Java Reflection and Introspection

· What is Reflection

Reflection is a Java API which allows Java programs, to access metadata about another class, to interrogate that metadata, as well as to load and create classes which are unknown at the present time.

The Reflection API consists of two parts

1. The Class class

2. The java.lang.reflect package

This API is mostly used by tools, not by typical applications. JDBC applications are an exception as they often invoke the static Class methos forName().

· The Class class

Instances of the class Class represent classes and interfaces in a running Java application. Every array also belongs to a class that is reflected as a Class object that is shared by all arrays with the same element type and number of dimensions. 

Class has no public constructor. Instead Class objects are constructed automatically by the Java Virtual Machine as classes are loaded and by calls to the define Class method in the class loader.

The following example uses a Class object to print the class name of an object: 

          void printClassName(Object obj) {

          System.out.println("The class of " + obj + " is " + obj.getClass().getName());

· Partial Listing of the  Class class 

public class Class {

static Class      forName(String className) ;

Class[]             getClasses() ;

ClassLoader    getClassLoader() 

Class               getComponentType() ;    // returns component type of an array

Constructor     getConstructor(Class[] parameterTypes) ;

Constructor[]   getConstructors() ;

Class[]             getDeclaredClasses() ;

Constructor     getDeclaredConstructor(Class[] parameterTypes) ;

Constructor[]   getDeclaredConstructors() ;

Field                 getDeclaredField(String name) ;

Field[]              getDeclaredFields() ;

Method             getDeclaredMethod(String name, Class[] parameterTypes) ;

Method[]          getDeclaredMethods() ;

Field                 getField(String name) ;

Field[]              getFields() ;

Class[]              getInterfaces() ;

Method             getMethod(String name, Class[] parameterTypes) ;

Method[]           getMethods() ;

int                      getModifiers() ;

String                getName() ;

Package             getPackage() ;

URL                  getResource(String name) ;

InputStream      getResourceAsStream(String name) ;

Class                 getSuperclass() ;

boolean             isArray() ;

boolean             isAssignableFrom(Class cls) ;

boolean             isInstance(Object obj) ;

boolean             isInterface() ;

boolean             isPrimitive() ;

Object               newInstance() ;

String                toString() ;  }

· The Reflection Package

The java.lang.reflect package has 5 classes, 1 interface, and one Exception

Reflection Classes

Constructor

- 
a class constructor

Field


-
the field of a class

Method

-
a method in the class

Modifier

-
reveals member access modifiers

Array


-
ability to dynamically create and access arrays

AccessibleObject
-
the base class for Field, Method and Constructor objects

ReflectPermission
-
allows extra security on what cam and cannot be reflected

Reflection interface
Member
-
reflects identifying information about a single member - a field, method, or constructor

Reflection Exception

InvocationTargetException
-
InvocationTargetException is a checked exception that wraps an exception thrown by an invoked method or constructor

· The Reflection Package: Member Interface

Class     getDeclaringClass() ;

int          getModifiers() ;

String    getName() ;

· The Reflection Package: The Method class

boolean     equals(Object obj) ;

Class         getDeclaringClass(); 

Class[]       getExceptionTypes() ;

int              getModifiers() ;

String        getName() ;

Class[]       getParameterTypes() ;

Class         getReturnType() ;

int              hashCode() ;

Object        invoke(Object obj, Object[] args) ;

String         toString() ;

· Example of Simple Reflection
import java.lang.reflect.*;

public class ClassLister {

  public static void main(String[] args) {

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

      try {

      Class c = Class.forName(args[i]);

      System.out.print(Modifier.toString(c.getModifiers()) + " ");

      System.out.print(c);

if (!(c.toString().equals("java.lang.Object")))

       System.out.println(" extends " + c.getSuperclass());

      Class[] interfaces = c.getInterfaces();

      if (interfaces.length > 0) System.out.println(" implements ");

      for (int j = 0; j < interfaces.length; j++) {

        if (j < interfaces.length - 1)

         System.out.println(interfaces[j] + ",");

        else System.out.println(interfaces[j]);  }

      System.out.println("{");

      System.out.println();

Field[] fields = c.getDeclaredFields();

      for (int j = 0; j < fields.length; j++) {

       System.out.println("  " + fields[j] + ";");}

      System.out.println();

Constructor[] constructors = c.getDeclaredConstructors();

      for (int j = 0; j < constructors.length; j++) {

       System.out.println("  " + constructors[j] + " {}"); }

      System.out.println();

      Method[] methods = c.getDeclaredMethods();

      for (int j = 0; j < methods.length; j++) {

       System.out.println("  " + methods[j] + " {}"); }

      System.out.println();      

      System.out.println("}");

      }

      catch (Exception e) {

        System.err.println(e);   } } } }

· Running Reflection Against Our ColorChanger Class
C:\Reflection>java ClassLister ColorChanger

public class ColorChanger extends class java.awt.Canvas

{

  private java.beans.PropertyChangeSupport ColorChanger.pcs;

  private java.awt.Color ColorChanger.color;

  public ColorChanger() {}

  public void ColorChanger.addPropertyChangeListener(java.beans.PropertyChangeLi

stener) {}

  public java.awt.Color ColorChanger.getColor() {}

  public void ColorChanger.paint(java.awt.Graphics) {}

  public void ColorChanger.removePropertyChangeListener(java.beans.PropertyChang

eListener) {}

  public void ColorChanger.setColor(java.awt.Color) {}

}

· Running Reflection And Extracting a Field Value
import java.lang.reflect.*;

public class PrintPi {

public static void main(String[] args) {

    try {

      Class math = Class.forName("java.lang.Math");

      Field PI =  math.getField("PI");

      double pi = PI.getDouble(null);   // parameter is null since PI is a constant field, 

                                               // otherwise an object would be needed

      System.out.println("PI is " + pi);     }

    catch (Exception e) {

      System.err.println(e);    }   } }

C: \Reflection>java PrintPi

PI is 3.141592653589793

· Running Reflection With An Unknown Method
import java.lang.reflect.*;

public class SinPi {

  public static void main(String[] args) {

    try {

      Class math = Class.forName("java.lang.Math");

      Class[] params = new Class[1];

      params[0] = Double.TYPE;

      Method sin =  math.getMethod("sin", params);

      Object[] arg_list = new Object[1];

      arg_list[0] = new Double(3.141529);

      Double d = (Double) sin.invoke(null, arg_list);
// if Math.sin was not static








// we would specify the object 








// as parameter one

      System.out.println("The sine of Pi is " + d);     }

    catch (Exception e) {

      System.err.println(e);    }  } }

C:\ Reflection>java SinPi

The sine of Pi is 6.365358975045955E-5
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