












































CHAPTER 4  MEDIA PLAYER LIFECYCLE AND EVENTS

the realize() method if the DRM indicates that the right of the user to use the media data has
expired (because it could only be used within a specific timeframe, it could only be played
once, or for any other DRM-based reason). The realize() method implementation calls the
DRM technology built in to the device to make this call.

Ideally, a call like this happens when the Player instance is created. DRM kicks in when
createPlayer() is called on a Manager class, and you'll receive a SecurityException for trying to
create an instance on an expired or inaccessible content. (You'll also receive a SecurityException
for protocol-specific restrictions built in to the user’s device, such as accessing the network when
no permission to access the network has been given.) However, you might want to replay con-
tent without needing to create another Player instance on the same media data (as you saw in
Chapter 3 when you cached Player instances). In those cases, realize() checks to make sure
that DRM rules haven't been breached; if they have been, realize() throws a SecurityException.

The Player interface has a static integer constant that represents this state, REALIZED.

PREFETCHED

/In the PREFETCHED state, a Player instance is in the best possible state to get started with the
playback (or recording in case of a player for capturing data) of media. The instance has decoded
the data and acquired access to any exclusive resources required for playback (or recording) ;
A Player instance that hasn't been prefetched cannot be started. :

Player instances move into the PREFETCHED state when the user calls the prefetch()
method on a REALIZED instance. Calling deallocate() does the reverse, that is, moves a PREFETCHED
instance to the REALIZED state, thereby releasing any exclusive resources acquired to move
into the PREFETCHED state.

Note that calling prefetch() doesn't necessarily mean that all the media data would have
been decoded and ready for playback (or recording). It just means that most of the processing
has been done and the media can be played back (or recorded) with the minimum possible
latency. To accentuate this point, if an instance is already in the PREFETCHED state, and you
use the prefetch() method, the instance will try and minimize the latency even further. How-
ever, the reduction in startup times is not guaranteed, and different implementations of MMAPI
will differ in what they exactly do if prefetch() is called twice. If you do call prefetch() on an
already PREFETCHED instance, it is guaranteed not to throw any errors.

An IllegalStateException is thrown if you call this method on a CLOSED instance.

A MediaException is also thrown if an error occurs when processing or decoding the media

data. However, this same exception is thrown if an exclusive resource cannot be acquired. For

example, if a Player instance requires exclusive access to the audio hardware on a device, and

this is not available because it is being used by some other instance, a MediaException will be
thrown to indicate this. Although there’s no way to differentiate between the two reasons for
MediaException, in the case of the latter reason, you can call prefetch() again and if exclusive

access is now possible, the instance will move to the PREFETCHED state.

Similar to the realize() method, calling the prefetch() method may throw
a SecurityException if the Player instance has insufficient permissions to either decode
media data or acquire exclusive resources.

Figure 4-4 shows the possible state transitions in the PREFETCHED state.
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Figure 4-4. PREFETCHED state transitions

As you can see, there is no direct transition path for an UNREALIZED instance to go to the
PREFETCHED state. This is why, if you call prefetch() on an UNREALIZED instance, it implies
a call to the realize() method first. However, a transition from the PREFETCHED state to the
REALIZED state can occur by using the deallocate() method. By doing so, you allow your
instance to give up the exclusive resources acquired by your instance for other instances (or
other MIDlets, applications, or AMS) to use.

An instance can arrive in the PREFETCHED state from the STARTED state as well. This
transition can occur in several ways as explained in detail in the next section.

The Player interface has a static integer constant that represents this state, PREFETCHED.

' STARTED

A Player instance in the STARTED state is playing back (or recording, streaming, and so on)

" actual media. ,'El“his is the most useful state that an instance can be in. This state is achieved by

calling the start() method on a PREFETCHED instance. However, note that calling the start()
method doesn't guarantee that the instance will actually move immediately into the STARTED
state. By calling the start() method, you are telling the instance to move into the STARTED state
as soon as possible. Only when the start() method returns successfully is the instance considered
to be in this state.

Of course, the instance may not be able to successfully move into the STARTED state when
this method is called. Besides a SecurityException, thrown if there is not enough permission to
start the media, a MediaException may be thrown if an error occurs when processing the media
for playback (or recording). When any of these exceptions is thrown, the instance remains in the
PREFETCHED state. As expected, an I1legalStateException is thrown if you try calling start()
on an instance that is in the CLOSED state.
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player.start(),

} catch(Exception e) {
e.printStackTrace();

}
}

public void pauseApp() {
}

public void destroyApp(boolean unconditional) {
}

public void playerUpdate(Player player, String event, Object eventData) {
stringItem.setText(event);
System.err.println(event);

}
}

The EchoEventsMIDlet acts as the listener for the Player instance that it creates by imple-
menting PlayerlListener and adding the playerUpdate() method. When created, the Player
instance registers this MIDIet by using the method addPlayerListener(this). Any event that is
now generated by the corresponding event is delivered to the playerUpdate() method.

The other change in this MIDlet from Listing 3-1 is to create a Form object with a single
StringItemon it to promptly display onscreen and print the current event received by the
playerUpdate() method to the error output stream.

Running this MIDlet returns mostly consistent results because the Sun Java Wireless Toolkit's
DefaultColorPhone emulator fires an extra volumeChanged event.

Note You may not notice the volumeChanged event on the DefaultColorPhone emulator because it may
happen too fast depending on the time it takes for the media file to enter the STARTED state. Check the error
output stream. The volumeChanged event is fired when the Player instance enters the PREFETCHED state
(on the Sun MMAPI implementation).

The Motorola emulator and actual C975 device do not fire this volumeChanged event. The
events that are fired and received by all three environments are the started and the endofmedia
events. As you may guess, the started event represents when an instance has entered the
STARTED state. The endofmedia event is delivered when no more media is left to play (or
record/stream). This event is delivered each time an instance that is set to loop reaches the
end of the media for each loop.
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Of course, many more events than the two (or three if you consider the DefaultColorPhone)
are fired by this simple example. Table 4-1 lists all the events defined in the MMAPI specification
in the PlayerListener interface defined as constants.

Table 4-1. A Complete List of Player Events Defined in the Playerlistener Interface

Player Event Constant

Constant Value

When Fired

BUFFERING_STARTED

BUFFERING_STOPPED
CLOSED
DEVICE_AVAILABLE

DEVICE_UNAVATLABLE

DURATION_UPDATED
END_OF_MEDIA

ERROR
RECORD_ERROR

RECORD_STARTED
RECORD_STOPPED
SIZE_CHANGED

STARTED
STOPPED
STOPPED_AT_TIME

VOLUME_CHANGED

bufferingStarted

bufferingStopped
closed
deviceAvailable

deviceUnavailable

durationUpdated
endOfMedia

error
recordError

recordStarted
recordStopped
sizeChanged

started
stopped
stoppedAtTime

volumeChanged

When an instance has started buffering media
data for processing or playback.

When an instance has exited the buffering stage.
When an instance is closed.

When a system resource required by a Player
instance becomes available for use.

When a system resource required by a Player
instance becomes unavailable. This event must
precede the previous event.

When the duration of previously unknown
media data becomes available.

When an instance has reached the end of the
media during the current loop.

When an error, which is usually fatal, occurs.

When an error occurs during recording
(audio or video).

When recording of media data has started.
When recording of media data has stopped.

When the size of a video display has changed
for whatever reason.

When the instance has entered the
STARTED state.

When the instance has paused due to the
stop() method being called.

When the instance has paused due to the
StopTimeControl’s setStopTime() method.

When the volume of an audio device is changed.

»

If you look at the signature of the playerUpdate() method, you'll see that it takes three
parameters. The first is the Player instance that has thrown the event, the second is the actual
event, and the third is the eventData as an Object. The eventData is interesting because it con-
tains specific information about each event that can help you do something when the particular
event is fired. For example, when the stopped event is received by this method, the eventData
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is a Long object identifying the media time when the corresponding Player instance is stopped.
Similarly, the started event’s eventData contains the media time when the media is started.
Almost each event carries some useful information in the corresponding eventData; Table 4-2
shows the complete list.

¥ ‘Table 4-2. Events and Corresponding Event Data

Event Event Data

BUFFERING STARTED A Long object designating the time when buffering has started.

BUFFERING_STOPPED A Long object designating the time when buffering has stopped.

CLOSED Event data is null when this event is fired.

DEVICE_AVAILABLE A String object that is the name of the device that is now available.

DEVICE_UNAVAILABLE A String object that is the name of the device that is not available.

DURATION UPDATED A Long object designating the new duration of the media.

END_OF MEDIA A Long object that contains the media time when the Player instance
reached the end of media and stopped.

ERROR A String that contains the error message.

RECORD_ERROR A String that contains the error message.

RECORD_STARTED A Long object that designates the media time when recording has started.

RECORD_STOPPED A Long object that designates the media time when recording has stopped.

SIZE_CHANGED A VideoControl control object that contains information about the
new size,

STARTED A Long object designating the media time when the Player instance is
started.

STOPPED A Long object designating the media time when the Player instance is
stopped (paused).

STOPPED_AT_TIME Similar to STOPPED, the eventData contains the media time when the
Player instance is stopped in the form of a Long object.

VOLUME_CHANGED AVolumeControl control object that contains information about the
new volume.

Note that in MMAPI all times are measured in microseconds, not milliseconds.

Understanding the Event Delivery Mechanism

The event delivery mechanism in MMAPI is based on an asynchronous model that allows you
to create multimedia applications that do not block the main application thread. This means
that events are fired using an event delivery thread separate from the main application thread.
This thread may or may not be in existence till an actual event is to be delivered. For example,
in the Sun’s MMAPI reference implementation, this thread is only created when the first event
is fired. Even then, this thread remains active only for another five seconds, after which, if no
more events are delivered, the thread exits. A new thread is created the next time an event
needs to be delivered. Most actual commercial implementations follow a similar model that
only differs in the time that they stay alive for; however, they are guaranteed to all follow this
asynchronous nature of event delivery.
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The MMAPI also guarantees that events will be delivered to their respective listeners in the
order they are generated. This way, events that occur very fast after one another are guaranteed
to be received by the registered listeners in order, without getting overwhelmed by newer events.
For example, suppose you start playing a media file, which would fire a STARTED event. However,
if the media file is short, it will end very quickly and generate an END_OF MEDIA event almost
immediately after it sends the STARTED event. The listener is guaranteed to receive the STARTED
event before the END_OF_MEDIA event even if it occurs nearly simultaneously.

Of course, if an error occurs at any stage during a Player instance creation or usage so that
the instance cannot continue working, the event delivery mechanism sends an ERROR event.
The receipt of this event implies that the instance is unusable and is in a CLOSED state.

Creating an Event Handling Class

In Chapter 3, you created a MIDlet that allowed you to select a media audio file from a list to
play and control its volume. In this section, you'll create an event handling class and attach it
to the functional Player instances created in that MIDlet. This event handling class is basic,
but it gives you an idea of how to listen for events, handle them accordingly, and use the event
and eventData parameters. Listing 4°2 shows this event handling class, called EventHandler.

Listing 4-2. EventHandler Is the Listener for Functional Player Instances Created in the Previous
Chapter

package com.apress.chapters;

import javax.microedition.media.*;
import javax.microedition.media.control.*;
import javax.microedition.lcdui.StringItem;

i

public class EventHandler implements Playerlistener {
private StringItem item;

public EventHandler(StringItem item) {
this.item = item;

}

:-}public void playerUpdate(Player player, String event, Object eventData) {
if(event.equals(PlayerListenexr.VOLUME_CHANGED)) {

// a player's volume has been changed
VolumeControl vc = (VolumeControl)eventData;
updateDisplay("Volume Changed to: " + vc.getlevel());

if(vc.getlevel() > 60) {
updateDisplay(“Volume higher than 60 is too loud");
vc.setlevel(60);

}
} else if(event.equals(Playerlistener.STOPPED)) {
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// player instance paused
updateDisplay("Player paused at: " + (Long)eventData);
- } else if(event.equals(PlayerListener.STARTED)) {

"

// player instance started (or restarted)
updateDisplay("Player started at: " + (Long)eventData);
} else if(event.equals(PlayerListener.END_OF MEDIA)) {

// player instace reached end of loop
updateDisplay("Player reached end of loop.");
} else if(event.equals(Playerlistener.CLOSED)) {

// player instance closed
updateDisplay("Player closed.");
} else if(event.equals(PlayerListener.ERROR)) {

// if an error occurs, eventData contains the error message
updateDisplay("Error Message: " + (String)eventData);

}
}

public void updateDisplay(String text) {

// update the item on the screen
item.setText(text);

// and write to error stream as well
System.err.println(text);

The EventHandler constructor accepts a StringItem screen item to which it can write
updates as it receives events. The playerUpdate() method is where the updates are written to
the screen based on the event that has occurred.

If you change the volume of a Player instance, the associated VolumeControl is retrieved
from the eventData after casting it appropriately. You can then query the new volume level
from this control.

#Note You can, of course, retrieve the same VolumeControl by querying the associated Player instance
with the getControl(" VolumeControl ") method call that returns a reference to the same instance as
referenced by the eventData parameter. The direct referencing eventData omits a method call, whereas
getControl() method omits the use of a cast.
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Here, the handler informs the user that volume over 60 is too loud and resets the volume
back to 60. Note that resetting the volume in turn generates another VOLUME_CHANGED event!

The rest of the events are handled accordingly, and you can use the associated event data
with appropriate casts. The updateDisplay() method updates the screen as well as writes message
to the error output stream because some of the messages on the screen will happen too quickly.

The event generating Player instances now need to be told to send the instances to this
handling class. This is done in the CachingAudioPlayerCanvas class where these instances are
first created. This class is now modified to add a StringItem to display the messages from the
event handler, create the EventHandler class, and set each Player instance up with this class as
the listener. These changes are shown in bold in Listing 4-3.

Listing 4-3. Enabling Event Handling in the CachingAudioPlayerCanvas Class
package com.apress.chapters;

import java.util.*;

import javax.microedition.lcdui.*;

import javax.microedition.media.*;

import javax.microedition.media.control.*;

public class CachedAudioPlayerCanvas implements ItemStatelListener {

// the parent MIDlet
private CachingAudioPlayer parent;

// form that contains canvas elements
private Form form;

// gauge to allow user to manipulate volume
private Gauge gauge;

// the volume control
private VolumeControl volume;

// the player used to play media
private Player player; '

// is the player paused?
private boolean paused = false;

// to display event info
private StringItem eventInfo;

// the event handler
private EventHandler handler;

private Hashtable players;
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public CachedAudioPlayerCanvas(CachingAudioPlayer parent) {
this.parent = parent;

// create form and add elements and listeners
form = new Form("");

gauge = new Gauge("Volume: 50", true, 100, 50);
eventInfo = new StringItem("", null);
form.append(gauge);

// add the event info string item
form.append(eventInfo);

// create the EventHandler
handler = new EventHandler(eventInfo);

form.addCommand (parent.exitCommand);
form.addCommand(parent .backCommand);
form.setCommandListener(parent);

// a change in volume gauge will be handled by this class
form.setItemStatelListener(this);

players = new Hashtable();
}

public void playMedia(String locator) {

try {

// first look for an existing instance
player = (Player)players.get(locator);

if(player == null) {

// create the player for the specified string locator
player = Manager.createPlayer(
getClass().getResourceAsStream(locator), "audio/x-wav");

// add the EventHandler as a listener
player.addPlayerListener(handler);

// fetch it
player.prefetch();

// put this instance in the Hashtable
players.put(locator, player);
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}

// get the volume control
volume = (VolumeControl)player.getControl("VolumeControl");

// initialize it to 50
volume.setlevel(50);

// initialize the gauge
gauge.setValue(volume.getlevel());
gauge.setLabel("Volume: " + volume.getLevel());

// play it twice
player.setLoopCount(2);

// start the player
player.start();

// set the title of the form
form.setTitle("Playing " + locator);

} catch(Exception e) {
e.printStackTrace();
}
}

... rest of the code omitted as it doesn’t change from Listing 3-4 ...

A single EventHandler instance is used for all three Player instances that are created.
Because playerUpdate() receives the instance that generated the event, it's easy to distinguish
between these instances, if necessary.

Handling a Custom Event

As you may realize by now, there is no special event class in the MMAPI. That is, events are
distinguished as String constants in the PlayerListener interface. To create, rather to handle,
a custom event, you do not need to extend any other class.

Custom event creation is primarily designed for MMAPI implementations. This means
that the MMAPI specification, having designed its own mandatory events, makes it open for
MMAPI implementations to create and broadcast their own events. The description of these
events would be made clear in the documentation for each implementation, and the events
are likely to be named in the reverse domain name convention. For example, the MMAPI ref-
erence implementation from Sun defines a custom event called com.sun.midi.lyrics, which
is a Sun-specific event for karaoke lyrics.

Although the Playerlistener interface provides for events that are most common, in
some special cases, you may want to define your own. For example, let’s say you wanted to do
something special that requires an event to be raised whenever an audio file has been played
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halfway through. None of the predefined events will satisfy this requirement, so you'll need to
raise and handle your own custom event. But how do you actually create and raise an event?

The short answer is that you can't. Unless you are ready to implement your own version of
a Player instance that handles the type of media that you are after. This is not an easy task and
requires you to handle all the steps required in realizing, prefetching, and decoding, not to
mention interfacing with the controls that it exposes. Further, you have to use your own version
over the version supplied with the MMAPI implementation that you are working with. After
you have accomplished these difficult tasks, you may be able to plug in and raise your own
event.

Handling custom events is, as you may expect, much easier. You only need to know the name
of the event and the type of eventData that it exposes to be able to use it in the playerUpdate()
method. Thus, the following code fragment will catch the com.sun.midi.lyrics event, and the
event data exposed will be a byte array:

if(event.equals("com.sun.midi.lyrics")) {
byte[] data = (byte[])eventData;

¥

Note that the MMAPI specification states that to catch standard events in the playerUpdate()
method, you should use the reference equality check, and for custom &vents, you should use
the object equality check. Thus, (event == PlayerlListener.CLOSED) should be preferred over
event.equals(PlayerlListener.CLOSED), and event.equals("com.sun.midi.lyrics") must be
used for custom events. Standard events are automatically interned because they are constants;
therefore, using the reference check will be faster than the object equality check. However, the
same cannot be guaranteed for custom events, so you must always use the object equality test.
The EventHandler in Listing 4-2 used the object equality test and is now converted to use the
reference check in Listing 4-4 to make it more responsive.

Listing 4-4. Converting EventHandler to Use Reference Checking Instead of Object Equality
package com.apress.chapter4;

import javax.microedition.media.*;

import javax.microedition.media.control.*;

import javax.microedition.lcdui.StringItem;

public class EventHandler implements Playerlistener {

private Stringltem item;

public EventHandler(StringItem item) {
this.item = item;

}

public void playerUpdate(Player player, String event, Object eventData) {
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if(event == (PlayerlListener.VOLUME CHANGED)) {

}

// a player’s volume has been changed
VolumeControl vc = (VolumeControl)eventData;
updateDisplay("Volume Changed to: " + vc.getlevel());

if(vc.getlevel() » 60) A
updateDisplay("Volume higher than 60 is too loud");
vc.setlevel(60);

}
else if(event == (Playerlistener.STOPPED)) {

// player instance paused
updateDisplay("Player paused at: " + (Long)eventData);
else if(event == (PlayerlListener.STARTED)) {

// player instance started (or restarted)
updateDisplay("Player started at: " + (Long)eventData);
else if(event == (Playerlistener.END_OF MEDIA)) {

// player instance reached end of loop
updateDisplay("Player reached end of loop.");
else if(event == (PlayerlListener.CLOSED)) {

// player instance closed
updateDisplay("Player closed.");
else if(event == (PlayerlListener.ERROR)) {

// if an error occurs, eventData contains the error message
updateDisplay("Error Message: " + (String)eventData);

public void updateDisplay(String text) {

// update the item on the screen
item.setText(text);

// and write to error stream as well
System.err.println(text);
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Due to device fragmentation, not all MMAPI implementations support reference check
for events. Instead, you have to use equals() for comparison from Listing 4-2, instead of the
improved code from Listing 4-4. The trick is to test your target device(s) for what is supported
and optimize accordingly.

Summary

The several different states that a Player instance goes through in processing and playing media
data allows developers to gain control over these states, provide feedback, and process events
at these stages. These states are UNREALIZED, REALIZED, PREFETCHED, STARTED, and CLOSED,
and the transitions between them are well defined and accessible.

In this chapter, you learned the background behind these states, the how and why of the
transitions that take place between them, and how to respond to the various events generated
during these transitions. You learned to create an event handling class and also how to listen
to custom events.

The next chapter will introduce you to accessing media data over the network using MMAPI,
a task that must be handled efficiently and cleanly for responsive multimedia MIDlets.
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Accessing Media Over the
Network

The greatest advantage of applications built on maobile devices is that they can be run any-
where any time. These applications are truly mobile lifestyle choices because they allow us to
extend our lifestyles by bringing these applications wherever we go, whether for fun or business.
Applications that keep all data on mobile phones have the added advantage of being complete
without requiring network access to function or update. However, truly mobile applications
take advantage of available networks to provide an enhanced user experience.

Take the case of accessing multimedia files over a network. Although games and other
fun applications can work with small embedded sound and other audio files, for an even,
all-encompassing experience, the user requires network connectivity for his application to
stream media over the network/A good reason for streaming over storing media files locally is
the size of these files, video especially.:Also streaming over stored media is used to provide
updated files and to maintain digital rights over the provided content.

Whatever the reasons, accessing multimedia data over a network reliably is an important
aspect of learning to use MMAPI. Although the issues involved are not unique to accessing
multimedia data per se, they do need to be taken care of.

In this chapter, you'll learn about these common issues and how they affect multimedia
data access over the network using MMAPIL. You'll learn how to overcome these issues to cre-
ate MIDlets that can access the network reliably and consistently. Finally, you'll see examples
of these issues and the solutions to them.

Understanding Threads in Java ME

The threading environment in Java ME is slightly different from the normal environment in
Java SE. The JVM in Java ME does not create a separate application thread for your MIDlet,
which is contrary to what happens in an application being run on Java SE, where an application
gets its own application thread separate from the system thread. All processing in a MIDlet
takes place inside the main system thread. Thus, methods that take a long time to complete
hog this single thread and create a bottleneck for a functional MIDlet.

Any threads that you create yourself within your MIDlet are, of course, separate from the
system thread and therefore not restrictive. These threads can do their own thing independent

of the main system thread. Of course, you have to strike a fine balance between the number of
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threads required versus the number of threads that the limited resources operating system
can handle. Thread creation and management is a processor- and memory-hungry task and
should be carefully used, especially in the Java ME environment, which runs on constrained
devices.

To understand this better, take a look at Listing 5.1. When started, the MIDlet in this listing
displays the name of the current system thread, which is the main MIDlet thread. When the
user clicks the command for a new thread, the MIDlet creates a new thread, which displays an
alert momentarily with its own name. It then simulates a long activity by sleeping for 4 seconds.

Listing 5-1. Understanding Threads in MIDlets

package com.apress.chapters;

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;

public class ThreadTest extends MIDlet implements CommandListener {

private Form form;
private StringItem text;
private Display display;

public ThreadTest() {
form = new Form("Thread Test");

// displays the name of the current system thread
text = new StringItem(
"Current Thread:",
Thread.currentThread().getName());

form.append(text);
// commands to exit and create new threads

Command exit = new Command("“Exit", Command.EXIT, 1);
Command newThread = new Command("New Thread", Command.SCREEN, 1);

form.addCommand(exit);
form.addCommand (newThread) ;

form.setCommandListenexr(this);

display = Display.getDisplay(this);
}

public void startApp() {
display.setCurrent(form);

}
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public void pauseApp() {
}

public void destroyApp(boolean unconditional) {
}

public void commandAction(Command cmd, Displayable disp) {
if(cmd.getlabel().equals("Exit")) {
notifyDestroyed();
} else {
System.err.print("Starting new thread ... ");

// create a new thread
Thread runner = new Thread(new ThreadRunner(display));

// and start it
runner.start();

System.err.printin("Done");

h
}
}

class ThreadRunner implements Runnable {

// the parent MIDlet's display
Display display;

ThreadRunner(Display display) {

this.display = display;
}

public void run() {

System.err.print(

"New thread ( " + Thread.currentThread().getName() + " ) running ..

display.setCurrent(
new Alert(Thread.currentThread().getName()));

try {
Thread. sleep(3000);
} catch(Exception e) {}

System.err.println("Done");

}
}

"2
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Caution The getName() used in this listing for the Thread class is a CLDC 1.1 method. This listing will
not work in CLDG 1.0 devices.

Figure 5-1 shows the MIDlet running in the Motorola emulator across a few actions, along
with the output.

Starting new thread ... Done
New thread ( Thread-10 ) running ..

Donhe

Thread-10 Thread Test
iCurrent Thread:Thread-0

R

T e O T

Figure 5-1. Screen and console output for the ThreadTest MIDlet on Motorola emulator

The MIDlet identifies the way threads work in the Java ME environment. The simulation
of along activity inside a new thread doesn't lock up the main MIDlet thread waiting for this
activity to finish. The main MIDlet thread continues its processing after creating and starting
the new thread. This concept is further established in Figure 5-2, which shows the main system
thread and a new thread’s activity and actions.

commandAction()
(New Thread)

ThreadTest Activity | ThreadRunner Activity

ThreadTest() startApp()
ad? L ——— il

System Thread Activity

Figure 5-2. System and new thread activity
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At this stage, you may be wondering if an understanding of thread activity in MIDlets has
anything to do with using the MMAPI over a network. It does because network access of multi-
media files (and all network activity) should only be done in a separate thread, distinct from the
system thread. This is to make sure that network access of these files doesn't leave the main
application unresponsive to the user. This is discussed further later in this chapter.

Understanding Permissions for Network Access

Whereas creating responsive MMAPI MIDlets with separate threads is one aspect of accessing
network based media, another issue relates to permissions for media access over the network.
MIDlets don't automatically have permissions to grab files over the network, so this must be
explicitly or implicitly configured.

MIDlets run in a protection domain, which provides access to individual permissions
based on whether or not the user grants (or denies) these permissions for the current MIDlet
session or for the life of the MIDlet. Individual permissions must be requested explicitly, but
not from within the MIDlet code. The permissions that are interesting for MMAPI development
are javax.microedition.io.Connector.http and javax.microedition.io.Connector.https. This
section focuses on these permissions, which allow retrieval of media files over the Web.

When any attempt is made to retrieve media files over the network, for example, by speci-
fying an HTTP locator for the createPlayer () method, the MIDlet's protection domain kicks in.
Because javax.microedition.io.Connector.http is a restricted permission, the user of the MIDlet
must decide whether to grant access to the network.

As an example, consider the MIDlet in Listing 5-2, which wants to make a connection to
a remote server to retrieve and play an audio file.

Listing 5-2. Playing an Audio File Over the Network
package com.apress.chapters;

import javax.microedition.midlet.*;

import javax.microedition.lcdui.*;

import javax.microedition.media.*;

public class NetworkTest extends MIDlet implements CommandlListener {

private List list;
private StringItem text;
private Display display;
public NetworkTest() {

list = new List("Press Play", List.IMPLICIT);
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// commands to exit and play
Command exit = new Command("Exit", Command.EXIT, 1);
Command play = new Command("Play", Command.SCREEN, 1);

list.addCommand(exit);
list.addCommand(play);

list.setCommandListener(this);
display = Display.getDisplay(this);
}

public void startApp() {
display.setCurrent(list);

}

public void pauseApp() {
}

public void destroyApp(boolean unconditional) {
}

public void commandAction(Command cmd, Displayable disp) {
if(cmd.getlabel().equals("Exit")) {
notifyDestroyed();
} else {
try {
Player player =
Manager.createPlayer(
"http://www.mmapibook.com/resources/media/audio/chapters/siren.wav");
player.start();
} catch(Exception e) { System.err.println(e); }
}
}
}

The bold code is where a Player instance is created by making a network connection for
file retrieval. When you run this listing, the MIDlet needs to be granted permission by the user.
Figure 5-3 shows how this permission is granted in the three different environments (Sun Java ME
emulator, Motorola C975 emulator, and the Motorola C975 device, respectively).
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Use Network?
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Figure 5-3. Granting network access permission

Most users who trust your MIDlet will want to select the Yes, Ask Once choice (or similar),
so they won't be bothered the next time they run your MIDIet. By default, all MIDlets are run
inan untrusted protecnon domaln where the user is always consulted for grannng network
work accessmg MIDlet w1tho ut requiring interaction from the user.

Trust is established by signing your MIDlet and putting it in a trusted domain. The com-
plete details of how you do that is beyond the scope of this book, but this section outlines the
steps required to get the NetworkTest MIDlet working without needing to request permission
to access the network from the user.

To start with, you'll need to modify the JAD manifest file for this MIDIet and add an entry
to request permission for HTTP access, as shown here:

MIDlet-Permissions: javax.microedition.io.Connector.http

If the connection to access the file will be over a secure connection, you need to request
HTTPS access. If you're not sure, you can request both permissions.

MIDlet-Permissions:
javax.microedition.io.Connector.http, javax.microedition.io.Connector.https

Note The preceding code lines should not be broken into two lines during coding; they are broken here
due to space concerns.

Now when this MIDlet is being installed on a device, the AMS will fail the installation if it's
unable to provide these permissions to the MIDlet. This means that if AMS is unable to put this
MIDIlet in a trusted domain, it halts the installation.
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Of course, simply requesting permissions in the JAD file is only half the story. Any rogue
MIDlet could request the permission this way and cause trouble. You still need to establish
some sort of trust principle between the MIDlet and the AMS; the AMS will then trust your
MIDlet enough to let it be installed in a trusted domain. This is done by signing the MIDlet
with a certificate that can be validated up to a root certificate installed on the device.

To complete this test, at least on the Sun Java ME emulator, sign the NetworkTest MIDlet
with the trustedkey key installed with the emulator. You access it by selecting Project » Sign _
" in the emulator as shown in Figure 5-4. This trustedkey is shown in Figure 5-5.

Fle Edt [ETTEEY Hep

@, New F  Bid @, Seitings . ¥ Build O Run B Clear C

: Device: [ Clean R ' v
i;’raject. m RN - ) .
lProject s Package 4
puxldJng v l
puild com  pnvig OTA

Debug

_ St Generator ...
Settings ...

Figure 5-4. Signing the NetworkTest MIDlet in the Sun Java ME emulator

8" sign MiDlet Suite
Action
Sign MIDlet Suite . New Key Pair.. Generate CSR . Import Cenlificate . Impon Key Pair.

Alias List  U2SE Key Details
Creation Date: Wed Nar 16 20:43:39 EST 2005
Certificate chain length: 1
Certificate [1]
Subject: CH=cName, OU=crgUnit, O=ory, L=city, ST=state
Issuer : CN=cName, OU=orgUnic, O=org, L=city, ST=state
Serial number: 42380ddb
Valid from Wed Har 16 20:43:39 EST 2005 to Mon Dec 10 20:43:39 EST 2007
Certificate fingerprints:
MDS5: 04:4f:5b:l4:ed:81l:6b:12:ch:1f:7a:cd:22:a5:b0: 37
SHA: b2:79:46:c6:60:7c:54:catb7:aetbe:3a:d5:chicd: 40: 45; 5h:ed: a2

Figure 5-5. The trustedkey used to sign the NetworkTest MIDlet

After the MIDlet is signed, you can test it by using the Run via OTA menu option shown in
Figure 5-6. You don't use the Run menu option like you have been doing so far because when
you run the MIDlet locally (by selecting the Run menu option), it does not get installed into
a protection domain. Only when installed via the Run via OTA option does your MIDlet gets
a chance to be installed into a requested domain, which is the domain that you request by
specifying permission for it in the JAD file.
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Figure 5-6, Running NetworkTest MIDlet via Over the Air provisioning

Of course, so far, you've only tested in the Sun Java ME emulator platform. Testing on
the Motorola C975 emulator and device is only possible if you have a certificate containing
a key-pair that can be trusted to a root certificate installed on the emulator and device, respec-
tively. Even then, the actual device may only keep your MIDlet in a third-party trust domain
that will never be fully trusted. To get it to a higher trust level, you need to sign it with a cer-
tificate supplied by either a manufacturer (Motorola) or an operator (for example, Vodafone).
An alternate mechanism is to use the Java Verified Program, which certifies your applica-
tion for deployment on devices that support this program. See more details of this program
at hittp:/lwww.javaverified.com.

To summarize, using MMAPI across a network requires looking at two issues:

* Network operations can be time consuming and should be done in a separate thread
from the main application thread.

* Network access requires permission from the user. To gain this permission and then
acquire a level of trust, your MIDlet must request this permission implicitly and be
signed with a certificate that can be traced to a root certificate. Alternatively, explicit
permission from the user is required when network access is attempted,-which the user
may not give.

You just learned about the second item in the preceding list; the next section covers the
first issue in the list in more detail, expanding on what you've learned so far.

Putting It Together

The MIDlets created in the previous chapters have accessed their media files through the JAR
file in which they are bundled. In this section, you'll create a Player instance that will access
a media file over the network via HTTP. You'll create a separate thread from the main MIDlet
thread to handle the task of creating and realizing the Player instance.

Listing 5-3 shows the code for the ThreadedMIDl1et that initiates the playback. When requested
by the user, it creates a new thread using the NetworkPlayerManager class, shown in Listing 5-4.

Listing 5-3. ThreadedMIDlet Creates a New Thread to Play Back a Media File

package com.apress.chapter5;

import javax.microedition.midlet.*;
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import javax.microedition.lcdui.*;
import javax.microedition.media.*;

public class ThreadedMIDlet extends MIDlet implements CommandlListener {

private List list;
private StringItem text;
private Display display;

private NetworkPlayerManager mgr;
private Command cancel = new Command("Cancel", Command.CANCEL, 1);

public ThreadedMIDlet() {
list = new List("Press Play", List.IMPLICIT);

// commands to exit and play
Command exit = new Command("Exit", Command.EXIT, 1);
Command play = new Command("Play", Command.SCREEN, 1);

list.addCommand(exit);
list.addCommand(play);

list.setCommandListener(this);
display = Display.getDisplay(this);
}

public void startApp() {
display.setCurrent(list);

}

public void pauseApp() {
h

public void destroyApp(boolean unconditional) {
}

public void commandAction(Command cmd, Displayable disp) {
if(cmd.getlabel().equals("Exit")) {
notifyDestroyed();
} else if(cmd.getlabel().equals("Cancel")) {
mgr.cancel();
display.setCurrent(list);
} else {
try {
mgr = new NetworkPlayerManager(display, cancel, this);
Thread runner = new Thread(mgr);
runner,start();
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} catch(Exception e) { System.err.println(e); }

}
}
}

As you can see, Listing 5-3 is built on top of Listing 5-2. The changes are marked in bold.
A new command is added to allow users to cancel a request to play the media file, in case it
takes too long or the user changes his mind. The code to handle this command is added in the
commandAction() method. More importantly, the default handling of the play command is
now changed. A new class, NetworkPlayerManager, is created, and because it implements the
Runnable interface, it can be started as a thread. Before going forward, let’s take a look at this
class in Listing 5-4.

Listing 5-4. NetworkPlayerManager Class Implements the Runnable Interface and Makes Network
Connections for Media Playback

package com.apress.chapters;

import javax.microedition.lcdui.*;
import javax.microedition.media.*;

public class NetworkPlayerManager implements Runnable {
private Display display;
private Form form;
private StringItem msg;
private boolean cancel = false;

private Player player = null;

public NetworkPlayerManager(
Display display, Command cancelCmd, ThreadedMIDlet parent) {

this.display = display;

form = new Form("Network Player Manager");

msg = new StringItem("Please Wait ... ", null);
form.append(msg);

form. addCommand (cancelCmd);

form.setCommandListener(parent);

}

public void run() {

display.setCurrent(form);
boolean connected = false;
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try {
player =
Manager.createPlayer(
"http://www.mmapibook.com/resources/media/audio/chapterS/siren.wav");

player.realize();

connected = true;

} catch (Exception e) {
msg.setText("Failed:
System.err.println(e);
return;

}

+ e.getMessage());

if(connected && !cancel)

msg.setText("Connected. Starting playback...");
else {

msg.setText("Unable to connect.");

return;

}

try {
player.start();

} catch(Exception pe) {
msg.setText(pe.getMessage());
System.err.println(pe);

}

}

public void cancel() {
cancel = true;
if(player!= null) player.deallocate();

}
}

When a new instance of the NetworkPlayerManager class is created, it creates a Form instance
and appends a StringItem for displaying messages. The cancel command is attached to this
form, but the command listener for this command is still the calling MIDlet.

When the thread is started, the run() method takes over. It makes the form instance as the
current display and tries to realize the Player instance for playback of the media file. If connec-
tion can be established, the message on the screen is updated and the playback is initiated. If,
for some reason, the connection cannot be established, an error message is displayed and the
display returns to the calling MIDlet.

Connection may not be established for a variety of reasons. The device may not allow your
MIDlet access to the network if it isn’t signed and in a correct domain, as you learned in the
previous section. A path to the remote server may not be available.
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While the MIDlet is trying to connect to the remote server, the user must be given a chance
to cancel the request. The user can do this by issuing the cancel command. When this happens,
the cancel() method is called, which deallocates the Player instance. Recall from Chapter 4 that
calling deallocate() on an instance that is blocked at the realize call results in the instance
being returned to the UNREALIZED state. Thus, if the network is intermittent or taking too
long, the user can cancel the request. If the Player instance has already reached the REALIZED
state, calling cancel will not affect anything.

If you sign this MIDlet and put it in the correct domain, you will not be asked permission
to access the network when you run it. Figure 5-7 shows running a MIDlet over the Sun Java ME
and the Motorola C975 emulators.

Network Player Manager Network Flayer Manager
Plaase Wait ... Flease Wait ...
Connectad. Starting playbach..

Figure 5-7. Network access of a media file using a separate thread over Sun’s DefaultColorPhone
and Motorola C975 emulators

Summary

Accessing media data over the network requires careful consideration because it involves two
issues. First, network access should be done in a separate thread from the main thread, because
accessing the network may block the main thread for a long time, leading to an unresponsive
MIDlet. Second, network access requires permission from the user of the MIDlet as it may lead
to charges from the network operator.

This chapter showed you how to overcome these two issues by explaining threads in Java ME
and how they affect network access. The chapter also explained the concept of protection
domains and how to overcome them for requesting permissions for network access. The chap-
ter finished with an all-encompassing example that solved those two issues together.

The next chapter covers generating and playing tones using MMAPI with the help of the
ToneControl control.

7



CHAPTER 6

Creating and Playing Tones
Using ToneControl

The MMAPI is unique in providing a genuine capability to play synthetic tones on mobile devices.
We all recognize the sometimes annoying, but practical, ring tones on most mobile phones.

With MMAP], you can program your own tones to build a ring tone that plays when an event
occurs, to embed in a game as a musical accompaniment to the main action, or just for plain fun.

In this chapter, you'll learn how to use the built-in tone generator mechanism in MMAPI
to generate and distribute synthetic tones. You'll start with the single note generator provided
by the Manager class. You'll then learn about the ToneControl class, which provides mechanisms
to generate complex tones based on user-defined sequences, Finally, you'll learn how to distrib-
ute these tone sequences using the JTS file structure.

First, however, you need to understand the basics of synthetic tones. Let's start with some
background on this topic.

Understanding Synthetic Tones

Synthetic tones, as the name suggests, are tones generated synthetically, or more specifically, by
a computer system. A ring tone is a dominant example of synthetic tones, but computer sys-
tems have been capable of generating these tones for quite some time. The ring tone industry
has popularized the enormous push for this technology to enhance capabilities of mobile
phones, resulting in first, monophonic, and now, polyphonic ring tones.

A synthetic tone is a musical note that has a defined duration. Monophonic ring tones
only play one note of music at a time. Before the start of the next note, the previous note is cut
off. Older synthesizers and almost all mobile phones and devices can play monophonic tones.

Note In music, a noteis the unit of fixed pitch that has been given a name, or the graphic representation
of that pitch in a notation system. In English, notes are given seven names: A, B, C, D, E, F, and G (in order of
rising pitch).
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Comparatively, polyphonic ring tones can play multiple tones at the same time, thereby
providing the effect of multiple instruments playing together. Not only does it resemble a more
convincing musical background, but also it’s pleasing to the ears. Most modern mobile devices
are capable of playing polyphonic tones.

As far as MMAPI is concerned, a single tone is specified using the note, duration, and
volume. These three must be specified for the underlying engine to be able to play the tone.
MMAPI provides the capability to play either a single tone using the static method Manager.
playTone(int note, int duration, int volume) or more complex tone sequences (ring tones
are nothing but sequences of tones) using the ToneControl interface. You'll see examples of
both of these shortly.

Understanding Note, Pitch, and Frequency

To better understand how MMAPI plays tones, you must differentiate between different notes
of music by understanding how notes relate to pitches and how their representation is used in
MMAPL

As stated earlier, in English seven notes are represented by the symbols A, B, C, D, E, E and
G. Each of these represents an increasing frequency of music. However, frequency is a physical
term, as far as human understanding of music is concerned, and therefore, it is replaced with
the more generic term of pitch. Thus, musically, pitch is the perception of the frequency of a note,
and the symbols A to G represent notes in order of rising pitch. Symbol A represents a lower
pitched musical note than symbol B, which is lower than symbol C, and so on.

Mathematically, each symbol is related to a frequency value, because each symbol represents
a pitch. Table 6-1 shows the frequency value of each symbol.

Table 6-1. Frequency Values for the Basic Notes

Note Symboal Frequency (in Hertz (Hz))
A 440

B 493.92

C 523.28

D 587.36

E 659.28

F 698.48

G 784

Of course, things are not this simple. There are a large number of variations on the basic
symbols, so let’s clarify some of the more important ones.

Even though notes are represented using only these seven symbols, the symbols are repeti-
tive for frequencies that are an octave above or below them. This is better explained with an

example.

Note An octaveis the interval between one musical note and another with half or double the frequency.
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Consider the symbol A. Although it represents the frequency 440, it also represents the
frequencies 220 (= 440 / 2) and 880 (= 440 * 2). Further, it represents the frequencies 110 (=220 / 2),
55 (=110/2),and 27.5 (=55 / 2) as well. All these frequencies are an octave interval apart because
they are double or half of the frequency before or after them, respectively. Thus, A is a musical
note that represents the frequencies 27.5, 55, 110, 220, 440, and 880. To distinguish between the
different octaves, a number is placed after the symbol. A4 represents the fourth octave for
the musical note A, which is 440 Hz. Table 6-2 summarizes some of these symbols.

Table 6-2. The Different Octaves for the Musical Note A

Symbol Frequency (Hz)
AD 275

Al 55

A2 110

A3 220

A4 440

A5 880

The other seven symbols are similarly modified to arrive at different corresponding
octaves. As an example, Table 6-3 shows some of the different octaves for the musical note C.

Table 6-3. The Different Octaves for the Musical Note C

Symbol Frequency (Hz)
Co 16.35

C1 32.70

c2 65.41

c3 130.82

C4 261.64

C5 523.28

When no number is placed after a musical symbol, it usually means the fourth octave.
Thus, A implies the frequency at 440 Hz (A4), and C implies the frequency at 261.64 (C4).

Besides octaves, the notes can differ by a semitone. If an octave difference in frequency is
double or half of each frequency, a semitone is a musical interval that is one-twelfth of an
octave. Alternatively, an octave contains 12 semitones.

Note A semitone is one-twelfth of an octave and is also known as half step. It is the smallest musical
interval.

Thus, if a musical note differs from another by a semitone, it is modified into either a sharp
or a flat. A sharp raises the pitch of a note by a semitone interval, whereas a flat lowers the pitch

7%
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by a semitone interval. Using musical notation, a sharp is denoted by # while b is used to denote
a flat. Thus, C* (pronounced C-sharp) denotes the musical note that is a semitone above C, and
equals 277.183 Hz. This symbol may also be written as Cf, but C* is more common.

The figure of 277.183 for a pitch that is a semitone above C4 (261.64 Hz) comes from the
fact that a semitone is one-twelfth of an octave, and an octave above a frequency means dou-
bling over the previous frequency. This implies that a semitone above (or sharp as it is called)
a frequency means multiplying it by the twelfth root of 2. The twelfth root of 2 equals 1.059463.
Therefore, 261.64 * 1.059463 = 277.183.

Similarly, a flat pitch implies dividing the frequency by the twelfth root of 2. Therefore, C?
equals 261.64 / 1.059463 = 246.95.

Given any note, you can thus arrive at the note higher or lower than that by multiplying or
dividing it by the constant 1.059463.

Using a MMAPI Formula to Calculate Note Values

With this brief interlude into musical mathematics complete, let’s return to the tone support
in MMAPI. To play a single tone, you can use the Manager class static method playTone(int note,
int duration, int volume).The second and third parameters are self explanatory, but the first
one needs an explanation. With the background in mind from the previous section, the first param-
eter cannot be the frequency of a note because it is only an int value, whereas frequencies can
have a decimal part.
The Javadoc for this method defines that the note parameter can be a value between

0 and 127, both inclusive. It also provides a formula to arrive at these values as well, based on
the frequency of the desired note to be played as a tone by this method. This method is shown here:

note = 1n(freq/8.176)*(17.31234049066755)
The value 17.31234049066755 is called the SEMITONE_CONST and is arrived at with the formula:
SEMITONE_CONST = 1/(1n(2"(1/12)))

Note that 1n in both these formulas means log to the base ‘e, also called the natural logarithm
of a number (as opposed to the common logarithm, which is log to the base 10).

Using this formula, let’s calculate the corresponding int note parameter value for the note
represented by C*. As you learned in the last section, the frequency of C* is equal to 277.183.

note (C*) = 1n(277.183/8.176) * (17.31234049066755) = 61 (after rounding)

To play C# using MMAPI, you use the value 61. Listing 6-1 shows a MIDlet that will play
this value when run.

Listing 6-1. Playing C# for 5 Seconds at Max Volume

package com.apress.chapter6;

import javax.microedition.midlet.MIDlet;
import javax.microedition.media.Manager;
import javax.microedition.media.MediaException;

public class CSharpMIDlet extends MIDlet {
public CSharpMIDlet() {

}
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public void startApp() {
try {
// plays C# (frequency of 277.183 for 5 seconds at max volume)
Manager.playTone(61, 5000, 100);
} catch(MediaException me) { System.err.println(me); }

3

public void pauseApp() {
}

public void destroyApp(boolean unconditional) {

}

The outcome on all three of our test environments will be the same sound being played
for a maximum of 5 seconds at the loudest permissible volume. Not terribly exciting, but it
demonstrates the basic way of using this method to play tones.

You don't have to manually calculate the integer value of a note given its frequency. List-
ing 6-2 shows a simple Java class that does this for you using the formula provided earlier. The
class also contains a method for doing the reverse; that is, given the integer value of a note, it
will tell you the corresponding frequency of the note/tone. Finally, this Java class contains
a method that will print all the 128 notes along with their corresponding frequencies.

Caution Listing 6-2 cannot be run in a Java ME environment because Java ME doesn’t contain the
methods 1n(double val) and exp(double val) in the Math class. Therefore, this method must be run in
a Java SE environment.

Listing 6-2. A Simple Java Class to Calculate Note Frequencies and int Values

package com.apress.chapter6;
public class NoteCalculator {

public static final double SEMITONE CONST = 17.31234049066755;
public static final double ARBIT CONST = 8.176;

public static int getNoteAsInt(double freq) {
return (int)Math.round((Math.log(freq/ARBIT_CONST) * SEMITONE_CONST));

}

public static double getNoteFreq(int note) {
return (ARBIT CONST * Math.exp(note/SEMITONE_CONST));

}
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public static void printAllNotefreq() {
for(int i = 0; i < 128; i++) {
System.err.println(i + " : "
}
}

+ getNoteFreq(i));

public static void main(String[] args) {

try {
if(args.length == 2) {
if(args[o0].equals("1")) {
double freq = new Double(args{1]).doubleValue();
System.err.println(args[1] + " Hz : " + getNoteAsInt(freq));
} else {
int note = new Integer(axgs[1]).intValue();
System.err.println(args[1] + ": " + getNoteFreq(note));
}
} else {
System.err.println("Usage: NoteCalculator convType convVal \r\n" +
" where convType: 1 for freq in Hz and 2 for note value in int \r\n" +
" and conwal is the actual value");
}
} catch(Exception e) {
System.err.println(e);

}

// print all notes from 0 to 127
printAllNoteFreq();

Using the methods of this class, Table 6-4 lists the integer note values for the basic notes
defined in Table 6-1.

Table 6-4. Integer Note Values for the Basic Notes

Basic Note Integer Note Value
69
71
72
74
76
77
79
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