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Learn how to use threads in MIDlets to communicate over a network connection.
Without multithreading, a MIDlet that requests a network connection blocks while
waiting for a response from the network. In the real world, a user expects the
application to continue running, even while a network connection is underway.

Section 1. Before you start

About this tutorial

This tutorial teaches you how to use threads in MIDlets to communicate over a
network connection. Without multithreading, a MIDlet that requests a network
connection blocks while waiting for a response from the network. In the real world, a
user expects the application to continue running, even while a network connection is
underway.

| begin the tutorial by demonstrating the problems of non-threaded MIDlets. From
there, you learn what you need to know about threading, including the two
approaches for working with threads in Java

In the final section of the tutorial, you'll build a multithreaded MIDlet. This application
prompts the user for the URL of an image to download. Once the network
connection has been initiated, and the download stated, the user is returned to the
main application interface. From here, even while the download is in progress, the
user is able to move about the interface, including entering a new URL path. Upon
completion of the download, the MIDlet notifies the user with a dialog box indicating
success (hopefully, rather than failure), and the downloaded image is displayed.
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After completing the tutorial you should have a solid understanding of the
importance of multithreading and a foundation to build upon for creating your own
threaded MIDlets.

Prerequisites

You'll need two software tools to complete this tutorial:

» The Java Development Kit (JDK): The JDK provides the Java source
code compiler and a utility to create Java Archive (JAR) files. When
working with version 2.0 of the Wireless Toolkit (as | will be here), you'll
need to download JDK version 1.4 or greater. Download JDK version
1.4.1.

* The Wireless Toolkit (WTK): The Sun Microsystems Wireless Toolkit
(WTK) is an integrated development environment (IDE) for creating Java
2 Platform, Micro Edition (J2ME) MIDlets. The WTK download contains
an IDE, as well as the libraries required for creating MIDlets. Download
J2ME Wireless Toolkit 2.0.

Install the software

The Java Development Kit (JDK)

Use the JDK documentation to install the JDK. You can choose either the default
directory or specify another directory. If you choose to specify a directory, make a
note of where you install the JDK. During the installation process for the Wireless
Toolkit, the software attempts to locate the Java Virtual Machine (JVM); if it cannot
locate the JVM, you are prompted for the JDK installation path.

The Wireless Toolkit (WTK)

This tutorial builds on an earlier developerWorks tutorial "MIDlet Development with
the Wireless Toolkit" (see Resources), which explains the basics of creating MIDlets
with the toolkit. This tutorial is an excellent starting point if you are new to the
Wireless Toolkit.

The Wireless Toolkit is contained within a single executable file. Run this file to
begin the installation process. It is recommended that you use the default installation
directory. However, if you do not use the default directory, make sure the path you
select does not include any spaces.
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Section 2. Non-threaded MIDlet

Overview

It seems best to begin with the problem at hand, namely, understanding why you
need to use multiple threads when building MIDlets that communicate over a
network. This first section shows a short application with both a trivial user interface
and a lackluster php script; nevertheless, you'll get the point regarding the
importance of threading.

This MIDlet displays a quote that is stored on a remote server. There are a total of
nine quotes available. The user enters a number between one and nine to retrieve
and display one of the quotes. The goal of the MIDlet is to demonstrate how the
application blocks once the network request is initiated.

Let's begin by creating the project. You'll see the application screenshots to see
where the problem occurs once you have the program up and running.

Create MIDlet

For each MIDlet developed in this tutorial, follow the same set of steps you use
when using the Wireless Toolkit:

1. Create the project.

2. Write the source code.

3. Compile and preverify the code.
4.  Run the MIDlet.

You'll start by creating a project in the next panel.

Create the project

1. Click New Project.

2.  Enter the project name and MIDlet class name, as shown in Figure 1.
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3.  Click Create Project.

Figure 1. Create GetQuote project
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Write the Java code

Begin by copying and pasting the following GetQuote.java code into a text editor:

i mport javax.mcroedition.nmidlet.?*;
i mport javax.m croedition.lcdui.?*;
i mport javax.mcroedition.io.*;

i mport java.io.*;

public class Get Quote extends M D et inplenents ComrandLi st ener

private Display display; /1l Reference to Display object
private Form f nm\ai n; /!l The main form

private Conmand cnRetrieve; // Command to get quote

private Conmand cnExit; /1l Command to exit M Dl et

private TextField tfQuote; [/ Phone nunber

private String url = "http://ww. corej2me. com i bm quot es2. php";

| ¥ o e o o e e o e e e e e e e e e emee oo

: Construct or

public Get Quote()

‘ di splay = Display. getD splay(this);
/'l Create commands

cnRetrieve = new Command("Retrieve", Comrand. SCREEN, 1);
cnExit = new Command("Exit", Command. EXIT, 1);
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/1 Textfield to pronmpt for quote nunber
tfQuote = new TextField("Get quote between 1 and 9:", "", 1,
Text Fi el d. NUVERI C) ;

/] Create Form add Comands & textfield, listen for events
fmvain = new Fornm("Quote MD et");

f mvai n. addComand( cnExi t) ;

f mvai n. addConmand(cnRetri eve) ;

f mVai n. append(tf Quot e);

f mVai n. set CommandLi st ener (t hi s);

}

/1 Called by application nanager to start the MD et.
public void startApp()

di spl ay. set Current (f mVai n) ;

?u?l ic void pauseApp()

public void destroyApp(bool ean unconditi onal)

{1}
public void conmandActi on( Conmand c, Displayabl e s)
if (c == cnRetrieve)
try
/1 Connect to the server, passing in request quote
String str = connect(tfQuote.getString());
f mvai n. append( " Quote: " + str);
%:atch (Exception e)

Systemout.println("Unable to get quote " + e.toString());

else if (c == cnExit)

dest royApp(fal se);
not i f yDest royed();

| ¥ o e o o e o e e e e e e e e e mmemeoo-
* Connect to the renote server, run the php script
* and return the request quote.

private String connect(String number) throws | CException

InputStreami Strm = nul | ;

Byt eArrayCQut put Stream bStrm = nul | ;
Ht t pConnection http = null;

String quote_string = null;

try
{

/] Create the connection
http = (Htt pConnecti on) Connector.open(url + "?nunber=" + nunber);

Systemout.println(url + "?nunber=" + nunber);
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htt p. set Request Met hod( Ht t pConnect i on. GET) ;

/1 If you experience connection/|O problens, try
/'l removing the comment fromthe followi ng |ine
/Il http. set Request Property("Connection", "close");
/1 2) Send header information

/1 3) Send body/data - No data for this request

/ 1) Get status Line
f (http.get ResponseCode() == HttpConnection. HTTP_OK)

/1 2) Get header infornmation
/1 3) Get data from server
= http. openl nput Strean() ;
ngth = (int) http.getLength();
bStrm = new Byt eArrayQut put St ream() ;
le ((ch =iStrmread()) != -1)
/1 lgnore any carriage returns/linefeeds
if

(ch I'= 10 && ch !'= 13)
bStrmwite(ch);

}
quote_string = new String(bStrmtoByteArray());
}
1
finally
{
/1 Cean up
if (iStrm!= null)

i Strm cl ose();
if (bStrm!= null)
bStrm cl ose();
if (http !'= null)
http. close();

return quote_string;

Save the Java code

When you create a new project, the WTK builds the proper directory structure for
you. In this example, the WTK has created the C:\WTK21\apps\GetQuote directory
and the necessary subdirectories. Save your Java source file as GetQuote.java in
the src directory as shown in Figure 2. (Note that the drive and WTK directory vary
depending on where you have installed the toolkit.)

Figure 2. Save GetQuote code
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You'll review the details of the code in an upcoming section.

Write the PHP script

Now, write a short PHP script to return a quote based on the number submitted by
the user. Copy and paste the following script into a text editor:

<?php

$quotes[] = "I think there is a world market for maybe five computers.
Thonmas Watson.";

$quotes[] = "The answer to life's problens aren't at the bottom of a
bottle, they're on TV! Honmer Sinpson.";

$quotes[] = "I love California, | practically grew up in Phoeni x.
Dan Quayle.";

$quot es[] = "640K ought to be enough for anybody. Bill Gates.";

$quotes[] = "Some people are afraid of heights. Not nme, |I'mafraid
of widths. Steven Wight";

$quotes[] = "Start every day off with a smle and get it over
with. W C. Fields ";

$quotes[] = "I amnot a vegetarian because | |ove ani nals;
I am a vegetarian because | hate plants. A Witney Brown";

$quotes[] = "A conclusion is sinply the place where soneone got
tired of thinking. Arthur Bl ock";

$quotes[] = "Arich man's joke is always funny. Proverb.";

I e R

// It all starts here.

/'l Get requested quote nunber paraneter passed in the url

A e

if (isset($_GET))

{

$quot e_num = $_GET[ "nunber "] ;

}

/]l Create a delay to neke the probl em of no-threads nore obvious

sl eep(5);

/] User entered a quote nunber
i f ($quote_num > 0)
{
Threads and networking in J22ME Trademarks
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/'l Decrenent the quote requested because our array is zero based
echo $quot es[ $quote_num - 1];

else [// User did NOT enter a quote nunber, return a random quote

/1 Initialize random nunber generat or
srand( (doubl e)m crotine() * 1000000);
/1l Get a randomvalue that is between 0 and the |length of our array
(minus 1) rand_num = rand(0, (count($quotes) - 1));
/1l Echo the quote fromthe array
echo $quot es[ $rand_nuni ;

?>

Save the PHP code

Save the PHP source code as quotes2.php in the doc root on the Web server.
Figure 3 shows the default location when installing Apache using the default
configuration options.

Figure 3. Save GetQuotes PHP code

8% htdocs IS[= EX
Fle Edit View Favoites Tools Help 1y
DBk - () - T | ) searh ‘1 Folders | [T31]-

Address | ) C:4Program Files\dpache Group'Spache2ihtdocs =| E Go
Foldass x | _Mame Size | Type =

- 2KE PHPF
E] G Apachs Groun = B cuctes:phip 1KE PHP F—
B 3 Apache2 i J
Tj] ‘"pj Bifs @cnunter.m 1KE TewtD
£ cgibin ' g quotes.tat TKE TewtD
&3 conf & counterphp 1KBE PHPF
B £ eror {3 zample php 1KE PHPF
¥, o BidsE & GolfCalculator.php EKE PHPF
B B icons A AgeCaloulator.php 1KE PFHFF
e | = index htol war 3KE VARF=
a [ 2 T | H
You'll look at the specifics of what is occurring in the PHP script in an upcoming

section.

Compile and preverify
Click Build to compile, preverify, and package the MIDlet, as shown in Figure 4.

Figure 4. Build GetQuote project
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Click Run to start the Application Manager.

Figure 5. Run GetQuote project
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Start the GetQuote MIDlet
To start the GetQuote MIDlet, click Launch, as shown in Figure 6.
Figure 6. Launch GetQuote MIDlet
Threads and networking in J2ME Trademarks
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Foanntl
Select one to launch:

Zettuote

With the MIDlet running, I'll demonstrate where the problem lies. Figure 7 shows the
textfield that prompts for a number between 1 and 9. This value represents which
guote to retrieve from the server. The moment you select the Retrieve command, the
network connection starts. Although difficult to show in a static screenshot, if you run
the MIDlet you notice that you cannot perform any action on the MIDlet while the
remote server is accessed. This includes the inability to select a different number in
the textfield, as well as to exit the MIDlet!

Figure 7. Retrieving quotes
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This iz when the problem ococurs, Once
vou select 'Retrieve’ the application will
block, waiting for the netwark cannection
to return the requested quote.

As an experiment, when running the
MIDet, try to change the quote number
in the TextBox. You'll notice the MIDIet
will not respond until the netwark:
Retrieve connection is complete.

SELECT »

After the MIDlet has received a response from the server, the display is updated with
the requested quote. See Figure 8.

Figure 8. Display quote

Get quote between 1 and 9: |[|

Guote; Some people are afraid of

heights. Mot me, It afraid of once the guote has been retrieved from
widths . Steven Wight the server, and displayved on the device,
the MIDIet interface is no longer locked
weaiting far the netwark connection to
complete.

This is demanstrated in this screen shot
by shiowiing howy the texdfield contents
Ree e can be cleared.
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GetQuote MIDlet caveat

As a way to ensure the user doesn't attempt to stump the quote server, should the
user elect to select the Retrieve option without entering a number in the textfield, the
PHP script is smart enough to return a random quote. Figure 9 demonstrates this
idea by retrieving and displaying a quote with no user input.

Figure 9. Get random quote

Get quote between 1 and 9: ID

Gote: & conclusion is simply the
place where zomeone got tired of
thinking. Arthur Block

Code review: commandAction()

Let's briefly review how events are processed and the specifics of connecting to the
server where the PHP script resides. Below is the code for processing commands.
Notice the call to the connect() method, passing in the value from the textfield where
the user entered their desired quote.

public void commandActi on( Conmand c, Displayable s)
if (c == cnRetrieve)
try

/] Connect to the server, passing in request quote
String str = connect(tfQuote.getString());

Threads and networking in J22ME Trademarks
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f mVai n. append(" Quote: " + str);
}
catch (Exception e)
Systemout.println("Unable to get quote " + e.toString());

Llse if (c == cnExit)

destroyApp(fal se);
noti f yDestroyed();

Inside the connect() method (which you'll see in the next panel) is where the heart of
the code lies for connecting to the server and processing the server output. In the
code above, after retrieving the server response, the display is updated by
appending the requested quote onto the device.

Code review: connect()

If you have done any amount of communication over a network connection with
J2ME, most of the code should look familiar. Notice how | pass the user requested
guote number as part of the URL. For example, if the user asks for quote number 5,
the resulting URL is: http://www.corej2me.com/ibm/quotes2.php?number=5. With the
URL in hand, | simply open the connection, specify the request type (GET versus
POST), and wait for the response.

private String connect(String number) throws | CException

InputStreami Strm = nul | ;

Byt eArrayCQut put Stream bStrm = nul | ;
Ht t pConnection http = null;

String quote_string = null;

try
{

/] Create the connection
http = (H tpConnection) Connector.open(url + "?nunber=" + nunber);

Systemout.println(url + "?nunber=" + nunber);

~

/
/1 dient Request
[[ccoccccocooccoooco
/

h

ttp. set Request Met hod( Ht t pConnect i on. GET) ;

/1 If you experience connection/|O problens, try
/1 renmoving the comment fromthe followi ng |ine
/Il http.set Request Property("Connection", "close");
/1 2) Send header information

/1 3) Send body/data - No data for this request

T
/| Server Response

Threads and networking in J22ME Trademarks
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Get status Line
ttp. get ResponseCode() == Htt pConnecti on. HTTP_OK)

~ ~pk
5

/1 2) CGet header infornation
/1l 3) Get data from server

i Strm = http.openl nput Strean();
int length = (int) http.getLength();

int ch;

bStrm = new Byt eArrayQut put St reamn() ;
while ((ch = 1Strmread()) !'=-1)

{

/1 lgnore any carriage returns/linefeeds
if (ch!= 10 & ch != 13)
bStrmwite(ch);
}

quote_string = new String(bStrmtoByteArray());

}
finally

/1 Cean up

if (iStrm!= null)
i Strm cl ose();

if (bStrm!= null)
bStrm cl ose();

if (http !'= null)
http. cl ose();

return quote_string;

}

Once the server responds, | check the status code to see if the connection request
was successful. If so, | read the server response and store the result in the variable
guote_string. Near the end of the connect() method you'll notice | return this same
value from the method. If you go back to the previous panel, you'll see that the return
value from the code shown above is what is displayed on the device.

This completes the loop for the MIDlet. You've requested a quote, sent the request
to the server, and read and displayed the server response. All that is left is to review
the PHP script that generates the requested quote. The next panel discusses the
PHP code.

Code review: PHP script

To generate a quote, I've taken the easy way out by simply creating an array and
populating each entry with a quote. A much more robust way to accomplish this
would be to read the quotes from a file. Though not too difficult, | thought it best to
keep the focus on the task at hand -- how to get the parameter passed in from the
MIDlet and to return a quote that matches the request.

Threads and networking in J22ME Trademarks
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The first few lines show the nine quotes that are available, and where each is stored
in a separate array entry. Begin by checking to see if a parameter was passed in
from the MIDlet, If yes, get the value and store it in the variable quote_num. Next,
you'll notice a call to sleep(), a request that asks the PHP script to pause for five
seconds. You want to add the delay to ensure that the code on the other end (the
MIDLET) has an obvious pause while waiting for this PHP script to complete. The
intention is to show how the MIDlet blocks, and without this sleep request, those with
a very fast network connection with this short PHP script could execute so quickly it
would appear as though no blocking were taking place.

<?php

$quotes[] = "I think there is a world market for maybe five conputers.
Thomas Wat son. ";

$quotes[] = "The answer to life's problems aren't at the bottom of a
bottle, they're on TVI Honmer Sinpson.";

$quotes[] = "I love California, |I practically grew up in Phoeni x.
Dan Quayle.";

$quotes[] = "640K ought to be enough for anybody. Bill Gates.";

$quotes[] = "Sone people are afraid of heights. Not ne, |'mafraid of
wi dt hs. Steven Wight";

$quotes[] = "Start every day off with a smle and get it over wth.
W C Fields ";

$quotes[] = "I amnot a vegetarian because | |ove aninmals; | ama
veget ari an because | hate plants. A \Witney Brown";

$quotes[] = "A conclusion is sinply the place where soneone got tired
of thinking. Arthur Bl ock";

$quotes[] = "Arich man's joke is always funny. Proverb.";

e e

/1 It all starts here.
/| Get requested quote nunber paranmeter passed in the url

/|l Create a delay to make the problem of no-threads nore obvious
sl eep(5);

/] User entered a quote numnber
i f ($quote_num > 0)

/1 Decrenent the quote requested because our array is zero based
echo $quot es[ $quot e_num - 1];

}
else // User did NOT enter a quote nunber, return a random quote

/1 Initialize random nunber generat or
srand( (doubl e)mi crotime() * 1000000);

/1l CGet a randomvalue that is between 0 and the | ength of our array
(mnus 1) $rand_num = rand(0, (count($quotes) - 1));

/1 Echo the quote fromthe array
echo $quot es[ $rand_nunj ;

?>

If the quote number is greater than zero, you know the user passed in a value and
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you can access the proper array entry to get the quote. Otherwise, the user did not
specify a value in the text box and a random quote from the available list is returned.
You do this by generating a random number between zero and the number of entries
in the array, minus one. You must decrement by one because array values always
begin with O (zero) in PHP. If you skip this step, you run the risk of getting a value
greater than the number of entries in the array.

In either case, once you retrieve the quote from the array, you echo the string back
to the MIDlet. That's all there is to creating a simple quote generator.

Non-threaded MIDlet summary

When writing applications within J2ME, you've now seen the problem with
requesting a network connection without running the code in a separate thread. The
reason the MIDlet blocks is that the code is running in a thread owned by the
system. If the code executing in this thread waits for a connection to complete, the
MIDlet waits as well.

For any production MIDlet, this type of coding simply wouldn't be acceptable. The
solution is to offload the network processing code into a new thread of execution. As
you'll see in the upcoming panels, this approach allows the network processing to
take place in the background and the MIDlet user interface to remain responsive.

Now, let's move on to the next section to talk more about threading within J2ME.

Section 3. Threads

Overview

Threads allow more than one path of execution through a program. One example of
a multithreaded program we are all familiar with is a Web browser. For instance,
while a page is downloading, you can still move about the browser, open menu
items, type in new Web addresses, and so on. With a single threaded application,
such scenarios would not be possible. Relating back to the previous example
(because there is not a thread created specifically for the network communication),
the application can essentially perform only one operation: the network task. All
other aspects of the program are put on hold, so to speak.

After a thread is created (which I'll discuss in the following panels), you start it by
calling start(). Execution of the thread begins with a call to the run() method. You can
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temporarily pause a thread by calling sleep(), which causes the thread execution to
stop for a specified number of milliseconds. Unlike J2SE, there is no method call
available to stop a thread. You'll see how to get around this when you develop the
multithreaded MIDlet later in the tutorial.

Let's move on to see the two ways to create threads in J2ME.

Threading Techniques
As in J2SE, there are two approaches for working with threads. One is to directly
subclass Thread, and the second is to implement the Runnable interface. I'll now

walk through each of these options, and you'll see what makes one option better
than the other.

A good place to start is by subclassing Thread directly. Let's see how this is done.

Subclass Thread

The first approach to working with threads is to extend the Thread class, as shown
below.

cl ass Networ kThread extends Thread

public void run()

/'l Thread code goes here

}
Creating an instance of the class and starting the thread is straightforward.

Net wor kThr ead t hreadl = new Networ kThread() ;
threadl. start();

Remember, invoking start() results in the run()method being called.

Implement Runnable interface

The second approach for creating threads is to implement the Runnable interface.
The code example below shows how this might look.

public class Appl et Test extends Applet inplements Runnabl e

Threads and networking in J22ME Trademarks
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public void run()

/1 Thread code goes here

}
To start the AppletTest thread, you create a Thread object as shown below.

Appl et Test somecl ass = new Appl et Test () ;

Thread thread2 = new Thr ead( Appl et Test) ) ;
thread2.start();

Although this is very similar to the previous example, a few minor adjustments are
necessary to the syntax because you are not directly subclassing Thr ead.

Comparing two thread approaches

So what are the reasons for choosing one approach over another in working with
threads? It is not really as much about choice as it is about which option is available
given the classes you are working with. Let's refer back to the previous panel, where
I implemented the Runnable interface. The example code from the panel is:

public class Appl et Test extends Applet inplenments Runnabl e
{

public void run()

/1 Thread code goes here

}

AppletTest extends the Applet class. In the Java language, you cannot extend more
than one class. To work around this limitation, and in order to allow support for a
thread in AppletTest, the only option is to implement the Runnable interface.
Determining whether to extend Thread or to implement the Runnable interface is not
really a choice you need to make, it depends more on the current class definitions
you have in place.

J2SE versus J2ME threads

As with many other features in J2SE, J2ME provides only a subset of functionality in
an effort to reduce the overall size and increase the performance for constrained

Threads and networking in J22ME Trademarks
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mobile devices. When working with threads, | need to point out a few of the
differences for those who have worked with threads previously in J2SE.

* No thread groups. Threads are processed on an object by object basis.
You cannot start or stop a group of threads through one method call in
J2ME.

* No daemon threads. Daemon threads are threads that essentially run to
provide a benefit or service to other threads. For example, in the HotJava
browser there is a daemon thread that reads images for any other object
or thread that might need an image.

* No stop() method. A thread in J2ME lives until the run() method is
exited. I'll show an example of how this is accomplished in the
multithreaded network MIDlet.

Threads summary

In this last section you got a brief overview of threading in Java. You learned about
the two ways of creating threads -- by subclassing Thread directly or by
implementing the Runnabl e interface. | concluded by comparing the differences
between the thread support in J2SE and J2ME.

Section 4. Multithreaded MIDlet

Overview

It can be put off no longer. Let's write the MIDlet | have been referring to since you
began this tutorial -- a multithreaded J2ME application. The MIDlet downloads
images over a network connection, and prompts the user for a URL to the image
using a Text Box component. Once the user begins the download you will get the
URL from the textbox, display a message in an Alert component indicating the
download has begun, and finally, start a thread to begin the download.

The alert dialog box is of type non-modal, meaning it is displayed for a specific
amount of time; in our case, three seconds. As soon as the dialog is no longer
active, the user is returned to the textbox component. As the image is downloaded,
the user can continue working with the application. For example, the URL to a new
image could be entered in the textbox.

Threads and networking in J22ME Trademarks
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Once the download is complete, the MIDlet notifies the user by showing a new alert,
indicating success or failure of the download. At this point, the alert is modal, which
implies that it requires confirmation from the user before the alert is removed from
the display. As the last step, once the alert is removed, the downloaded image is
shown on the device display.

Let's walk through a few screenshots to further clarify the process just described.

Available images

The MIDlet begins by prompting for a URL to an image. There are several images
that | have placed on the www.CoreJ2ME.com Web site. Here are the URLs and a
picture of each associated image:

Figure 10. http://www.corej2me.com/ibm/lighthouse.png

".‘E_

Figure 12. http://lwww.corej2me.com/ibm/pond.png
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Screenshot -- get URL

The first task of the MIDlet is to prompt the user for the URL to an image. See Figure
13. Notice there are just two commands for event processing: Exit to quit the MIDlet,
and View to download and view the image.

Figure 13. URL textbox

bt Sy corej2me comdibmsligh
thouse .png‘

Screenshot - start download #1

After the user has opted to begin the download, | display an alert showing that the
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download has begun. The name of the image is included in the alert message. As
you'll see momentarily, displaying the name of the image is important, as you will
attempt to create several separate threads, each downloading a different image.
Without the image name displayed, it would get rather messy trying to determine
which message applies to which download request.

Figure 14. Starting download #1 alert

Dovvnloading - lighthouse phg

Screenshot - downloading #1

After the alert has been displayed indicating the download has begun, the user is
returned to the main interface. As shown in Figure 15, the download works in a
separate thread, assuring the user the interface is still responsive, and allowing you
to change the textbox to point to a new URL.

Figure 15. Edit the textbox URL
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bt ey .cnrej?me.c:nmﬁhm.{

If you type quickly, you can enter a new URL before the first download completes.
See Figure 16.

Figure 16. URL to car image

hitp: Sy corej2me . comibmicar

.png‘

Select View to start another thread, initiating the download of a second image.
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Screenshot - start download #2

At this point there are two threads running -- one for each of the downloads you
have started. Figure 17 shows the alert message indicating that the second
download is in process.

Figure 17. Starting download #2 alert

Dovvnloading - car phg

Once again, after initiating the download you are returned to the main user interface.
Here, you can patiently wait for the downloads to finish, or enter the address of an
additional URL. Figure 18 shows the textbox component and an updated URL to a
third image.

Figure 18. Main user interface
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hitp: Sy Ccorej2me . comibmin
nd.png‘

Screenshot - download #1 complete

When the first download completes, you inform the user, as shown in Figure 19,
through a message in an alert.
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It should now be apparent why you display the file name inside the alert. Without the
file name, and with multiple downloads in progress, you would quickly lose track of
which messages apply to which download. Once the message is acknowledged, you
display the image on the device. See Figure 20.

Figure 20. Download #1 image
Funntl

Screenshot - download #2 complete

As before, when the download of the second request is complete, a message is
displayed as shown in Figure 21.

Figure 21. Download #2 complete
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Diovvnload Successful - car phg

Click View to see the output of the second download request.

Figure 22. Download #2 image

F il A
Golf Score Calculator

Hole #1 Score: IE

Total:

F anll 123
Golf Score Calculator

Hole #6 Score: D

Total:

Menu

You can now see the benefit of working with multiple threads. Not nIy is the user
interface responsive during network activity, you can take advantage of this time to
begin downloading additional images.
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With an understanding of the workings of the MIDlet, let's write the Java code, and

compile and run the program within the Wireless Toolkit.

Create a new project in the WTK with the name Viewlmage. Copy and paste the

Java source code below into a text editor and save it in the WTK
\apps\Viewlmage\src directory with the file name Viewlmage.java.

Vi e mage. j ava

*

*

* Downl oad and view png files. Downloading is

* done in the background with a separate thread
*

_________________________________________________ */
i mport javax.mcroedition.mdlet.*;

i mport javax.m croedition.lcdui.?*;

i mport javax.mcroedition.io.*;

import java.io.*;

[ ® o o e o e e e e e e e e e e e e e e e e e e e meme—ao o
* Construct or

K o o o o o e e e e e e e e e e e e e e e e e e e e e e = - */

public class Viewl mage extends M D et inplenments ConmandLi st ener

Mai n di spl ay obj ect

private Display display;
Text box to pronpt for URL

/
private TextBox tbMin; /
private Alert al Status; /
private Form fnVi ewl ny; /
private Comrand cmEXit; /1 Command to exit
private Comand cnVi ew, /

private Comrand cnBack; /

private String i mageNanme = nu

Image im= null; /| Downl oaded i mage
private static final int ALERT_D SPLAY_TI ME = 3000;

/

/

/

; Formto di splay inmages
/

I/ Return to mai n screen

public View mage()
{
di splay = Display.getDisplay(this);

/] Create the Main textbox with a maxi rum of 75 characters

tbMain = new Text Box("Enter url",
"http://ww. corej2me. com i bni | i ght house. png"”,
Text Fi el d. ANY) ;

// Create conmands and add to textbox

cnExit = new Command("Exit", Command. EXIT, 1);
cnVi ew = new Command(" Vi ew', Comrand. SCREEN, 2);
t bMai n. addConmmand( cnExi t) ;

t bMai n. addConmand( cnVi ew ) ;

/1 Set up a listener for textbox
t bMai n. set CommandLi st ener (t hi s);

/| Create the formthat will hold the png inmage
fnViewm ng = new Form("");

/1l Create commands and add to form
cnmBack = new Command("Back", Command. BACK, 1);
f nVi ewl ng. addConmand( cnBack) ;

/1 Set up a listener for form
f Vi ewl ng. set ConmandLi st ener (this);

Threads and networking in J22ME
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}
public void startApp()

/1 Display the textbox that pronpts for URL
di spl ay. set Current (t bMai n) ;

public void pauseApp()
{1}
public void destroyApp(bool ean unconditi onal)

2
* Process events
*

public void commandActi on( Conmand c, Displ ayabl e s)

/1 1f the Command button pressed was "Exit"
if (c == cnExit)

dest royApp(fal se);
noti f yDestroyed();

else if (c == cnView

/1 Save the nane of the inage to downl oad so we can

/1 display it in the alert (dialog box).

/1 This wll be the entry after the last '/' in the url
i mgeName =

tbMain. get String().substring(tbMain.getString().lastlndexCi('/")
+ 1);

/1 Show alert indicating we are starting a downl oad.

/1 This alert is NOT nodal, it appears for

/| approximately 3 seconds (see ALERT_DI SPLAY_TI MVE)

showAl ert ("Downl oading - " + imageNane, false, tbMin);

/] Create an instance of the class that wll
/1 download the file in a separate thread
Downl oad dl = new Downl oad(tbMain.getString(), this, inageNane);

[/l Start the thread/ downl oad
dl .start();

else if (c == cnBack)

di spl ay. set Current (t bMai n) ;

Called by the thread after attenpting to downl oad
an image. If the parameter is 'true' the downl oad
was successful, and the inage is shown on a form
If paraneter is 'false' the downl oad failed, and
the user is returned to the textbox.

*

*

*

*

*

*

* In either case, show an alert indicating the

* the result of the downl oad.

K o o o e e e e e e e e e e e e e e e e e e e e e e e e e m e m = */
public void show nmage(bool ean flag, String i mageNane)
{

/1 Downl oad failed
if (flag == fal se)

{
/1 Alert followed by the main textbox
showAl ert (" Downl oad Fail ure", true, tbMain);
Threads and networking in J22ME Trademarks
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el se // Successful downl oad. ..

*

Imageltemii = new Imageltem(null, im |mageltem LAYOUT CENTER,
nul I');

/1 If there is already an i nmage, set (replace) it
if (fnView ng.size() !'= 0)

fnmVi eM ng. set (0, ii);
else // Append the inmage to the enpty form

f Vi eM ng. append(ii);

/1 Alert followed by the form hol ding the inage

showAl ert (" Downl oad Successful - + i mageNane, true, fnView ng);

* Show an alert with the paranmeters deternining
* the type (nodal or not) and the displayable to

* show after the alert is dismssed
*

public void showAl ert(String nsg, bool ean nobdal, Displ ayable

di spl ayabl e)

// Create alert, add text, associate a sound

al Status = new Alert("Status", msg, null, Al ertType.|NFO;

/1 Set the alert type

f (rodal)
al St at us. set Ti meout (Al ert. FOREVER) ;

el se

/

al St at us. set Ti meout ( ALERT_DI SPLAY_TI ME) ;

/ Show the alert, followed by the displayable

di spl ay. set Current (al Status, displayable);

| ¥ o e o o o e e e e e e e e e meeeao.
* Class - Downl oad
*

* Downl oad an inmage file in a separate thread
*

cl ass Downl oad i npl ements Runnabl e

private String url;

private View nage M Dl et;

private String i mageName = nul | ;

private bool ean downl oadSuccess = fal se;

public Downl oad(String url, Viewlnage MD et, String inmageNane)
{

/

— -+ —+

*

o gl pen
nuonon

is.url =
is.MDl e
is.i e

public void run()

{

t

ry

get | mage(url);

catch (Exception e)

{
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Systemerr.println("Mg: " + e.toString());

| ¥ o e o o o o e e e e e e e e mmeeooo.
* Create and start the new thread

public void start()

Thread thread = new Thread(this);
try

thread. start();
}
catch (Exception e)
{

}
}

| ¥ o e e o e e e e e e e e e e e e e eeeeao -
* QOpen connection and downl oad png into a byte array.
o */

private void getlnmage(String url) throws | OException

Cont ent Connecti on connecti on = ( Cont ent Connecti on)
Connect or . open(url);

Dat al nput Stream i St rm = connecti on. openDat al nput Strean() ;

Byt eArrayCQut put Stream bStrm = nul | ;

Image im= null;

try
{
/1 Cont ent Connection includes a | ength nethod
byte i mageData[];
int length = (int) connection. getLength();
if (length 1= -1)

i mgeData = new byte[l ength];

/!l Read the png into an array
i StrmreadFul | y(i mageDat a) ;

}
else // Length not available...
bStrm = new Byt eArrayQut put St ream();

int ch;
while ((ch = iStrmread()) !'=-1)
bStrmwite(ch);

i mgeData = bStrmtoByteArray();

/] Create the inage fromthe byte array
im= | nage. creat el mage(i nageData, 0, inageData.l ength);

}
finally

/1 dean up

if (connection != null)
connection. cl ose();

if (iStrm!= null)
i Strm cl ose();

if (bStrm!= null)
bStrm cl ose();

}
/1 Return to the caller the status of the downl oad
if (im==null)
Threads and networking in J22ME Trademarks
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M Dl et . showl mage(fal se, null);
el se

MDet.im=im

M Dl et. showl mage(true, inmageNane);

}
}
}

To understand what's taking place in this MIDlet, I'll revisit the code step by step in
the upcoming panels.

Compile, preverify, and run

Within the WTK:

1. Select Build to compile, preverify, and package the Viewimage MIDIet.
2.  Start the emulator by selecting Run in the WTK.

3. From within the emulator, select Launch to start the MIDlet. See Figure
23.

Figure 23. Launch

Tlllll
Select one to launch:

Launch

The main user interface is shown in Figure 24, which includes the textbox that
prompts for the URL of the desired image to be downloaded.
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Figure 24. MIDlet

hitp: Sy corej2me . cormibmligh
thouze .png‘

Code review: MIDlet constructor
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| begin the code review with the MIDlet constructor. The TextBox component is
initialized to a default URL, and | then specify a maximum of 75 input characters,
and allow any type of character to be input (TextField.ANY). This MIDlet has two
commands for the processing of events: cmExit to exit the application and cmView
to start the download of an image. Both commands are created and appended to the
textbox component. The final step associated with the textbox is to initialize a

listener to listen for events.

public View mage()
{
di splay = Display. getD splay(this);
I
tbMain = new Text Box("Enter url",

“http://ww. corej2ne. con i bni | i ght house. png",

Text Fi el d. ANY) ;

/'l Create conmmands and add to textbox

cnExit = new Command("Exit", Command. EXIT, 1);
cnVi ew = new Command(" Vi ew', Comrand. SCREEN, 2);
t bMai n. addCommand( cnExi t) ;

t bMai n. addConmand( cnVi ew ) ;

/1 Set up a listener for textbox
t bMai n. set CommandLi st ener (this);.

/] Create the formthat will hold the png image
fmviewm ng = new Form("");
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/1l Create commands and add to form
cnmBack = new Command("Back", Command. BACK, 1);
f nVi ewl ng. addConmand( cnBack) ;

/1 Set up a listener for form
f Vi ewl ng. set ConmandLi st ener (this);

Also within the constructor is the code for allocating a Form, which displays the
downloaded image. When the form is displayed, you need a way to return to the
main user interface (the textbox). | accomplish this with an additional command,
cmBack. To wrap up this code block, the command cmBack is added to the form
and a listener is created to manage events on the form.

Code review: event processing

There are three events you are concerned with capturing. The first is a request to
exit the MIDlet. The code for processing this option is the same as always: Call
destroyApp() to clean up any resources used (none in this case), and notify the
Application Management Software that the MIDlet can be safely shutdown.

The second option is for the user to choose the cmView command to download an
image. You begin by extracting the name of the image file from the URL, saving the
string into the variable imageName. With the file name in hand, you call the
showAlert() method to notify the user that you are beginning the download,
indicating the specific file you are after. The final steps are to create an instance of
the class that manages the thread and to begin the download by starting the thread.

public void commandActi on(Conmand c, Displ ayabl e s)

/1 If the Command button pressed was "Exit"
if (c == cnExit)
{

dest royApp(fal se);

not i f yDestroyed();

else if (c == cnView

/1 Save the nane of the inage to downl oad so we can

/1 display it in the alert (dialog box).

/1 This wll be the entry after the last '/' in the url

mageNane =

bMai n. get String().substring(tbMin.getString().!lastlndexOi('/")

i
t
+ 1

/1 Show al ert indicating we are starting a downl oad.

/1 This alert is NOT nodal, it appears for

/| approximately 3 seconds (see ALERT_DI SPLAY_TI ME)
showAl ert ("Downl oading - " + inmageNane, false, tbMin);

/] Create an instance of the class that wll
/1 downl oad the file in a separate thread
Downl oad dl = new Downl oad(tbMain.getString(), this, inageNane);

// Start the thread/ downl oad
dl .start();
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else if (c == cnBack)

di spl ay. set Current (tbMin);

The last command you capture is cmBack, which is displayed on the form that
shows the downloaded image. This command returns you to the main user interface,
or the textbox where an image URL is specified.

Code review: alert overview

If you recall, there are alerts displayed at two different points in this MIDlet. Once
when you begin downloading and again when the download is complete. The code
for managing both alerts appears in one method, showAlert(). Depending on the
parameters sent to the method, you can display either a modal alert (requiring user
acknowledgement) or a non-modal (timed) alert.

When starting a download, | display a non-modal alert for three seconds. See Figure
24.

Figure 24. Non-modal alert

Dovvhloading - lighthouse png

After the download is complete, | show a modal alert, requiring the user to
acknowledge the dialog.
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Figure 25. Modal alert

Dovynload Successiul -

Note:You can identify the difference between the modal and non-modal alert if you
look closely at the figures. A modal alert requires user acknowledgement, therefore
the alert has a command associated with it; in this case a command titled Done is
shown. A non-modal alert has no command because it appears on the display for a
predetermined number of seconds, leaving the user with no means to dismiss the
dialog.

The following panel discusses the code inside the showAl ert () method.

Code review: showAlert() method

The showAl ert () method accepts three parameters, the first being the message
to display. The second parameter is a boolean indicating whether the alert is to be
modal or non-modal.

public void showAl ert(String nsg, bool ean nobdal, Displ ayable
di spl ayabl e)

// Create alert, add text, associate a sound
al Status = new Alert("Status", msg, null, AlertType.|NFO;

/] Set the alert type
i f (nodal)
al St at us. set Ti meout (Al ert. FOREVER) ;
el se
al St at us. set Ti meout ( ALERT_DI SPLAY_TI ME) ;
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/1 Show the alert, followed by the displayable
di spl ay. set Current (al Status, displayable);

The last parameter to this method is vital to the flow of the MIDlet. di spl ayabl e
represents which displayable object is shown, after the alert is dismissed.

For example, when this method is called after initiation of a download, | display a
message indicating that the download has begun, which is followed by a return to
the main user interface. In this case, the textbox component is the displayable sent
into this method. The second instance is when | call this method after a download is
complete. This method displays a message indicating success or failure of the
download, followed by the form that holds the image. For this scenario, the form is
the displayable sent into this method.

Code review: download class

The Downl oad class houses the code for the thread. Below is the basic shell of the
class, with comments embedded to indicate the flow.

cl ass Downl oad i npl ements Runnabl e

private String url;

private View nage M Dl et;

private String i mageNane = nul | ;

private bool ean downl oadSuccess = fal se;

| ¥ o e o o o o e e e e e e e mmeeooo.
* Construct or

K o o o o o e e e e e e e e e e e e e e e e e e e = - */

public Downl oad(String url, Viewlnage MD et, String i mageNane)

/] Initialize the class

| ¥ o o o o e e o e e e e e e e e e mmemee oo
* Downl oad t he inage

public void run()

/1 Where the thread code resides.
/1l Here is where we call getlnage();

}

| ® o o e e e e e e e
* Create and start the new t hread

public void start()
/] Create and start a new thread, which results
/1 in a call to the run() nethod

o e e ek eeiiiiceaaio.

private void getlnmage(String url) throws | OException
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/1 Downl oad the inmage

}

I'll cover each method in more detail in the following panels. However, you can get a
pretty good idea of the flow. Once this class is created, | call st art () to create a
new thread. Inside this same method | request the thread to begin processing, which
results in a call to run() . Inside the r un() method is where | request the image be
downloaded by jumping to the get | mage() method.

As explained earlier, there is not a way to stop a thread in J2ME. Instead, once the
run() method is exited, the thread is essentially complete. For this example, what it
really means is that once the method called by r un() , namely get | mage(), is
finished processing, the thread is no longer active. In other words, even though | exit
the run() method, the code continues to execute (in the background) until the

get | mage() method is finished.

Code review: starting thread

Taking a closer look inside the Download class, you see just how easy it is to create
and start a thread.

public void start()
{

Thread thread = new Thread(this);
try

thread. start();
}
catch (Exception e)
{
}
}

The call to Thread. start () is the request to begin processing. The thread begins
execution inside the r un() method, shown in the next panel.

Code review: running thread

The code inside the r un() method is exceptionally short in this case. It's nothing
more than a call to get | mage( ) , where a network connection is established and the
requested image is downloaded.

publ i c{ voi d run()

try

get | mage(url);
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catch (Exception e)
Systemerr.println("Msg: " + e.toString());

Notice the thread is not stopped anywhere in the code. Leaving the run() method is
sufficient to accomplish this same task. When get | mage() is complete, the thread
Is finished as well.

Code review: downloading image

In get | mage( ), you establish the network connection, download the requested
image, build an image from the downloaded data, and call showl mage() to
complete the process.

After the connection is established, you call connection.getLength() to determine
whether the remote server sent the length of the image as part of the return data. If
S0, you can read the image in one fell swoop using iStrm.readFully(). If the length is
not available, you have to read data from the input stream one character at a time. In
either case, the end result is the same, with the image data stored in the imageData
byte array.

private void getlnmage(String url) throws | OException

Cont ent Connecti on connecti on = (Cont ent Connecti on)
Connect or . open(url);

Dat al nput Stream i St rm = connecti on. openDat al nput Streant() ;
Byt eArrayCQut put Stream bStrm = nul | ;

Image im= null;

try
{

/1 Cont ent Connection includes a | ength nethod
byte i mageData[];
int length = (int) connection. getlLength();
if (length !'= -1)
{
i mmgeData = new byte[l ength];

/! Read the png into an array
i StrmreadFul | y(i mageDat a) ;

else // Length not available...
bStrm = new Byt eArrayQut put St reamn();
int ch;
while ((ch = iStrmread()) !'=-1)
bStrmwite(ch);
i mageData = bStrmtoByteArray();

/] Create the inage fromthe byte array
im= | mage. creat el mage(i nageData, 0, inmageData.l ength);
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finally

/1 Cean up

if (connection !'= null)
connection. cl ose();

if (iStrm!= null)
i Strm cl ose();

if (bStrm!= null)
bStrm cl ose();

}
/! Return to the caller the status of the downl oad
if (im==null)
M Dl et. showl nage(fal se, null);
el se

MDet.im=im
M Dl et. showl mage(true, imageNane);
}
}

ibm.com/developerWorks

After the image data is downloaded, you create an Image based on the data
retrieved. Before you exit, you close any open connections and call showl nage()

to complete the download process.

Code review: show image

The last steps for completing the code are to display an alert dialog indicating the
failure or success of the download and to display the image on the device.

The code inside showl mage() begins by determining whether the download was
successful, based on the flag parameter passed from the get | mage() method. If

f 1 ag is false, you display the alert indicating download failure. Take note of the
three parameters passed to showAl ert ("Downl oad Fai |l ure”, true, t bMai n).
The first is the message to display. Next, you pass in t r ue indicating this is a modal
dialog box. Finally, t bMai n is the displayable that is shown when the alert is

acknowledged. t bMai n is the textbox on the main user interface.

public void show nage(bool ean flag, String i mageNane)

// Downl oad failed
if (flag == fal se)

-~

/1 Alert followed by the nmain textbox
showAl ert (" Downl oad Failure", true, tbMin);

el se // Successful downl oad. ..

Imageltemii = new I mageltem(null, im |mageltem LAYOUT CENTER,

nul I');

/1 1f there is already an i mage, set (replace) it
if (fnView ng.size() !'= 0)

fmvieM ng. set (0, ii);
else // Append the image to the enpty form

f Vi el ng. append(ii);
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/1 Alert followed by the form hol di ng the inmage
showAl ert (" Downl oad Successful - " + i mageNane, true, fnView ng);

}
}

In the case of a successful download, you create an | magel t emobject that includes
the image to display and the preferred layout location (centered on the device). The
null parameters specify no label for the image and no alternative text, respectively.

You then check to see if the form that displays the image is of a size not equal to O

(zero). When greater than 0, you set the i magei t emequal to the first entry on the

form, effectively replacing any previous image. If there is no image on the form, you
append the i magei t emonto the form.

The final step is to display the alert indicating success. Once again, notice the
parameters to the showAl ert method. You pass in the message to display, t r ue to
request a modal dialog, and the last parameter is the displayable object to show
after the alert is dismissed, which is the form you created that holds the downloaded
image.

Multithreaded MIDlet summary

In this section you have written a multithreaded MIDlet that downloads images over
a network connection. You began by showing screenshots and walking through the
application. This was followed by writing the Java code to create the MIDlet. Once
the project was up and running, you worked your way through each aspect of the
code, focusing on the details for creating multithreaded applications in J2ME.

Section 5. Summary

This tutorial has given you a broad coverage of working with MIDlets that
communicate over a network connection. The intention was to focus on the
importance of using threads and writing code to demonstrate how to do so.

You started the tutorial by writing a non-threaded MIDIlet that would retrieve quotes
from a remote server. The reason for developing this application was to show the
problems associated with network access from a MIDlet that did not use a separate
thread for communication. | demonstrated how the user interface blocked while
waiting for a network connection to complete.

In the second section of this tutorial, | introduced threading. This included a
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discussion of the two threading techniques available in the Java language: creating
a class that subclasses Thr ead, and implementing the Runnabl e interface. In this
section, you also studied how J2ME threads differ from those available within J2SE.

The final section was dedicated to creating a multithreaded MIDlet. As in the
previous section, | began with a series of screenshots to demonstrate the MIDlet you
were about to write. This included showing how the multithreaded MIDlet could
download more than one image at a time. | wrote the code to make it happen, and
concluded with a comprehensive discussion of each aspect of the program.

Hopefully, you now have a good appreciation of why writing multithreaded
applications is so important. You also have a starting point for building more
comprehensive MIDlets that can use threading to increase the useability of your
applications.
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Resources

Learn
» This site provides information on the Java Development Kit 1.4.2
+ Additional articles and resources can be found at Core J2ME.

* You can read about J2ME networking basics in this developerWorks article,
"Networking with J2ME." (developerWorks, September 2002)

» Learn the specifics of working with the Generic Connection Framework in this
developerWorks article (developerWorks, January 2004).

* "MIDlet development with the Wireless Toolkit" (developerWorks, March 2003)
guides you through the basic steps for MIDlet development with J2ME.

* If you are new to threading in the Java language, check out Essential Java
Classes, a good introduction to threading.

» The WebSphere® Everyplace Micro Environment provides an end-to-end
solution connecting cellular phones, PDAs, and other pervasive devices to
e-business.

» The alphaWorks Web Services Toolkit for Mobile Devices provides tools and a
run time environment for developing applications that use Web services on
small mobile devices, gateway devices, and intelligent controllers.

Get products and technologies

* Download the J2ME Wireless Toolkit for use with this article.
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