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For along while, all the excitement in the Java 2 Platform, Micro Edition (J2ME) was centered on the Connected Limited
Device Configuration (CLDC), released in final form in May, 2000. The first CLDC-based profile, the Mobile Information
Device Profile (MIDP), followed two months later. MIDP garnered much interest in the Java community because it defined a
new application model, as well as classes for user interface and persistence. In other words, it provided a complete
environment for deploying and running interactive applications.

J2ME's other configuration, the Connected Device Configuration (CDC), was not finalized through the Java Community
Process (JCP) until almost a year later, in March, 2001. The first CDC-based profile, the Foundation Profile (FP), was
released at the same time. Unlike MIDP, however, FP does not provide classes for building interactive applications.
Consequently, the CDC/FP combination has not generated as much excitement in the Java community.

Recently, however, two new CDC-based profiles were finalized. These profiles, the Personal Basis Profile (PBP) and the
Personal Profile (PP), replace the Personal Java platform, which is no longer under active development. Like Personal Java,
they provide the classes necessary for building interactive applications. This article describes the two profiles, and compares
them to each other and to the Personal Java platform.

A Common Foundation

To understand the new profiles properly, you must first understand what the Connected Device Configuration and the
Foundation Profile bring to the J2ME platform, because both PBP and PP are based on the CDC/FP combination.

CDC Quick Summary

The Java runtime environment CDC (JSR 36) defines is much closer to J2SE's than the one CLDC defines. For one thing,
CDC-based devices support the complete Java 2 Platform language specification and the complete Java 2 Platform virtua
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machine specification. For another, they include a much larger subset of the J2SE 1.3 application programming interfaces
(APIs), with classes drawn from the following packages:

e java.io

« java.l ang

« java.l ang. ref

« java.l ang.refl ect
o java.lang. math

e java. net

e java.security

e java.security.cert
o java.text

e java. util

e java. util.jar

e java.util.zip

Note, however, that in general CDC includes only a subset of the classes in each package. For example, from the java.net
package it includes only the classes related to datagram and URL handling - stream-based socket support is not part of CDC.

CDCisasuperset of CLDC, soit aso includesthe classesinthej avax. m cr oedi ti on. i o package that make up the
Generic Connection Framework (GCF). CDC-based devices can use GCF to read and write files and to send and receive
datagrams, in addition to the APIsinthej ava. i o andj ava. net packages.

Foundation Profile Quick Summary

The Foundation Profile (JSR 46) mostly adds J2SE APIs omitted from CDC. In particular, FP augments the following
packages:

e java.io

« java.l ang

e java. net

e java.security

e java.security.cert

o java.text

e java. util

e java. util.jar

e java. util.zip

FP aso includes classes from three packages not found in CDC:
e java.security. acl
e java.security.interfaces
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e ava. security. spec

Note that FP includesthej ava. net classes required for stream-based socket and HT TP connections. These connections
are also available through GCF - in fact, FP includes MIDP'sj avax. m croedi ti on. i 0. Htt pConnecti on
interface.

Asyou can see, the CDC/FP combination defines a powerful environment for general-purpose programming. Missing,
however, are the classes needed to build interactive applications.

The Personal Basis Profile

The Personal Basis Profile (JSR 129) is a superset of the Foundation Profile, with three new features:
« The Xlet application model, adapted from the Java TV APIs

o A subset of the J2SE Abstract Windowing Toolkit (AWT) for building user interfaces based exclusively on
lightweight components

« Inter-Xlet communication (1XC), using a subset of the Remote Method Invocation (RMI) AP
These features enable the creation of interactive applications with well-defined lifecycles.

Included Packages

To support its new features, PBP includes subsets of the following J2SE 1.3 packages in addition to those already in
CDCI/FP:

e java. am
e java.aw . col or
e java. awt . event
e java.aw . i mage
« java. beans
e java.rm
e java.rm.registry
Note that PBP does not support RMI: Thej ava. rm and java.rm . regi stry packages areincluded to support

inter-Xlet communication, not full-fledged RMI. A PBP-based device can support RMI, but only if it implements the RMI
Optional Package (RMIOP), a separate specification that can be included on any CDC-based device.

The Xlet Application Model

The traditional Java application model is quite simple: load a class, invoke its main() method, and wait until al
non-background threads terminate or Syst em exi t () iscalled. For many applications, this model allows too little control
over the application’'s behavior. Thisiswhy MIDP defines a MIDlet application model that alows the device to start, stop,
and pause applications in response to external events, and why browser-based applications - applets - use a different
application model.
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PBP defines its own application model, similar in many ways to the MIDlet model. The Xlet model has been borrowed from
the Java TV API, whereit's used to control application lifecyclesin set-top boxes. The model's two key elements are the

Xl et and Xl et Cont ext interfaces, both found inthej avax. m croedi ti on. x| et package. The application's main
classimplementsthe XI et interface, which defines event methods for the system to invoke. The Xl et Cont ext interface
defines callback methods through which an application can obtain information about its operating environment. Here'sa
trivial Xlet:

/'l Exanple of a trivial X et
i nport javax.mcroedition. xlet.*;

public class Trivial Xlet inplenments Xl et {
private Xl et Context context;

public Trivial Xl et()({
}

public void destroyXl et( bool ean unconditional )
t hrows Xl et St at eChangeException {
}

public void initXl et( X etContext context )
t hrows Xl et St at eChangeException {
this. context = context;

}

public void pauseXl et () {
}

public void startXl et() throws Xl et StateChangeException {
context.notifyDestroyed(); // imrediately quit
}

More details on Xlets and PBP can be found in these articles:
o Understanding 2ME Application Models

Note that PBP supports the traditional application model as well as the Xlet model.
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The AWT Subset

Unlike MIDP, PBP does not define an entirely new set of user-interface classes, but instead subsets the standard AWT
classes. Developers experienced in writing interactive J2SE applications will find PBP (and, as you'll see, the Personal
Profile), amuch more familiar environment than MIDP.

The classesin PBP's AWT subset are those required to define and use lightweight user-interface components. Originally,
AWT consisted of heavywei ght components, where each component instance was really just a proxy for a Ul component
(called a peer component) native to the underlying operating system. An application built with heavyweight components
looks and feels like any other application on that platform, but the Java runtime has limited control over user-interface
behavior or appearance. Java 1.1 therefore introduced the concept of lightweight components, whose look and feel are
entirely under the runtime's control. There are no peer components in the lightweight model, except for top-level windows,
as each component draws itself directly in its parent's drawing area and responds only to the events delegated by the parent.
Top-level windows are normally heavyweight components, however, because the runtime system needs a way to interact
with the operating system.

To support lightweight components, PBP specifically includes:
« java. awt . Conponent - thebase classfor al user-interface components
« java. aw . Cont ai ner - the base classfor AWT components that contain and manage other components
e java. awt . W ndow - the base class for top-level windows
o java. aw . Fr ame - atop-level window with atitle bar and a border
These are the core component classes required to build a complete user interface. Component and Container are used to

create lightweight components, while Window and Frame are used to create the top-level windows that hold the lightweight
components. All the other AWT classesin PBP are included to support these four.

Note that PBP specifically excludes al heavyweight components other than Window and Frame. There are no buttons, lists,
menus, or other basic user-interface components. In J2SE, the lightweight versions of these basic components are defined by
the Swing user-interface toolkit, but Swing is not included in the PBP.

If the heavyweight components are missing and Swing is unavailable, you might wonder how you create a user interface.
There are two possibilities.

If your application is simple enough, you can create your own components:
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i mport java.awt.*;

/**
* A _very_ sinple U conponent that draws a

* centered text string.
*/

public class SinpleTextLabel extends Conponent {
private String text;

public SinpleTextLabel ( String text ){
this.text = text;
}

public void paint( Gaphics g ){
int h = getHeight();
int w= getWdth();

g. set Col or ( get Background() );
g.fillRect( O, O, w, h);

g. set Col or ( get Foreground() );

Font Metrics fm= g.get FontMetrics();
int textWdth = fmstringWdth( text );
int textHeight = fm getHeight();

int x =( w- textWdth ) / 2;

int y=(h-2%*textHeight ) / 2;
g.drawsString( text, X, y );

At runtime, place these components directly on a Frame component:
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Frame frame = ... // sone franme you created
Si npl eText Label | abel ;

// Now build our user interface

| abel = new Sinpl eText Label ( "Press a key to exit" );
| abel . set Backgr ound( Col or. bl ue );
| abel . set For eground( Col or.yellow );
| abel . addKeyLi st ener ( new KeyAdapter(){
public void keyTyped( KeyEvent e ){

exit();
}

}
),

frame. add( |abel );

An application running under the new Xlet model uses the root container supplied by the system (available through the
Xl et Cont ext object passed to each Xlet on initialization) instead of creating its own frame.

The second way to create user interfacesis to use third-party lightweight user-interface toolkits. These toolkits may also be
augmented by vendor-supplied classes.

Besides the lack of heavyweight components, the PBP AWT subset includes specific restrictions on what an application's
user interface can do, so that PBP applications can run on systems with relatively limited Ul capabilities. The most important
restriction is that applications may use only a single instance of the Frame class. PBP applications built using the traditional
model are responsible for creating the frame themselves. By contrast, in the Xlet model the system creates the frame on the
application's behalf, and makes it (or a child container) available by way of the Xl et Cont ext . get Cont ai ner ()
method. Other frame behavior is optional. The system isfreeto restrict the size, state, and position of aframe and to hide its
title. There are also restrictions on cursor use and other minor details.

Inter-Xlet Communication

Inter-Xlet Communication (IXC) allows two or more Xlets running in the same virtual machine to exchange objects and to
execute code across class-loader boundaries. I XC is based on the Remote Method Invocation (RMI) capabilities of J2SE,
athough the latter is actually meant for communication within aVVM rather than between VMs. It's important to remember
that by itself inter-Xlet communication does not imply that full RMI capabilities are available. To perform RMI in a PBP
application, you must use RMIOP.

An Xlet can use the IXC registry to make an object available for use by other Xlets. Thisis known as binding or exporting
the object. All Xlets share the same registry, a singleton instance of the javax.microedition.xlet.ixc.IxcRegistry class. The
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get Regi st ry() factory method returns the singleton:

i mport javax.mcroedition.xlet.*;
i mport javax.mcroedition.xlet.ixc.?*;

Xl et Cont ext context = ..... /1 get the Xlet's context
| xcRegi stry registry = I xcRegi stry. getRegistry( context );

Theregistry is like a shared hash table. An Xlet binds a name to the object using the bi nd() method. Only objects that
implement aremote interface can be bound to the registry. A remote interface is an interface that extends

j ava. rm . Renot e such that each method throwsj ava. r m . Renot eExcept i on, and all method parameters and
return types are primitive types, serializable objects, or other remote interfaces.

Other Xletsfind abound object using thel ookup() method, which returns a stub for the actual object. The stubis
automatically generated by the runtime system (unlike RMI, where the stubs must be generated manually using ther m ¢
tool). The stub implements the same remote interface as the original object and acts as a proxy for that object. When an
application invokes a method of the stub, the system invokes the same method on the original object, although perhaps on a
different thread. Method arguments are handled mostly as you would expect: Primitive types are copied, serializable objects
are serialized in the caller and deserialized in the callee, and stubs are returned for remote objects (except in the Xlet that
bound the object, which gets areference to the actual object).

Here's a sample application that uses IXC to ensure that two or more instances of the application don't run simultaneously:

inmport java.rm.*;
i mport javax.mcroedition.xlet.*;
i mport javax.mcroedition.xlet.ixc.?*;

/**

* An Xlet that uses inter-X et conmunication (I XC
* to ensure that only once instance of the Xlet is
* ever running.

*/

public class RunOnceXl et extends BasicXl et {
private static final String NAVE = "RunOnceXl et. activator"”;

private bool ean renoveBi nding = fal se;
public RunOnceXl et (){
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}

[l The first thing the Xlet does is check to see if an

/1l instance of itself is already running.

public void initX et( X etContext context )
t hrows Xl et St at eChangeException {

try {

/Il Get the I XC registry and create an instance of
/1l our own renpote interface in case we're the first
/1l instance running

| XxCRegi stry registry =
| xcRegi stry. get Regi stry( context );
Renot el nterface renote = new Renotel nterfacel npl ();

while( true ){
try {
/[l First we try to bind our renote interface
/1l to the registry. If two instances are
/'l started sinultaneously, only
/1l one of themw Il wn.

regi stry. bind( NAVE, renote );
renoveBi nding = true;

br eak;
}
cat ch( Al readyBoundException abe ){
try {
/'l Sonmebody el se has bound an interface,
/1 so we get it and call its

/1 activateAgai n net hod before
/1 term nating.
renote =
(Renotel nterface) registry.lookup( NAME );
String[] args = (String[])
cont ext. get Xl et Property( Xl et Cont ext. ARGS );
renote. acti vat eAgai n( args );
t hrow new
Xl et St at eChangeException( "Al ready runni ng" );
}
cat ch( Not BoundException nbe ){
/1 Whoops, no object was found, the other
/1l instance m ght have just term nated
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/[l so try to register ourselves again...

}

}

}

catch( RenoteException e ){
/1l 1f we can't connect, just start up..
Systemout.printin( "Error dealing wwth registry:" );
e.printStackTrace();

}

..... /1l performnormal initialization
}
/'l Deregister the instance fromthe | XC registry. This
/1 will happen automatically when the Xl et is destroyed,

/1 but it's better to do it explicitly.

public void exit(){
i f( renoveBinding ){
try {
| XxcRegi stry registry =
| xcRegi stry. get Regi stry( getContext() );
regi stry. unbi nd( NAME );

}
cat ch( Not BoundException e ){
}
cat ch( RenoteException e ){
}
}
..... /1l do other cleanup stuff
}
/**

* The rempte interface i nstances of RunOnceXl et use to
* communi cate with each ot her
*/

public interface Renotelnterface extends Renpte {

void activateAgain( String[] args )
t hrows Renot eExcepti on;
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/**

*

* %k ok kK ok

The inplenentation of the renote interface. One difference
between | XC and regular RM is that in regular RM this

cl ass woul d extend java.rm .server. Uni cast Renot e(bj ect

and you woul d have to run rmc to generate the appropriate
stub classes. Wth | XC the stubs are generated

automatical ly.

private class Renotel nterfacel npl

Note that classes are not loaded remotely using I XC. Although the stubs are generated automatically, the actual interfaces

i mpl ements Renotelnterface {
public Renotelnterfacelnpl () throws RenoteException {

}

/1 Qur activation nmethod. All it does is print out a
/'l message, but it could easily do other

/1 things by invoking nethods on its containing class.
/1 methods on its containing class.

public void activateAgain( String[] args )
t hrows Renot eException {
System out. println(
"[ Renot el nterfacel npl] Activation request" );

that those stubs implement must already be packaged with the application.

The Personal Profile

The Personal Profile (JSR 62) is a superset of the Personal Basis Profile that adds the following features:
« Applet support for building browser-based applications

« A more comprehensive AWT subset that includes support for heavyweight components, JDK 1.02-style events, and

deprecated APIs
« Clipboard support using asubset of thej ava. awt . dat at r ansf er package

Asyou can see, PP provides an even richer, more J2SE-like environment, as well as offering the new PBP features like the

Xlet application model and inter-Xlet communication.
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Included Packages

To the classes of PBP, PP adds classes from three J2SE 1.3 packages:
« java. appl et
e java. am
o java. aw . dat at ransfer

Unlike PBP, the Personal Profile defines no additional non-J2SE classes.

Applet Support

The applet model is another alternative to the traditional and Xlet application models that PBP supports. Applets are
browser-based applications that run in a controlled environment (often referred to as a sandbox) created by aweb browser.
Like MIDlets and Xlets, applets are notified by the system when they should be started, paused, or stopped, generally in
response to events like the user moving from one web page to another with the browser. The applet support in PPis
essentially the same as provided since version 1.1 of Java and should be familiar to most readers.

The AWT Subset

Unlike PBP's AWT subset, PP's includes support for the standard heavyweight Ul components, classes like

java. awt. Buttonandj ava. awt . Li st . These classes are necessary to support the applet model properly, because
thej ava. appl et . Appl et classdirectly extendsj ava. awt . Panel , and many applets use the standard components to
build their user interfaces. The AWT subset also supports the original Java 1.0.2 event model based on the

j ava. awt . Event classand the Conponent . handl eEvent () method, again to support the applet model. PP also
reintroduces deprecated AWT methods removed by the PBP - like Conponent . enabl e() - solely for backwards
compatibility with existing applets.

PP includes most of the AWT classes in J2SE 1.3. So what's missing? The two-dimensional graphics classes (like
java. awt . Pai nt andj ava. awt . St r oke), the printing classes (likej ava. awt . Pri nt Job), the accessibility
classes(likej ava. awt . Conponent . Accessi bl eAWIrConponent ), andthej ava. awt . Robot cl ass.

The Personal Profile relaxes some of the user-interface restrictions imposed by the Personal Basis Profile. In particular, PP
does not restrict the number of frames or dialogs that an application creates. The system is free to restrict the size, state, or
position of top-level windows, however, as before. Again, these restrictions are to support systems with more limited Ul
capabilities.

Migrating from PersonalJava

Applications written to the Personal Java specification have a 2ME migration path to the Personal Profile (or, in some cases,
the Personal Basis Profile). The migration is not seamless, because there are differences between the two Java environments.
For an experienced Java programmer, however, the transition is not hard to make, and you end up with an application that
uses the more familiar J2SE 1.3 APIsinstead of the older (now quite dated) Java 1.1 APIs.

The following packages defined by the Personal Java 1.2a specification are the same as, or subsets of, the packages of the
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same name in the Personal Profile:
« java. appl et
« java. aw . datatransfer
. java. awm . event
e java. awt.i nage
e java.io
j ava. |l ang
java. refl ect
j ava. net
j ava. security
j ava. security.cert
java.security.interfaces
e java.security.spec
o java.text
e java.util
e java. util.jar
e java.util.zip

Notethat j ava. awt isnot inthislist. PersonalJavaincludesthe Pr i nt Graphi cs and Pri nt Job classes from this
package, while the Personal Profile does not. With these two exceptions, however, the PersonalJavaj ava. awmt packageisa
subset of the Personal Profilej ava. awt package.

If your Personal Java application limitsitself to using the packages listed above (including j ava. awt without the printer
classes) it should work unchanged. The only place that you might run into difficulty iswith deprecated methods, because the
Personal Profile does not include the deprecated methods of Java 1.1.8 other than those in the AWT classes.

The other packages included in Personal Java are not found in their entirety in the Personal Profile. In particular:
« Thedesign-time classes are missing fromthej ava. beans package.
« PP does not support RMI unless the RMI Optiona Package is present. (Note that RMI is optiona in PersonalJava.)

« PP doesnot include any JDBC classesfrom thej ava. sql package unless the JDBC Optional Package for
CDC/Foundation Profile (JSR 169) is present. (Note that JDBC is optional in Personal Java.)

« PP does not support the Personal Java-specific APIsinthecom sun. awt . com com sun. | ang, and
com sun. uti | packages. Code that uses these must be rewritten to use the nearest Personal Profile equivalent.

These differences are the reasons that the transition from Personal Java to the Personal Profile may not be seamless. Some of
the changes are quite minor, though. For example, no method in the Personal Profile will throw

com sun. | ang. Unsuppor t edOper at i onExcept i on. Others entail more work, such as replacing use of

com sun. util. PTi mer withuseof java. util. Ti mer.
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Conclusion

Asyou can see, both the Personal Basis Profile and the Personal Profile provide complete environments for building
interactive Java applications on devices that are too constrained to support full J2SE implementations. They also provide a
migration path for Personal Java applications to the Java 2 Platform.

For more information on these profiles, see the Personal Profile section of the Wireless Java portal.

About the Author: Eric Giguere is a software developer for iAnywhere Solutions, a subsidiary of Sybase, where he works

on Java technologies for handheld and wireless computing. He holds BMath and MM ath degrees in Computer Science from
the University of Waterloo and has written extensively on computing topics.
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