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Example: Run any main
// A ssumes imp ort statem ents prese nt

// R un the mai n for any c lass clas sName

// T his is the  main logi c ; excepti on handlin g is on ne xt slide

publ i c static void invok eMain( Str i ng classN ame, Objec t [] params  )

{

  tr y {

    Class cl =  Class.for Name( clas sName );

    Class[] ma i nsParamTy pes = new Class[] { String[].c l ass };

    Method mai nMethod = c l.getMeth od( "main" , mainsPar amTypes );

    i f( !Modif i er.isStat i c( mainMe t hod.getMo difiers( )  ) )

      System.o ut.println ( "Oops... main  is n ot static! " );

    else if( m ainMethod. getReturnT ype( ) != Void.TYPE )

      System.o ut.println ( "Oops... main  does n't return  void!" );

    else

      mainMeth od.invoke( null,  par ams );

  }
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Example: Run any main (exceptions)
  ca t ch( Class NotFoundEx ception e ) {

    System.out . println( " Cannot fi nd " + cla ssName );

  }

  ca t ch( NoSuc hMethodExc eption e )  {

    System.out . println( " Cannot fi nd main in  " + class Name );

  }

  ca t ch( Illeg alAccessEx ception e ) {

    System.out . println( " Cannot in voke main i n " +

                                                 class Name );

  }

  ca t ch( Invoc ationTarge t Exception e  ) {

    System.out . println( " main thre w an excep t ion" );

    e.getTarge t Exception ( ).printS t ackTrace( );

  }

}
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The Field  Class

● Can get list of all fields from a Class  object.
● Once you have a Fi eld  class representation of

an object, you can get or set its value.
● For instance (assume Dat e has mont h field, as

a str ing):
Object d = new Date( "July 1, 1993" );

Field f = d.getClass( ).getField( "month" );

System.out.println( f.get( d ) );

● Secur ity check is per formed: if field is
inaccessible, an Ill egal Acces sExce ptio n
is thrown. And fields should be pr ivate!!
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get  and set  For Fi eld

● get  and set  return value in an Objec t .

● Pr imitives are wrapped.
● Special versions for convenience (e.g. get Int ,

get Doubl e, setI nt , etc.)
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Java 1.2: Accessible Objects
● Can request that Fi eld , Method , and

Constru ctor  objects be “accessible.”

● Request granted if no secur ity manager , or if
the existing secur ity manager allows it.

● Can invoke method or access field, even if
inaccessible via pr ivacy rules.

● Blatant secur ity hole, means now you need to
know what a secur ity manager is. Stay tuned....
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Example Of Accessing Private Data
im port j ava. l ang . refl ect.* ;

cl ass H i dden

{

  priva t e st atic int  SECRET = 3 737;

}

cl ass S py

{

  publi c sta t ic i nt g etHid denSecret( )  {

  t ry {

      F i eld f = Hidde n.cla ss.ge t Decl aredF i eld( "SE CRET" );

      f . setA cces s ible ( tru e );  //  Make p r ivat e fi eld a ccess i ble

      r eturn f.g etInt ( nul l );

    }

    cat ch( N oSuchFiel dExce ption e  ) { }

    cat ch( I l leg alAcc essEx cepti on e ) { }

    cat ch( j ava. secur i ty.A ccess Contr olExc eptio n e ) {

      S ystem . out . prin t ln( " Secur ity manag er ob j ect s to t his! " );

    }

    ret urn - 1;

  }

}
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Added In Java 1.3

● Dynamic Proxy Classes
● Automates the creation of proxies

● We wil l discuss a use of the proxy pattern in
more detail later in the course when we discuss
Java 1.2 garbage collection
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The Problem

● Suppose you have an inter face and an
implementation

publ i c interfa ce Foo

{

  vo i d meth1( ) ;

  in t  meth2( ) ;

   . . .

}

clas s FooImpl i mplements Foo

{

 ...

}

● You want to have a new class that does
everything each Foo method in FooImp l  does,
with a litt le before or after the call
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You Need a Proxy Class

● Easy to wr ite: Proxy class stores a reference to the
Foo. For instance to pr int Hello,

clas s FooProxy implement s Foo

{

  public FooPr oxy( Foo d  )

    { delegate =  d; }

  public void meth1( )

    { System.o ut.println ( "Hello" ) ; delegat e.meth1( ) ; }

  public int  meth2( );

    { System.o ut.println ( "Hello" ) ; return delegate.m eth2( ); }

   . . .

  Foo delegate ;

}
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Proxy Pattern
● With the proxy pattern, FooImpl  and

FooProx y  are not usually constructed directly
by the user . Instead, they are handed out by a
FooFact ory  class and only Foo is visible:

publ i c class F ooFactory

{

  public stati c Foo allo cateFoo( )

    { return n ew FooProx y( new Foo I mpl( ) );  }

  pr i vate FooF actory( ) { } // No FooFactory objects

}

● With this pattern, user is oblivious to the fact
that they have a proxy!

● Easy to change implementation of the concrete
Foo instances
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Dynamic Proxies

● Proxies useful to
– do secur ity checks pr ior to each call

– do logging that calls are being made and completed

– do lazy loading or copying

– represent remote objects

● I f inter faces are large, the code to wr ite new
proxies is cumbersome and repeated.

● Reflection can do this for you automatically.
● Downside is that reflection might be too slow;

depends on what the proxy is doing.
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Code Is Straightforward

● Uses two classes:
– Invo cationHan dler  interface; must implement

its invo ke method to do delegation

– Prox y ; usually call i ts newPr oxyInsta nce
method with parameters that explain the class
loader to use, interface being implemented, and a ref
to an invocation handler object.

– Proxy pattern is important; you should understand
the pattern; automatic generation is not so
important now
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Generation of Foo Proxy Class
publ i c class F ooFactory {

  public stati c Foo all ocateFoo( )  {

    r eturn (Fo o) Proxy. newProxyI nstance( Foo.class. getClassLo ader( ) ,

         new C l ass[] { Foo.class } , new Fo oHandler( new  FooIm pl( ) )  ) ;

  }

  pr i vate FooF actory( )  { } // N o FooFacto r y object s

}

clas s FooHandl er  imple ments Inv ocationHan dler {

  public FooHa ndler( Ob j ect d ) {

    delegate =  d;

  }

  public Objec t invoke( Object  pr oxy, Meth od meth, Object[] a r gs )

                        throws T hrowable {

    System.out . println( "Hello"  ) ;

    r eturn met h.invoke( delegate , args );

  }

  pr i vate Obje ct delega t e;

}
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Dynamic Proxy Details

● Can have several inter faces implemented;
order of inter faces matters if inter faces declare
common methods

● Generated Proxy classes
– public, final, not abstract
– extend java.la ng.reflec t .Proxy

– implement the specified inter faces
– constructor populates Pr oxy  base class public

reference h to invocation handler by calling super

● newProx yIns t ance  actually calls
get Prox yCla ss  to get a Clas s  object, and
then newIns t ance  on the Cla ss  object.
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What The New Proxy Class Is
publ i c final c l ass Gene r atedProx y extends Proxy imp l ements Fo o {

  public Gener atedProxy ( Invocat i onHandler h  )

    { super( h  ); handl er = supe r .h; }

  public int m eth2( ) {

    Object ret  = null;

    t ry {

      Method m  = myClas s.getMeth od( "meth2 " , new Cl ass[] { } ) ;

      ret = ha ndler.inv oke( this , m, new O bject[] {  } );

    } catch( T hrowable e ) {

      if( e in stanceof RuntimeEx ception ) t hrow (Ru ntimeExcep t ion) e;

      if( e in stanceof Error )            t hrow (Er r or) e;

    }

    r eturn ((I nteger)re t ).intVal ue( );

  }

    . ..

  pr i vate Invo cationHan dler hand l er;

  pr i vate stat i c final Class myC l ass = Foo . class;

}
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Summary

● Reflection lets you do some cool stuff and is
relatively easy to use.

● Allows RTTI, which is occasionally useful to
you, and crucial for other Java stuff.


