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Introduction

Meta-programming
The discipline of writing programs that
represent and manipulate other programs or
themselves [GP]

Java meta-programming mechanisms:
reflection
generics
metadata annotations



Reflection

Introduction

Definition
Ability to infrospect metalevel information about
the program structure itself at runtime.

Mechanisms to change the program
iInterpretation or meaning at the runtime
(intercession)
Usually this metalevel information is
modeled using the general abstraction

mechanisms available in the language.



Reflection

Java

In Java, reflection enables to discover
information about the loaded classes:

Fields,

Methods, and

Constructors

Generics information

Metadata annotations
It also enables to use these metaobjects to their
Instances in runtime environment.

E.g. Method.invoke(Object o, Object... args)



Reflection

Java metalevel architecture
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Reflection

Java metalevel architecture

Type is the common superinterface for all types
In the Java programming language.

Class/interface types (Class)

Array types (Class)

Enumeration types (Class)

Annotation types (Class)

Primitive types (Class)

Type variables (TypeVariable)
Parameterized types (ParameterizedType)
Generic array types (GenericArrayType)
Wildcard types (WildcardType)
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Reflection

Java metalevel architecture

The Class<T> metaclass is parametrized
over the generic TypeVariable T.

T represents any class or interface type i.e. the
actual class, which is the instance of the
metaclass Class<T>.

E.g. T cast(Object o)

Class<T> itself is a represented as a class
and also has a corresponding metaclass
Class<Class>



Example — The class of Class<T>

Information about Class<T>

ClassTest.java
Introspecting information about Class.class

Parametrized type (at compile time)
Class<Class>



Example —Class<ArrayList>

Information about ArrayList class
ListTest.java



Reflection

Dynamic proxy classes

Dynamic mechanism to create an
Implementation to some particular
interface at runtime

Basic |dea:

Associate an invocation handler to the set of
interfaces

Every method call to the interface is dipatched
to the invocation handler.



Reflection

Dynamic proxy classes

A dynamic proxy class

implements a list of interfaces specified at runtime
when the class is created.

A proxy interface
an interface that is implemented by a proxy class.
A proxy instance is an instance of a proxy class.
has an associated invocation handler object.
An invocation handler



Reflection

Dynamic proxy classes - example
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Generics

Introduction

Abstraction over types

Generics are one of the new language features
in J2SE 1.5. (Tiger) JSR-176

The generics are specified in the JSR-014 [Gen].

l.e. the generics are developed under JCP
WWW.|Cp.Org

Resembles the template mechanism in C++
But these are NOT templates



Generics

The generics can be used in classes, interfaces,
methods and constructors.
Two new types:

Parametrized types

Type variables
A type variable is an unqualified identifier.

Class and interface declarations can have type
arguments (type variables)

Metalevel: Class implements GenericsDeclaration
Method and constructors definitions can have type
arguments (type variables)

Metalevel: Method, Constructor implements GenericsDeclaration



Generics

Type syntax
Ref erenceType ::= O assOlnterfaceType
| ArrayType
| TypeVari abl e
TypeVariable ::= Identifier
ClassOlnterfaceType ::= CassOlnterface

TypeAr gunent sQpt

/[* 1 ncludes paranmetrized version */
ClassOlnterface ::= ldentifier

| AdassOlnterfaceType . ldentifier
TypeArgunents ::= < ReferenceTypelList >
Ref erenceTypeLi st ::= ReferenceType

| ReferenceTypeList , ReferenceType



Generics

Types - example

List<String> anExample = new
ArrayList<String>()

List = interface

ArrayList = class

String = class (the actual type argument)

List<String> and ArrayList<String> =
parametrized type
No runtime support

anExample.getClass() == ArrayList.getClass()



Generics

Types - examples

GenericsTest.java



Generics

Class/Interface Declarations

Cl assDeclaration ::= ClassMdifiersOpt class Identifier
TypePar anet er sOpt

Super Opt InterfacesOpt C assBody

| nterfaceDeclaration ::= InterfaceMdifiersQopt interface
| dentifier TypeParamet er sOpt

Ext endsl nterfacesOopt | nterfaceBody

TypeParaneters ::= < TypeParaneterList >
TypeParaneterLi st ::= TypeParaneterList , TypeParaneter
| TypePar anet er
TypeParaneter ::= TypeVari abl e TypeBoundQOpt
TypeBound ::= extends C assOlnterfaceType
Addi t i onal BoundLi st opt
Addi ti onal BoundLi st ::= Additional Bound

Addi t i onal BoundLi st
| Addi tional Bound
Addi tional Bound ::= & InterfaceType



Generics

Examples

public interface List<E> {
voi d add(E x);
|terator<E> iterator();

}

public interface Iterator<bE> {
E next();
bool ean hasNext () ;

}

Li st<String> anExanpl e;

ankExanpl e. add(” sdf df ss”) ;
ankExanpl e. add(new Cbject()); // conpile time error
String aTest = anExanple.iterator().next();



Generics

Erasure

Erasure erases all generics type argument
information at compilation phase.
E.g. List<String> is converted to List
E.g. String t = stringlist.iterator().next() is
converted to String t = (String)
stringlist.iterator().next()
As part of its translation, a compiler will
map every parameterized type to its type
erasure.



Generics

Erasure

List <String> |1 = new
ArrayLi st<String>();

List<lnteger> |2 = new
ArraylLil st <l nteger>();

Systemout.println(l1l. getd ass()
== | 2. getC ass());



Generics
Type safety

Type safety: even when using generic classes like
ArrayList<T>
It is possible to create bytecode that throws ClassCastException
Create source code that throws ClassCastExceptions (raw

types)

Create source code using reflection that throws
ClassCastException (metaclasses does not contain the type
arguments)

However
If your entire application has been compiled without unchecked
warnings using javac -source 1.5, it is type safe.
Provided that you do not have manual casts and do not use
reflection.

The type safety and integrity of the Java virtual machine are
never at risk, even in the presence of unchecked warnings.



Generics

Loop hole — raw types

Source code:

public String | oophole(lnteger x) {
Li st<String> ys = new LinkedLi st<String>();
List xs =vys; // raw type
xs.add(x); // conpile-tine unchecked warni ng
return ys.iterator().next();

}
Runtime behaviour:
public String | oophol e(lnteger x) {
Li st ys = new Li nkedLi st;
Li st xs = ys;
xs. add( x);
return (String) ys.iterator().next(); // run time error



Generics
Methods

Method/Constructor declarations can be
generic

Type arguments are not passed to generic
methods when they are used



Generics

Methods - Examples

static <T> void fromArrayToCol | ecti on(
T[] a, Collection<T> c)
{
for (T o: a) {
c.add(o); // correct
}
}

(bj ect[] oa = new Object[100];
Col | ection<Chject> co = new Arrayli st<Obj ect>();

Nunber[] na = new Nunber[100];
Col | ecti on<Number> cn = new ArraylLi st <Nunber>();

String[] sa = new String[100];
Col l ection<String> cs = new ArrayList<String>();

fromArrayToCol l ection(oa, co); // T inferred to be bject
fromArrayToCol | ection(na, co);// T inferred to be Object
fromArrayToCol | ection(na, cs);// conpile-tinme error



Annotations

Developers can define custom annotation

types
Using these types developers can
annotate

fields,

methods,

classes,

and other program elements.



Annotations

Annotation does not effect the program
semantics

Motivation: Development tools can read
these annotations and generate new
artifacts accordingly

Source files

Configuration files

XML documents



Annotations

Tools can read the annotations from source files
or from the class files

For example, a tool called a stub generator
could generate remote procedure call stubs as
directed by annotations indicating which
methods were designed for remote use.

Previous annotation like mechanisms (JavaDoc)
@deprecated

@author
@version



Annotations

Declerations

Annot ati onTypeDecl ar ati on:
I nterfaceModifiersopt @interface ldentifier AnnotationTypeBody

Annot ati onTypeBody:
{ Annot ati onTypeMenber Decl ar ati onsopt }

Annot at i onTypeMenber Decl ar ati ons:
Annot ati onTypeMenber Decl arati on
Annot ati onTypeMenber Decl ar ati ons Annot ati onTypeMenber Decl arati on

Annot ati onTypeMenber Decl ar ati on:
Abst ract Met hodModi fi ersopt Type ldentifier ( ) DefaultVal ueopt
Const ant Decl arati on
Cl assDecl arati on
| nt erf aceDecl arati on
EnunDecl ar ati on
Annot ati onTypeDecl arati on

Def aul t Val ue:
def ault Menber Val ue



Annotations

Declerations

Form of a highly restricted interface declaration:

No extends clause is permitted.

Annotation types automatically extend a marker interface,
java.lang.annotation.Annotation.

Methods must not have any parameters.
Methods must not have any type parameters
Generic methods are prohibited.

Method return types are restricted to

primitive types, String, Class, enum types, annotation types, and
arrays of the preceding types.

No throws clause is permitted.
Annotation types must not be parameterized

Legal wherever interface declarations are legal, and
have the same scope and accessibility.



Annotations

Decleration - Examples

/**

* Annotation with this type indicates that

* the specification of the annotated APl el enent

* is prelimnary and subject to change. (Marker annotation)
*/

public @nterface Prelimnary { }

/**

* Associates a copyright notice with the
* annotated APl elenent. (Single nenber annotation)
*/

public @nterface Copyright { String value(); }

/**

* A person's nanme. This annotation type is not designed to be used
* directly to annotate program el enents, but to define nmenbers
* of other annotation types. (Conmplex annotation)
*/
public @nterface Nane {
String first();
String last();



Annotations

Annotations may be used as modifiers in
any declaration

class, interface, field, method, parameter,
constructor, enum, or local variable.

package declarations

Annotation types are imported in the same
fashion as classes and interfaces.



Annotations

Examples

[l Marker annotation
@relimnary public class TinmeTravel { ... }

/1 Single-nmenber annotation

@opyright ("2004 Solita, Inc., Al rights reserved.")
public class Organi zation { ... }

/'l Single-nmenber conplex annotation

@Aut hor (@Nanme(first = "Joe", last = "Hacker"))
public class BitTwddle { ... }



Annotations

Examples

/**
* Designates a formatter to pretty-print the annotat ed
cl ass.
*/
public @nterface PrettyPrinter {
Cl ass<? extends Formatter> val ue();

}

/1 Single-nmenber annotation with d ass

/1 menber restricted by bounded w | dcard

/1 The annotation presunes the existence of this class.
cl ass GorgeousFormatter inplenents Formatter { ... }

@ rettyPrinter(GrgeousFormatter. cl ass)
public class Petunia { ... }
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