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The reflection API represents, or reflects, the classes, interfaces, and objects in the current Jav
Virtual Machine. You'll want to use the reflection API if you are writing development tools such
debuggers, class browsers, and GUI builders. With the reflection API you can:

Determine the class of an object.

Get information about a class's modifiers, fields, methods, constructors, and superclasse
Find out what constants and method declarations belong to an interface.

Create an instance of a class whose name is not known until runtime.

Get and set the value of an object's field, even if the field name is unknown to your progr
until runtime.

Invoke a method on an object, even if the method is not known until runtime.

o Create a new array, whose size and component type are not known until runtime, and th
modify the array's components.

First, a note of caution. Don't use the reflection API when other tools more natural to the Java
programming language would suffice. For example, if you are in the habit of using function poir
in another language, you might be tempted to usdthdéod objects of the reflection APl in the
same way. Resist the temptation! Your program will be easier to debug and maintain if you dor
Met hod objects. Instead, you should define an interface, and then implement it in the classes t
perform the needed action.

Other trails use the term "member variable" instead of "field." The two terms are synonymous.
Because th€&i el d class is part of the reflection API, this trail uses the term "field."

This trail uses a task-oriented approach to the reflection API. Each lesson includes a set of rels
tasks, and every task is explained, step by step, with a sample program. The lessons are as fol

. Examining Classes explains how to determine the class of an object, and how to get inform:
about classes and interfaces.

. Manipulating Objects shows you how to instantiate classes, get or set field values, and inv
methods. With the reflection API, you can perform these tasks even if the names of the classes
fields, and methods are unknown until runtime.

http://java.sun.com/docs/books/tutorial/reflect/index.html (1 af 2) [15-09-2004 10:40:40]

The Reflection API

HWorking with Arrays describes the APIs used to create and to modify arrays whose names
not known until runtime.

< Summary of Classes lists the classes that comprise the reflection API, and provides links to
apppropriate APl documentation.
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Lesson: Examining Classes

If you are writing a class browser, you need a way to get information about classes at
runtime. For example, you might want to display the names of the class fields, methods,
and constructors. Or, you might want to show which interfaces are implemented by a
class. To get this information you need to getGhass gobject that reflects the class.

For each class, the Java Runtime Environment (JRE) maintains an imn@itabke

object that contains information about the clas€l Ass object represents, or reflects,

the class. With the reflection API, you can invoke methods@reas object which
returnConst r uct or 4, Met hod4, andFi el d4o0bjects. You can use these objects

to get information about the corresponding constructors, methods, and fields defined in
the class.

C ass objects also represent interfaces. You invBkass methods to find out about

an interface's modifiers, methods, and public constants. Not all 6f tes methods

are appropriate when@ ass object reflects an interface. For example, it doesn't make
sense to invokget Const r uct or s when theCl ass object represents an interface.
The sectiorExamining Interfaceexplains whictCl ass methods you may use to get

information about interfaces.

Retrieving Class Objects

First things first. Before you can find out anything about a class, you must first retrieve
its correspondin@! ass object.

Getting the Class Name

It's easy to find out the name o€hass object. All you have to do is invoke the
get Narme method.

Discovering Class Modifiers

This section shows you the methods you need to call to find out what modifiers a
particular class has.

http://java.sun.com/docs/books/tutorial/reflect/class/index.html (1 af 2) [15-09-2004 10:40:42]




Examining Classes

Finding Superclasses

In this section you'll learn how to retrieve all of tleass objects for the ancestors of
a given class.

Identifying the Interfaces Implemented by a Class

If you want to find out what interfaces a class implements, then check out this section.

Examining Interfaces

In this section you'll learn how to tell if@ ass object represents an interface or a
class. You'll also get some tips on how to get more information about an interface.

Identifying Class Fields

This section shows you how to discover what fields belong to a class, and how to find
out more about these fields by accessingl d objects.

Discovering Class Constructors

This section, which introduces t@enst r uct or class, explains how to get
information about a class's contructors.

Obtaining Method Information

To find out about a class's methods, you need to retrieve the correspégathnad
objects. This section shows you how to do this.
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Retrieving Class Objects

You can retrieve & ass object in several ways:

¢ If an instance of the class is available, you can inidKeect . get Cl ass.
Theget O ass method is useful when you want to examine an object but you
don't know its class. The following line of code getsG@hass object for an
object namedryst ery:

Cass ¢ = nystery.getd ass();

o If you want to retrieve th€l ass object for the superclass that anotBeass
object reflects, invoke thget Super cl ass method. In the following example,
get Super cl ass returns theCl ass object associated with the the
Text Conponent class, becauseext Conponent is the superclass of
Text Fi el d:

TextField t = new TextField();
Class ¢ = t.getd ass();
Class s = c.get Superclass();

o If you know the name of the class at compile time, you can retrie@e dss
object by appendingcl ass to its name. In the next example, tlleass
object that represents tBet t on class is retrieved:

Class ¢ = java. awt . Button. cl ass;

¢ If the class name is unknown at compile time, but available at runtime, you can
use the or Nane method. In the following example, if ti8t r i ng named
st rg is set to "java.awt.Button" thdror Name returns theCl ass object
associated with thBut t on class:

Class ¢ = Cass.forNanme(strg);
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Examining Interfaces

Cl ass objects represent interfaces as well as classes. If you aren't sure whether a
Cl ass object represents an interface or a class, call shat er f ace method.

You invoked ass methods to get information about an interface. To find the public
constants of an interface, invoke thet Fi el ds method upon th€l ass object that
represents the interface. The sectentifying Class Fieldhas an example containing
get Fi el ds. You can usget Met hods to get information about an interface's
methods. See the secti@ttaining Method Informatiariro find out about an
interface's modifiers, invoke tiget Modi f i er s method. See the secti@iscovering
Class Modifierdor an example.

By callingi sl nt er f ace, the following program reveals th@ser ver is an
interface and tha@bser vabl e is a class:

import java.lang.reflect.*;
i mport java.util.*;

cl ass Sanpl eCheckl nterface {

public static void main(String[] args) {
Cl ass observer = Chserver. cl ass;
Cl ass observabl e = Cbservabl e. cl ass;
verifylnterface(observer);
verifylnterface(observable);

}

static void verifylnterface(d ass c) {
String nane = c.getNanme();
if (c.islnterface()) {
System out. println(name +
} else {
Systemout.println(nane + " is a class.");

is an interface.");

}

http://java.sun.com/docs/books/tutorial/reflect/class/isInterface.html (1 af 2) [15-09-2004 10:40:43]




Examining Interfaces

The output of the preceding program is:

java.util.Cbserver is an interface.
java.util.Observable is a class.
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Getting the Class Name

Every class in the Java programming language has a name. When you declare a class,
the name immediately follows thod ass keyword. In the following class declaration,
the class name Roi nt :

public class Point {int x, y;}

At runtime, you can determine the name @ ass object by invoking thget Nane
method. TheSt ri ng returned byget Nane is the fully-qualified name of the class.

The following program gets the class hame of an object. First, it retrieves the
correspondindl ass object, and then it invokes tiget Nanme method on thafl ass
object.

i mport java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eNane {

public static void main(String[] args) {
Button b = new Button();
pri nt Name(b) ;

}

static void printNane(bject o) {
Class ¢ = o.getd ass();
String s = c.getNane();
Systemout. println(s);

The sample program prints the following line:

java. awt . Button

http://java.sun.com/docs/books/tutorial/reflect/class/getName.html (1 af 2) [15-09-2004 10:40:44]
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Discovering Class Modifiers

A class declaration may include the following modifigrsbl i ¢, abst r act , or

final . The class modifiers precede thieass keyword in the class definition. In the

following example, the class modifiers gmebl i ¢ andf i nal :
public final Coordinate {int x, int y, int z}
To identify the modifiers of a class at runtime you perform these steps:

1. Invokeget Modi fi er s on aCl ass object to retrieve a set of modifiers.
2. Check the modifiers by calliigsPubl i ¢, i sAbstract, andi sFi nal .

The following program identifies the modifiers of tBer i ng class.

import java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eModi fier {

public static void main(String[] args) {
String s = new String();
printMdifiers(s);

}

public static void printhMdifiers(hject o) {

Cass ¢ = o.getd ass();

int m= c.getMdifiers();

if (Mdifier.isPublic(m)
Systemout. println("public");

if (Mdifier.isAbstract(m)
Systemout. println("abstract");

if (Mdifier.isFinal(m)
Systemout.println("final");

}

The output of the sample program reveals that the modifiers &t thieng class are

http://java.sun.com/docs/books/tutorial/reflect/class/getModifiers.html (1 af 2) [15-09-2004 10:40:44]
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public
final
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Finding Superclasses

Because the Java programming language supports inheritance, an application such as a
class browser must be able to identify superclasses. To determine the superclass of a
class, you invoke thget Super cl ass method. This method return€Chass object
representing the superclass, or returns null if the class has no superclass. To identify all
ancestors of a class, cghtt Super cl ass iteratively until it returns null.

The program that follows finds the names of B t on class's ancestors by calling
get Super cl ass iteratively.

i mport java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eSuper {

public static void main(String[] args) {
Button b = new Button();
pri nt Supercl asses(b);

}

static void printSuperclasses(Object o) {
Cl ass subclass = o.getd ass();
Cl ass superclass = subcl ass. get Supercl ass();
while (superclass !'= null) {
String classNanme = supercl ass. get Narme() ;
System out . println(cl assNane);
subcl ass = supercl ass;
supercl ass = subcl ass. get Super cl ass();

The output of the sample program verifies that the pardBuiof on is Conponent
and that the parent @nponent isQbj ect :

j ava. awt . Conponent
j ava. | ang. Qbj ect

http://java.sun.com/docs/books/tutorial/reflect/class/getSuperclass.html (1 af 2) [15-09-2004 10:40:44]
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Identifying the Interfaces Implemented by a Class

The type of an object is determined by not only its class and superclass, but also by its interfaces. Ii
a class declaration, the interfaces are listed aftarrtpé enent s keyword. For example, the
RandomAccessFi | e class implements tHeat aQut put andDat al nput interfaces:

public class RandomAccessFil e inplenents DataCQutput, Datal nput

You invoke theget | nt er f aces method to determine which interfaces a class implements. The
get | nt er f aces method returns an array 6f ass objects. The reflection API represents
interfaces withCl ass objects. Eacldl ass object in the array returned lggt | nt er f aces
represents one of the interfaces implemented by the class. You can invgké Msere method on
thed ass objects in the array returned gegt | nt er f aces to retrieve the interface names. To
find out how to get additional information about interfaces, see the séoténining Interfaces

The program that follows prints the interfaces implemented bRahelomAccessFi | e class.

import java.lang.reflect.*;
inmport java.io.*;

class Sanplelnterface {

public static void main(String[] args) {
try {
RandomAccessFil e r = new RandomAccessFile("nyfile", "r");
printlnterfaceNames(r);
} catch (I OException e) {
Systemout. println(e);
}

}

static void printlnterfaceNanes(Cbject o) {
Class ¢ = o.getd ass();
Class[] thelnterfaces = c.getlnterfaces();
for (int i =0; i <thelnterfaces.length; i++) {
String interfaceName = thelnterfaces[i].getNane();
System out. println(interfaceNane);

}

Note that the interface names printed by the sample program are fully qualified:

http://java.sun.com/docs/books/tutorial/reflect/class/getinterfaces.html (1 af 2) [15-09-2004 10:40:45]
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Identifying Class Fields

If you are writing an application such as a class browser, you might want to find out
what fields belong to a particular class. You can identify a class's fields by invoking the
get Fi el ds method on & ass object. Thegget Fi el ds method returns an array of

Fi el d objects containing one object per accessible public field.

A public field is accessible if it is a member of either:

¢ this class

e a superclass of this class

e an interface implemented by this class

e an interface extended from an interface implemented by this class

The methods provided by tfié el dgclass allow you to retrieve the field's name, type,
and set of modifiers. You can even get and set the value of a field, as described in the
sectiongGetting Field ValuesndSetting Field Values

The following program prints the names and types of fields belonging to the
Gri dBagConstr ai nt s class. Note that the program first retrievesihel d
objects for the class by callimget Fi el ds, and then invokes trgeet Nane and
get Type methods on each of theBeel d objects.

i mport java.lang.reflect.?*;
i mport java.awt.*;

cl ass Sanpl eField {

public static void main(String[] args) {
GridBagConstraints g = new Gri dBagConstraints();
printFi el dNanes(Qg);

}

static void printFieldNames(Object o) {
Class ¢ = o.getd ass();
Field[] publicFields = c.getFields();
for (int i =0; i < publicFields.length; i++) {
String fiel dName = publicFields[i].getName();

http://java.sun.com/docs/books/tutorial/reflect/class/getFields.html (1 af 2) [15-09-2004 10:40:45]




Identifying Class Fields

Class typeC ass = publicFields[i].getType();
String fiel dType = typeCd ass. get Nane() ;
Systemout.println("Nane: " + fieldName +

", Type: " + fieldType);
}

A truncated listing of the output generated by the preceding program follows:

Name: RELATIVE, Type: int
Nanme: REMAI NDER, Type: int
Name: NONE, Type: int

Name: BOTH, Type: int

Nanme: HORI ZONTAL, Type: int
Name: VERTI CAL, Type: int
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Discovering Class Constructors

To create an instance of a class, you invoke a special method called a constructor. Like methods
constructors can be overloaded and are distinguished from one another by their signatures.

You can get information about a class's constructors by invokirgeth€onst r uct or s

method, which returns an array@fnst r uct or objects. You can use the methods provided
by theConst r uct or #class to determine the constructor's name, set of modifiers, parameter
types, and set of throwable exceptions. You can also create a new instance of the
Construct or object's class with thBonst r uct or . newl nst ance method. You'll learn

how to invokeConst r uct or . newl nst ance in the sectioiManipulating Objects

The sample program that follows prints out the parameter types for each constructor in the
Rect angl e class. The program performs the following steps:

1. It retrieves an array @onst r uct or objects from th&€l ass object by calling
get Constructors.

2. For every element in th@nst r uct or array, it creates an array of ass objects by
invoking get Par anet er Types. Thed ass objects in the array represent the
parameters of the constructor.

3. The program callget Name to fetch the class name for every parameter ilCtlaes s
array created in the preceding step.

It's not as complicated as it sounds. Here's the source code for the sample program:

inmport java.lang.reflect.*;
import java.awt.*;

cl ass Sanpl eConstructor {

public static void main(String[] args) {
Rectangl e r = new Rectangl e();
showConst ructors(r);

}

static voi d showConstructors(oject o) {
Class ¢ = o.getd ass();
Constructor[] theConstructors = c.getConstructors();
for (int i = 0; i < theConstructors.length; i++) {
Systemout.print("( ");
Cl ass[] paraneterTypes =
theConstructors[i].getParaneterTypes();

http://java.sun.com/docs/books/tutorial/reflect/class/getConstructors.html (1 af 2) [15-09-2004 10:40:46]
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for (int k = 0; k < paraneterTypes.length; k ++) { The Java™ Tutorial

String paraneterString = paraneter Types[k].get Nane(); - 15 ) . Search
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}
Systemout.println(")"); Trail: The Reflection API
} L esson: Examining Classes
} . :
} Obtaining Method Information

In the first line of output generated by the sample program, no parameter types appear because
that particulaiConst r uct or object represents a no-argument constructor. In subsequent lines,
the parameters listed are eithert types or fully qualified object names. The output of the

To find out what public methods belong to a class, invoke the method mgahé#t hods. The
array returned bget Met hods containgvet hodgobjects. You can useNet hod object to
uncover a method's name, return type, parameter types, set of modifiers, and set of throwable

sample program is: exceptions. All of this information would be useful if you were writing a class browser or a debugger.

With Met hod. i nvoke, you can even call the method itself. To see how to do this, see the section
() Invoking Methods

(int int)

(int int int int)

( java.awt. Di nension )

( java.awt. Point )

( java.awt. Point java.aw .Di nension )
( java.awt.Rectangle )

The following sample program prints the name, return type, and parameter types of every public
method in thd”ol ygon class. The program performs the following tasks:

1. It retrieves an array dfet hod objects from th€l ass object by callingget Met hods.
2. For every element in théet hod array, the program:

a. retrieves the method name by callges Nare

b. gets the return type by invokiggt Ret ur nType

Search C. creates an array & ass objects by invokinget Par anmet er Types
Feedback Form 3. The array ofll ass objects created in the preceding step represents the parameters of the
method. To retrieve the class name for every one of these parameters, the program invokes
get Nane against eackl ass object in the array.
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Not many lines of source code are required to accomplish these tasks:

import java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eMet hod {

public static void main(String[] args) {
Pol ygon p = new Pol ygon();
showvet hods(p) ;

}

static void showiet hods(Obj ect 0) {

Class ¢ = o.getd ass();

Met hod[] theMethods = c. get Met hods();

for (int i =0; i < theMethods.length; i++) {
String nmethodString = theMet hods[i]. get Nane();
Systemout.println("Name: " + nmethodString);
String returnString =

t heMet hods[i]. get ReturnType(). get Nane();

Systemout. println(" Return Type: + returnString);
Class[] paraneter Types = theMet hods[i]. get Paraneter Types();
System out. print(" Par amet er Types:");

http://java.sun.com/docs/books/tutorial/reflect/class/getConstructors.html (2 af 2) [15-09-2004 10:40:46] http://java.sun.com/docs/books/tutorial/reflect/class/getMethods.html (1 af 2) [15-09-2004 10:40:46]
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for (int k = 0; k < paraneterTypes.length; k ++) {
String paraneterString = paraneter Types[k]. get Nane();
Systemout.print(" " + paraneterString);

}
Systemout.println();

}
An abbreviated version of the output generated by the sample program is as follows:

Narme: equal s

Return Type: bool ean

Par amet er Types: java.lang. Obj ect
Nanme: get C ass

Return Type: java.lang.d ass

Par anet er Types:
Nane: hashCode

Return Type: int

Par anet er Types:

Name: intersects

Ret urn Type: bool ean

Par amet er Types: doubl e doubl e doubl e doubl e
Name: intersects

Return Type: bool ean

Par amet er Types: java.awt.geom Rectangl e2D
Narme: translate

Return Type: void

Parameter Types: int int
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Getting Field Values

If you are writing a development tool such as a debugger, you must be able to obtain field
values. This is a three-step process:

1. Create &l ass object. The sectioRetrieving Class Objec&hows you how to do this.

2. Create &i el d object by invokingget Fi el d on theC ass object. For more
information, see the sectiddentifying Class Fields
3. Invoke one of thget methods on thEi el d object.

TheFi el d ¢class has specialized methods for getting the values of primitive types. For
example, thget | nt method returns the contents ad amh value,get Fl oat returns a

f | oat, and so forth. If the field stores an object instead of a primitive, then ugetthe
method to retrieve the object.

The following sample program demonstrates the three steps listed previously. This program
gets the value of theei ght field from aRect angl e object. Because theei ght is a
primitive type { nt ), the object returned by tlgeet method is a wrapper objedtr{t eger).

In the sample program, the name of fe@ ght field is known at compile time. However, in a
development tool such as a GUI builder, the field name might not be known until runtime. To
find out what fields belong to a class, you can use the techniques described in the section
Identifying Class Fields

Here is the source code for the sample program:

inmport java.lang.reflect.*;
import java.awt.*;

cl ass Sanpl eGet {

public static void main(String[] args) {
Rectangle r = new Rectangl e(100, 325);
printHeight(r);

}

static void printHeight(Rectangle r) {
Fi el d hei ghtFi el d;
I nt eger hei ght Val ue;
Class ¢ = r.getd ass();
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try {
hei ghtField = c. getField("height");

hei ght Val ue = (Integer) heightField.get(r);

Systemout.println("Height: " + heightValue.toString());

} catch (NoSuchFi el dException e) {
Systemout.printin(e);

} catch (SecurityException e) {
Systemout.printin(e);

} catch (111l egal AccessException e) {
Systemout.printlin(e);

}

The output of the sample program verifies the value ofigrigght field:

Hei ght: 325

Start of Tutoriab> Start of Trail> Start of Lesson
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Setting Field Values

Some debuggers allow users to change field values during a debugging session. If you are
writing a tool that has this capability, you must call one ofthel d gclass'set
methods. To modify the value of a field, perform the following steps:

1. Create & ass object. For more information, see the secRatrieving Class
Objects

2. Create &i el d object by invokingyet Fi el d on theCl ass object. The section
Identifying Class Fieldshows you how.

3. Invoke the appropriateet method on th&i el d object.

TheFi el d class provides severaét methods. Specialized methods, such as

set Bool ean andset | nt, are for modifying primitive types. If the field you want to
change is an object invoke thet method. You can caflet to modify a primitive type,
but you must use the appropriate wrapper object for the value parameter.

The sample program that follows modifies #ielt h field of aRect angl e object by
invoking theset method. Since thei dt h is a primitive type, annt , the value passed by
set is anl nt eger, which is an object wrapper.

i mport java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eSet {

public static void main(String[] args) {
Rectangl e r = new Rect angl e(100, 20);
Systemout.printin("original: " + r.toString());
nmodi fyWdth(r, new I nteger(300));
Systemout.printin("nmodified: " + r.toString());
}

static void nodi fyWdth(Rectangle r, Integer w dthParam) {
Fi el d wi dthFiel d;
I nt eger w dt hval ue;
Class ¢ = r.getd ass();
try {
widthField = c.getField("w dth");
wi dt hFi el d. set (r, w dthParan;
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} catch (NoSuchFi el dException e) {
Systemout. println(e);

} catch (111 egal AccessException e) {
Systemout. println(e);

}
}

The output of the sample program verifies thatthdt h changed from 100 to 300:

original: java.aw . Rectangl e[ x=0, y=0, wi dt h=100, hei ght =20]
nmodi fi ed: java.awt . Rectangl e[ x=0, y=0, wi dt h=300, hei ght =20]
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Lesson: Manipulating Objects

Software development tools, such as GUI builders and debuggers, need to manipulate
objects at runtime. For example, a GUI builder may allow the end-user to select a

But t on from a menu of components, createBog t on object, and then click the

But t on while running the application within the GUI builder. If you're in the business
of creating software development tools, you'll want to take advantage of the reflection
API features described in this lesson.

This lesson has the following sections:

Creating Objects

How can you create an object if you don't know its class name until runtime? You'll
find the answer in this section.

Getting Field Values

In this section you'll learn how to get the values of an object's fields, even if you don't
know the name of the object, or even its class, until runtime.

Setting Field Values

Not only can you get field values at runtime, you can also set them. This section shows
you how.

Invoking Methods

This section shows you how to dynamically invoke methods. Given an object, you can
find out what methods its class defines, and then invoke the methods.
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Invoking Methods

Suppose that you are writing a debugger that allows the user to select and then invoke methods during
a debugging session. Since you don't know at compile time which methods the user will invoke, you
cannot hardcode the method name in your source code. Instead, you must follow these steps:

1. Create & ass object that corresponds to the object whose method you want to invoke. See
the sectiorRetrieving Class Objectsr more information.

2. Create &kt hod ¢o0bject by invokingget Met hod on theCl ass object. Theget Met hod
method has two argumentsSar i ng containing the method name, and an arra@ afss
objects. Each element in the array corresponds to a parameter of the method you want to
invoke. For more information on retrievihgpt hod objects, see the secti@btaining Method
Information

3. Invoke the method by calliighvoke. Thei nvoke method has two arguments: an array of
argument values to be passed to the invoked method, and an object whose class declares or
inherits the method.

The sample program that follows shows you how to invoke a method dynamically. The program
retrieves thévet hod object for theSt ri ng. concat method and then usesvoke to concatenate
two St ri ng objects.

inmport java.lang.reflect.*;
cl ass Sanpl el nvoke {

public static void nmain(String[] args) {
String firstWord = "Hello ";
String secondWwrd = "everybody.";
String bothWrds = append(firstWwrd,
System out . print| n(bot hWrds) ;

secondWord) ;

}

public static String append(String firstWrd, String secondWrd) {
String result = null;
Class ¢ = String.cl ass;
Cl ass[] paraneterTypes = new G ass[] {String.class};
Met hod concat Met hod;
oj ect[] argunents = new Object[] {secondWrd};
try {
concat Met hod = c. get Met hod("concat", paraneterTypes);
result = (String) concatMet hod.invoke(firstWrd, argunents);
} catch (NoSuchMet hodException e) {
Systemout. println(e);
} catch (Il egal AccessException e) {
Systemout. println(e);
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} catch (InvocationTarget Exception e) {
Systemout. println(e);

}
return result;
}

The output of the preceding program is:

Hel | o everybody.

Start of Tutoriab> Start of Trail> Start of Lesson
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Creating Objects

The simplest way to create an object in the Java programming language is to use the
new operator:

Rectangl e r = new Rectangl e();

This technique is adequate for nearly all applications, because usually you know the
class of the object at compile time. However, if you are writing development tools, you
may not know the class of an object until runtime. For example, a GUI builder might
allow the user to drag and drop a variety of GUI components onto the page being
designed. In this situation, you may be tempted to create the GUI components as
follows:

String cl assNane;

/1 . . . load classNanme fromthe user interface

bj ect o = new (classNane); // WRONG

The preceding statement is invalid becausenthe operator does not accept

arguments. Fortunately, with the reflection APl you can create an object whose class is
unknown until runtime. The method you invoke to create an object dynamically
depends on whether or not the constructor you want to use has arguments. This section
discusses these topics:

e Using No-Argument Constructors
e Using Constructors that Have Arguments
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Using No-Argument Constructors

If you need to create an object with the no-argument constructor, you can invoke the

newl nst ance method on &l ass_¢object. Thenewl nst ance method throws a

NoSuchMet hodExcept i on if the class does not have a no-argument constructor. For more
information on working wittConst r uct or _gobjects, see the secti@iscovering Class
Constructors

The following sample program creates an instance dRelee angl e class using the no-argument
constructor by calling theewl nst ance method:

inmport java.lang.reflect.*;
import java.awt.*;

cl ass Sanpl eNoArg {

public static void main(String[] args) {
Rectangle r = (Rectangle) createObject("java.awt. Rectangle");
Systemout.printin(r.toString());

}

static Object createoject(String classNanme) {

oj ect object = null;

try {
Class classDefinition = O ass. forNane(cl assNane) ;
obj ect = classDefinition.new nstance();

} catch (Instantiati onException e) {
Systemout. println(e);

} catch (111 egal AccessException e) {
Systemout. println(e);

} catch (d assNot FoundException e) {
System out. println(e);

}

return object;

}

The output of the preceding program is:

java. awt . Rect angl e[ x=0, y=0, wi dt h=0, hei ght =0]
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Using Constructors that Have Arguments

To create an object with a constructor that has arguments, you invakevthaest ance method on
aConst ruct or gobject, not & ass object. This technique involves several steps:

1. Create &l ass object for the object you want to create.

2. Create &onst r uct or object by invokingget Const r uct or on thed ass object. The
get Const r uct or method has one parameter: an arra@laiss objects that correspond to
the constructor's parameters.

3. Create the object by invokimew nst ance on theConst r uct or object. The
newl nst ance method has one parameter:@) ect array whose elements are the
argument values being passed to the constructor.

The sample program that follows creatd®eat angl e with the constructor that accepts two
integers as parameters. Invokimgwl nst ance on this constructor is analogous to this statement:

Rect angl e rectangl e = new Rectangl e(12, 34);

This constructor's arguments are primitive types, but the argument values passefrist ance
must be objects. Therefore, each of the primitiaé types is wrapped in dmt eger object.

The sample program hardcodes the argument passedgett@enst r uct or method. In a real-

life application such as a debugger, you would probably let the user select the constructor. To verify
the user's selection, you could use the methods described in the Béstmvering Class

Constructors

The source code for the sample program follows:

import java.lang.reflect.*;
import java.awt.*;

class Sanpl el nstance {
public static void main(String[] args) {

Rect angl e rectangl e;

Cl ass rectangl eDefinition;

Class[] intArgsCass = new O ass[] {int.class, int.class};
I nt eger height = new | nteger(12);

I nteger width = new | nteger(34);

oject[] intArgs = new Object[] {height, w dth};
Constructor intArgsConstructor;

try {
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rectangl eDefinition = d ass.forNane("java. awmt . Rect angl e");
i nt ArgsConstructor =
rect angl eDefinition. get Constructor(intArgsC ass);
rectangle =
(Rectangl e) createObject(intArgsConstructor, intArgs);
} catch (d assNot FoundException e) {
Systemout.printin(e);
} catch (NoSuchMet hodException e) {
Systemout.println(e);

}

public static Object createCbject(Constructor constructor,
Cbj ect[] argunents) {

Systemout.println ("Constructor:
oj ect object = null;

+ constructor.toString());

try {
obj ect = constructor.new nstance(argunents);

Systemout.println ("Qoject: + object.toString());
return object;
} catch (Instantiati onException e) {
Systemout.println(e);
} catch (Illegal AccessException e) {
Systemout.printin(e);
} catch (111 egal Argunent Exception e) {
Systemout.println(e);
} catch (lnvocationTarget Exception e) {
Systemout.println(e);
}

return object;
}
The sample program prints a description of the constructor and the object that it creates:

Constructor: public java.aw.Rectangle(int,int)
Cbj ect: java.awt . Rectangl e[ x=0, y=0, wi dt h=12, hei ght =34]
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Lesson: Working with Arrays

TheAr r ay #class provides methods that allow you to dynamically create and access
arrays. In this lesson yu'll learn how to use these methods.

Identifying Arrays

This section shows you how to determine if an object really is an array.

Retrieving Component Types

If you want to find out the component type of an array, you'll want to check out the
programming example in this section.

Creating Arrays

This section shows you how simple it is to create arrays at run time.

Getting and Setting Element Values

Even if you don't know the name of an array until run time, you can examine or modify
the values of its elements. This section shows you how.
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ldentifying Arrays

If you aren't certain that a particular object is an array, you can check it with the
O ass. i sArray method. Let's take a look at an example.

The sample program that follows prints the names of the arrays that are encapsulated in
an object. The program performs these steps:

1. It retrieves th&€l ass object that represents the target object.

2. It gets the=i el d objects for theCl ass object retrieved in step 1.

3. For eaclFi el d object, the program gets a correspondihgss object by
invoking theget Type method.

4. To verify that theCl ass object retrieved in the preceding step represents an
array, the program invokes thg Ar r ay method.

Here's the source code for the sample program:

i mport java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eArray {

public static void main(String[] args) {
KeyPad target = new KeyPad();
print ArrayNanes(target);

}

static void printArrayNames(Object target) {
Class targetC ass = target.getd ass();
Field[] publicFields = targetd ass. getFields();
for (int i =0; i < publicFields.length; i++) {
String fiel dName = publicFields[i].getNanme();
Class typeC ass = publicFields[i].getType();
String fieldType = typed ass. get Nane() ;
if (typed ass.isArray()) {
System out . printl n(" Nane:
", Type: " + fieldType);

+ fieldName +
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}
cl ass KeyPad {

public bool ean alive;
public Button power;
public Button[] letters;
public int[] codes;
public TextField[] rows;
publ i ¢ bool ean[] st ates;

}

The output of the sample program follows. Note that the left bracket indicates that the
object is an array. For a detailed description of the type descriptogethisane
returns, see section 4.3.1Tfe Java Virtual Machine Specification.

Nane: letters, Type: [Ljava.awt.Button;
Narme: codes, Type: [I

Nanme: rows, Type: [Ljava.aw . TextFi el d;
Nane: states, Type: [Z
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Retrieving Component Types

The component type is the type of an array's elements. For example, the component
type of thear r owKeys array in the following line of code But t on:

Button[] arrowKeys = new Button[4];

The component type of a multidimensional array is an array. In the next line of code,
the component type of the array named ri x isi nt[]:

int[][] matrix = new int[100][100];

By invoking theget Conponent Type method against th@l ass object that
represents an array, you can retrieve the component type of the array's elements.

The sample program that follows invokes tjet Conponent Type method and
prints out the class name of each array's component type.

i mport java.lang.reflect.*;
i mport java.awt.*;

cl ass Sanpl eConponent {

public static void main(String[] args) {
int[] ints = newint[2];
Button[] buttons = new Button[6];
String[][] twoDim = new String[4][5];

pri nt Conponent Type(ints);

pri nt Conmponent Type( but t ons);

print Conponent Type(twoDi n);
}

static void printConponent Type(Obj ect array) {
Class arrayClass = array.getd ass();
String arrayName = arrayC ass. get Nanme() ;
Cl ass component d ass = arrayd ass. get Conmponent Type() ;
String conmponent Nanme = conponent Cl ass. get Nane() ;
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Systemout.println("Array: + arrayNanme +
", Conponent: + conponent Nane) ;

The output of the sample program is:

Array: [Il, Conponent: int
Array: [Ljava.awt.Button;, Conponent: java.aw .Button
Array: [[Ljava.lang. String;, Conponent: [Ljava.lang.String;
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Creating Arrays

If you are writing a development tool such as an application builder, you may want to allow the end user
to create arrays at runtime. Your program can provide this capability by invoking the
Array. newl nst ance method.

The following sample program uses thewi nst ance method to create a copy of an array that is twice
the size of the original array. Thewl nst ance method accepts as arguments the length and
component type of the new array. The source code follows:

inmport java.lang.reflect.*;
cl ass Sanpl eCreateArray {

public static void main(String[] args) {
int[] original Array = {55, 66};
int[] biggerArray = (int[]) doubl eArray(original Array);
Systemout.println("original Array:");
for (int k =0; k < Array.getLength(original Array); k++)
System out. println(original Array[K]);
Systemout. println("biggerArray:");
for (int k = 0; k < Array. getLengt h(bi ggerArray); k++)
System out. printl n(bi ggerArray[Kk]);
}

static Object doubl eArray(Cbject source) {
int sourceLength = Array. getlLength(source);
Cl ass arrayC ass = source.getd ass();
Cl ass conponent C ass = arrayd ass. get Conponent Type();
Obj ect result = Array. new nstance(conponent d ass,

sourcelLength * 2);

System arraycopy(source, 0, result, 0, sourcelLength);
return result;

The output of the preceding program is:

original Array:
55

66

bi gger Array:
55

66

0

0
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You can also use threewl nst ance method to create multidimensional arrays. In this case, the
parameters of the method are the component type and an arnaly tfpes representing the dimensions
of the new array.

The next sample program shows how tonsel nst ance to create multidimensional arrays:

import java.lang.reflect.*;
class SanpleMiulti Array {
public static void main(String[] args) {

/] The oneDi mMA and oneDi nB obj ects are one
/1 dinmensional int arrays with 5 el enents.

int[] dinl = {5}
int[] oneD mA =
int[] oneDinmB =

(int[]) Array.new nstance(int.class, dim);
(int[]) Array.new nstance(int.class, 5);

/] The twoDinfStr object is a 5 X 10 array of String objects.

int[] dinStr = {5, 10};
String[][] twoDinBtr =
(String[][]) Array.new nstance(String.class,dinstr);

/1 The twoDi mA object is an array of 12 int arrays. The tail
/1 dimension is not defined. It is equivalent to the array
/1 created as follows:

/1 int[][] ints = newint[12][];

int[] dim = {12};
int[][] twoDimA = (int[][]) Array.new nstance(int[].class, dim);
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Getting and Setting Element Values

In most programs, to access array elements you merely use an assignment expression as
follows:

i nt[10] codes;
codes[ 3] = 22;
aVal ue = codes][ 3];

This technique will not work if you don't know the name of the array until runtime.

Fortunately, you can use tAer ay classset andget methods to access array elements
when the name of the array is unknown at compile time. In additigattandset , the

Arr ay class has specialized methods that work with specific primitive types. For example,
the value parameter ekt | nt is ani nt, and the object returned ggt Bool ean is a
wrapper for ool ean type.

The sample program that follows usesdle¢ andget methods to copy the contents of one
array to another.

i mport java.lang.reflect.*;
cl ass Sanpl eGet Array {

public static void main(String[] args) {
int[] sourcelnts = {12, 78};
int[] destlints = new int[2];
copyArray(sourcelnts, destlnts);
String[] sourceStrgs = {"Hello ", "there
String[] destStrgs = new String[3];
copyArray(sourceStrgs, destStrgs);

"everybody"};

}
public static void copyArray(Object source, Cbject dest) {
for (int i =0; i < Array.getlLength(source); i++) {
Array.set(dest, i, Array.get(source, i));
System out. println(Array. get(dest, i));
}
}
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The output of the sample program is:

12

78

Hel l o

there

ever ybody
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Lesson: Summary of Classes

The following table summarizes the classes that compose the reflection API. The
Cl ass andOhj ect classes are in theva.langspackage. The other classes are
contained in théava.lang.refleggpackage.

Class Decription
’Arrayar ’Provides static methods to dynamically create and access arrays.
’CIasSo ’Represents, or reflects, classes and interfaces.

Constructog Provides information about, and access to, a constructor for a class.
— " |Allows you to instantiate a class dynamically.

Fielde Provides information about, and dynamic access to, a field of aclass
- or an interface.

Provides information about, and access to, a single method on a class
or interface. Allows you to invoke the method dynamically.

Modifier4 Provides static methods and constants that allow you to get
- information about the access modifiers of a class and its members.

’Provides thget C ass method.

Methodg

’Ob'ect;
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Trail: The Reflection API: End of Trail

You've reached the end of the "The Reflection API" trail.

If you have comments or suggestions about this trail, uskeedback pagto tell us
about it.

Take a break -- have a cup of steaming hot java.

What next?

Once you've caught your breath, you have several choices of where to go next. You can
go to thetutorial's front pager to theTrail Mapto see all of your choices, or you can
go directly to one of the following related trails:

g‘]ava Native interfacénother advanced topic used only by specialized
- programs.
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