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The J2ME platformis designed for devices with limited memory, display, and
processing power including cellular phones, PDAS, and pagers. Core J2ME
Technology & MIDP covers everything you need to develop powerful applications for
this rapidly expanding wireless market.

Part | starts with an overview of J2ME, configurations, and profiles, before explaining
in detail the Connected Limited Device Configuration (CLDC) and the Mobile
Information Device Profile (MIDP). Muchow then walks you through creating a
complete development environment-from downloading J2M E to troubleshooting.

Part Il details programming with MIDP, including exhaustive coverage of the MIDP
programming interface, high-level and low-level user interface components,
networking support, and persistent storage.
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Dedication

This book is dedicated, from the heart, to my Mom and Dad

Preface

It is estimated that in Japan aone over 20 million Java 2 Micro Edition (J2ME) enabled mobile
phones were manufactured in 2001. The opportunity for those interested in writing for the 2ME
platform speaks for itself. With its support for a broad range of devices and portability across
platforms, acceptance among manufacturers and service providers has been astounding.

The focus of this book is on application development using the Mobile Information Device Profile
(MIDP) and Connected, Limited Device Configuration (CLDC). Together, these application
programming interfaces (API's) form a complete 2ME development toolkit for wireless devices
including: mobile phones, pagers and personal organizers.

Who Is This Book For

Asadeveloper at heart, | have often sought a book that covered "all | need to know" to get started
with atechnology that was of interest. Instead | found myself putting together pieces and parts based
on information from various websites, newsgroups, how-to articles, and the like. There was never one
definitive guide covering everything: where to find the software, how to install and configure my
computer, and learning to write applications from the ground up. Most important of all, there always
seemed to be gap between what information | could find and what appeared to be available as part of
the specification describing the technol ogy.

| hope this book is as close to one-stop shopping as you will find for learning and devel oping
applications for 2ME and the Mobile Information Device Profile. It haswhat | feel are the essentials
to get up and running, everything from downloading and installing the software to writing applications
from simple to comprehensive. The entire programming interface is covered in alogica step-by-step
manner, leaving no stone unturned. It also includes a quick reference guide for both MIDP and CLDC.
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Although this book takes a step-by-step approach to teaching application development with MIDP, the
assumption is made that the reader will have experience as a software developer. Further, as 2ME isa
subset of Java 2 Standard Edition, a background in Java programming is essential to make the most of
this book.

Focus of this Book

With many years of experience as a developer, and an extensive background in technical training, I've
discovered that most people (myself included) learn best by example. With that in mind, this book
provides an abundance of source code, with the intention of presenting solutions to real-world
programming issues. With over 70 examples, you'll have an excellent base of code to build upon:

Creating a"clipboard" to share data among components

Using streams to read and write persistent storage

Searching and sorting records in persistent storage

Low-level event handling

Primitive drawing operations (arcs, rectangles, text, etc.)

Creating ssimple animations

Scheduling timers

Creating a client request and interpreting a server response using HTTP
How and when to use HTTP request methods GET and POST
Managing sessions with a Java Servlet through cookies and URL-rewriting
Using athread to download network data in the background

Download and view files and images

Many additional examples. . .

Contents

This book is divided into three sections:

Part I: Introduction to J2ME, CLDC, and MIDP

We begin with an overview of Java 2 Micro Edition. This includes information about the architecture
of J2ME and how configurations and profiles make it possible for this micro version of Javato
support devices with an exceptionally wide range of capabilities. Also included are step-by-step
instructions for installing the required software and configuring your computer to develop J2ME
applications (MIDlets).

Part Il: Programming with MIDP

Here you will find the bulk of information about programming with the MID Profile. Presented in a
tutorial fashion, we cover each aspect of the application programming interface. For each topic thereis



abrief introduction, information about the API, followed by one or more examples to bring home the
concepts presented. Following is alist of the main topics:

Basics of MIDlets and the Display

Event Handling

High-level User Interface

Low-level User Interface

Case Study: Building a Display Manager

Persistent Storage with the Record Management System

Case Study: Todo-List MIDlet

Scheduling Timers and Tasks

Network Communication with the Generic Connection Framework
MIDP for the Palm OS

The case studies tie together concepts presented throughout the book. The first builds asimple, yet
very useful class to facilitate managing objects displayed on a mobile device. Y ou'll learn why such a
classis needed, how to design and create the class, and will see the class used within aMIDlet that
demonstrates how to animate a series of images.

The second case-study builds a todo-list application. At nearly 900 lines of code this comprehensive
example covers many aspects of MIDlet development from interface and data design to the internal
application logic. This application also makes extensive use of the persistent storage mechanism
provided in MIDP.

Part Ill: Appendices

There are three appendices:

Over the Air User Initiated Provisioning Recommended Practice This addendum to the MID
Profile covers the recommended procedure for deploying MIDlets
CLDC Quick Reference

Connected, Limited Device Configuration API divided into the following sections: java.io,
javalang, java.util, javax.microedition.io

MIDP Quick Reference

Mobile Information Device Profile API

Conventions Used in This Book

The fields and methods for each API are listed in tables as shown:

Table P-1. Form Class: javax.microedition.lcdui.Form

|

Method | Description

Constructors

Form (String title) |Create aform and add Item(s) in the array

M ethods




lint append(Image img) \Append an Image to aform

"

To clarify the hierarchy of classes within MIDP, occasionally I'll show alist of classes along with the
declaration of each class. For example:

Display (public class Display)
Displayable (public abstract class Displayable)
Screen (public abstract class Screen extends Displayable)
TextBox (public class TextBox extends Screen)
List (public class List extends Screen implements Choice)

Thecourier font will be used when referencing Java source code. For consistency throughout the
code examples, | have chosen to name al MIDP objects starting with atwo letters acronym, followed
by a descriptive name for the use of the field/variable. For example, a TextBox soliciting input for a
phone number may have the name tbPhoneNumber. Whenever possible | have followied the Java
convention of using the first two letters of a series of words (such asin tb for the word TextBox).
For those objects that consist of one word (e.g., Form) | have chosen atwo letter acronym that seems
most logical and easy to associate with the object (e.g., fm for Form).

Whenever you encounter one of the acronyms listed in the following table you will know the
field/ivariable is associated with an MIDP object.

Table . MIDP Naming conventions

| MIDP Object | Acronym
Alert B
AlertType at
Canvas cv
Command cm
ChoiceGroup cg
DateField df
[Font ft
Form fm
Gauge ga
Graphics ar
Image im
Imageltem i
List Is
RecordStore rs
Stringltem s
TestBox th
TextField tf
Ticker tk
Timer tm
TimerTask tt

Xi




Mobile Information Device Emulators

Sun Microsystems provides two reference implementations of MIDP. These software packages are
available for developers to use as atesting ground, and also provide device manufacturers with a
model, or starting point, for creating an implementation of MIDP for a device(s).

The implementations available from Sun are:
e MIDP and CLDC as standalone packages
Applications are compiled and run from the command line
e J2ME Wireless Toolkit
Applications are compiled and run within a minimal development environment

The actual ook and fedl of MIDP components may vary across implementations and/or devices. This
has to do with the fact MIDP does not spell out how components are to look, rather, it specifies the
functionality they must provide.

For instance, the figure below shows the same application running on three different emulators.
Although each looks different, the functionality remains consistent.

Funll
Preferences

Oauta Indent

Throughout the book, all application screen-shots were created with one of the two Sun Microsystems
reference implementations. If you download and install an implementation of MIDP from a device
manufacturer, or athird-party source, examples may look different than shown in the book, however,
the functionality should be equivalent.

CoreJ2ME.com Website

Thereis a companion website for this book: www.CoreJ2M E.com. Here you will find the latest source
code for the examples in this book, important notes about changes to the MIDP and/or CLDC
specification and how this effects the examples (if at al), how-to articles, links to the software,
information about 2ME and MIDP training, and a developer resources section that includes links to
toals, fags, discussion areas, newsgroups and mailing lists, aswell as other 2ME related websites.
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Chapter 1. THE BASICS Of J2ME
Topicsin this Chapter

Java Editions
Why 2ME?

Configurations
Profiles

Java Virtual Machines

Big Picture View of the Architecture
Compatibility between Java Editions
Putting all the Pieces Together

It al started with one version of Java—now known as Java 2 Standard Edition (J2SE)—and the
tagline "Write Once, Run Anywhere ™." The idea was to develop alanguage in which you would
write your code once, and then it would run on any platform supporting a Java Virtual Machine.

Sinceits launch in 1995, the landscape has changed significantly. Java has extended its reach far
beyond desktop machines. Two years after the introduction of Java, a new edition was released, Java 2
Enterprise Edition, providing support for large-scale, enterprise-wide applications. The most recent
addition to the family is the Micro Edition, targeting "information appliances," ranging from Internet-
enabled TV set-top boxes to cellular phones.

Java Editions
Let's begin with aquick summary of the Java platforms currently available:
e Standard Edition (J2SE): Designed to run on desktop and workstations computers.
e Enterprise Edition (J2EE): With built-in support for Servlets, JSP, and XML, this editionis
aimed at server-based applications.
e Micro Edition (2ME): Designed for devices with limited memory, display and processing
power.

Note

release of Java 1.2. This new naming convention applies to all editions of Java,

p In December of 1998, Qun introduced the name "Java 2" (J2) to coincide with the
Sandard Edition (J2SE), Enterprise Edition (J2EE), and Micro Edition (J2ME).

Figure 1-1 shows various Java editions.

Figure 1-1. The various Java editions
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Why J2ME?

J2ME is aimed squarely at consumer devices with limited horsepower. Many such devices (e.g., a
mobile phone or pager) have no option to download and install software beyond what was configured
during the manufacturing process. With the introduction of J2ME, "micro" devices no longer need to
be"static” in nature. Not unlike aweb browser downloading Java applets, an implementation of J2ME
on adevice affords the option to browse, download and install Java applications and content.

Small consumer electronics have away of changing our lives. Mobile phones let us communicate
when away from our home or office. Personal digital assistants (PDAS) let us access email, browse the
internet and run applications of all shapes and forms. With the introduction of Javafor such devices,
we now have access to the features inherent to the Java language and platform. That is, a
programming language that is easy to master, a runtime environment that provides a secure and
portable platform and access to dynamic content, not to mention an estimated developer community of
over 2 million people.

Although it would be nice to have the entire J2SE Application Programming Interface (API) available
on amicro device, it's not realistic. For example, a mobile phone with its limited display cannot
provide al the functionality available in the Abstract Window Toolkit, the first graphical user
interface released with Java. The "Micro Edition” was introduced to address the specia needs of
consumer devices that are outside the scope of J2SE and J2EE.

The capabilities of devices within the "Micro Edition” may vary greatly. An Internet Screenphone (a
hardware device designed to provide access to email, news, online banking, etc.) may have a much
larger display than a pager. However, even devices that seem similar in size may vary greatly in their
capabilities. A cell phone and PDA are both limited in physical size, yet atypical cell phone may have
adisplay with atotal resolution of 12,288 pixels (96 x 128), whereas a PDA resolution may start at
20,000 pixels and go up from there.



One Java platform will most definitely not fit all. To better understand how J2ME will accommodate a
broad range of consumer electronics and embedded devices, we need to introduce two new concepts,
configurations and profiles.

Configurations

To support the broad range of products that fit within the scope of J2ME, Sun introduced the
Configuration.

A Configuration defines a Java platform for a broad range of devices. A Configuration is closely tied
to aJavaVirtual Machine (JVM). In fact, a Configuration defines the Java language features and the
core Javalibraries of the VM for that particular Configuration.

The dividing line as to what a Configuration applies is for the most part based on the memory, display,
network connectivity (or limitations of) and processing power available on adevice.

The Sun 2ME FAQ states the following: "The J2ME technology has two design centers—things that
you hold in your hand and things you plug into awall.” This may be a good genera definition, but
that's exactly what it is, general. Don't let this be your sole guide in deciding which Configuration

applies.

Following are typical characteristics of devices within the two currently defined Configurations:

Connected Device Configuration (CDC)

e 512 kilobytes (minimum) memory for running Java
e 256 kilobytes (minimum) for runtime memory allocation
e Network connectivity, possibly persistent and high bandwidth

Connected, Limited Device Configuration (CLDC)

128 kilobytes memory for running Java

32 kilobytes memory for runtime memory allocation

Restricted user interface

Low power, typically battery powered

Network connectivity, typically wireless, with low bandwidth and intermittent access

Although this division seems pretty clear, this won't always be the case. Technology is continually
advancing. Remember your first computer? What was "state-of -the-art" in 1985 (when | purchased my
first personal computer) palesin comparison to what is available today.

The point is, as technology offers us more processing power, with increased memory and screen
capabilities, the overlap between these categories will become larger. Thisis anice segue to our next
discussion, Profiles.

Profiles



It'sall well and good that devices will fall within one Configuration or the other. For example, a
typical cellular phone, PDA and pager will al fit the guidelines of the CLDC. However, what seems
limiting to one device in a Configuration may be an abundance to another. Recall the analogy of the
cellular phone screen size versus that of a PDA.

To address this broad range of capabilities, and to provide for more flexibility as technology changes,
Sun introduced the concept of a Profile to the 2ME platform.

A Profileisan extension, if you will, to a Configuration. It provides the libraries for a devel oper to
write applications for a particular type of device. For example, the Mobile Information Device Profile
(MIDP) defines APIsfor user interface components, input and event handling, persistent storage,
networking and timers, taking into consideration the screen and memory limitations of mobile devices.

Beginning in Chapter 3, the remainder of this book will focus on MIDP specifically. Thiswill include
everything from the hardware and software requirements to complete coverage of all the APIs.

How are Configurations and Profiles Developed?

Excerpt from 2ME FAQ (http://java.sun.com/j2me/fag.html): Configurations and Profiles
are defined by open industry working groups utilizing Sun's Java Community Process
Program. In this way industries can decide for themselves what elements are necessary to
provide a complete solution targeted at their industry. For more information on the Sun
Community Process Program, see: http://jcp.org

Java Virtual Machines
Asyou well know, the engine behind any Java application (or applet, serviet, etc.) isthe VM.

Once you've compiled your Java source code into a class file(s), and optionally included themin a
Java Archive (JAR) file, the VM trandates the class files (more accurately, the byte code in the class
files) into machine code for the platform running the VM. The VM is aso responsible for providing
security, allocating and freeing memory and managing threads of execution. It's what makes your Java
programs go, so to speak.

For CDC, the virtual machine has the same specification as J2SE. For CLDC, Sun has devel oped what
isreferred to as areference implementation of a virtual machine, known as the K Virtual Machine, or
simply KVM. Thisvirtual machine was designed to handle the special considerations of resource-
constrained devices. It's clear the KVM is hot the "traditional” Java virtua machine:

e Thevirtual machineitself requires only 40 and 80 kilobytes of memory
e Only 2040 kilobytes of dynamic memory (heap) are required
e Canrun on 16-bit processors clocked at only 25 MHz

The KVM is Sun'simplementation of a JVM that fits the guidelines of the CLDC. It is not necessarily
the only JVM that is or will be available.
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How are the KVM and CLDC Related?

From Sun's documentation: "CLDC is the specification for a 'class' of Java virtual machines
that can run on the categories of devicestargeted by CLDC and support the profiles."
Essentially, the CLDC outlines requirements that must be met by the virtual machine. The
KVM iswhat is known as a reference implementation—it is a virtual machine that meets
the CLDC requirements.

Big Picture View of the Architecture

We've covered an assortment of information about 2ME. Let's put all this together into two separate
scenarios. Thefirst isa"generic" software architecture, if you will, of 2ME. The second isthe

architecture asit will apply to our interests as we progress through the book.

Generic Architecture

It begins with the host Operating System (OS) as the base (see Figure 1-2), followed by the virtual

machine (VM). The VM will take one of two forms:

Figure 1-2. "Generic" J2ME architecture

Profile

Configuration

Java Virtual Machine

Host Operating System

e For systems complying with the CDC, it will be the "traditional" virtual machine; that is, the

same feature set as in the Java 2 Standard Edition.

e  For systems complying with the CLDC, it will be the KVM or avirtual machine that meets

the specifications as required by the CLDC.

CLDC or CDC core libraries are next in the heirarchy. Profiles are the topmost layer, and are designed

to provide atoolkit for writing applications for a particular device family.

Figure 1-3. MID Profile architecture
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As before, the host OS is the base. The virtual machine will be the KVM. Remember, the KVM is
Sun'simplementation of a JVM meeting the CLDC specification—it may not be the only
implementation available of avirtual machine for MIDP. CLDC core libraries are next, followed by
MID Profile.

Compatibility between Java Editions

At the beginning of this section, | introduced Sun's Java tagline: "Write Once, Run Anywhere." Now
that we've introduced Configurations, Profiles and a KV M, do you think this still applies? Well, the
answer is, sort of.

Will J2SE applications run on J2ME?

J2ME isbasically aslimmed down version of J2SE. Many components have been removed to keep the
platform small and efficient. An obvious example isthat of the Abstract Window Toolkit—many
mobile devices do not have the screen capabilities to provide advanced user interface components
such as overlapping windows and drop-down menus.

On the other hand, if you write J2SE code that adheres only to the classes that are available within the
J2ME Configuration you are targeting, then your programs will run on both platforms. Keep in mind,
such applications will most likely be very constrained, with little to no user interface, as 2ZME and
J2SE offer completely different APIs for handling the display.

Will J2ME applications run on J2SE?

The same rules apply here. If you limit the code to what is common on both platforms, the answer is
yes. However, the mgjority of software you write for a J2ME device will require special interface and
event handling code. Thus, you are greatly limited to what types of programs will be appropriate for
both platforms.



Putting all the Pieces Together

Sun created the Java 2 Micro Edition to allow development of Java applications for devices that do not
have the same processing power and memory found on atypical desktop platform. Products may
include cellular phones, PDAS, pagers, entertainment and automotive navigation systems, to name just
afew.

J2ME isdivided into two broad categories, known as Configurations. CDC is a set of APIs to support
"fixed" devices such as atelevision set-top box. CLDC isa set of APIstargeted at devices that have
limited processing power, display and memory. The majority of these devices will aso be mobile (e.g.,
cellular phones and pagers).

A Configuration is closely tied to aJava virtual machine. For CDC, the virtual machine is compatible
with the virtual machine of the Java 2 Standard Edition. The KVM, avirtual machine that takes into
consideration the limited resources available on devices that fit this configuration, was developed for
the CLDC.

On top of Configurations are device Profiles. Here you will find the APIs for user interface design,
networking support and persistent storage. The Mobile Device Information Profile and the associated
libraries are the main focus of this book.



Chapter 2. CONNECTED, LIMITED DEVICE
CONFIGURATION (CLDC)

Topicsin this Chapter

Hardware Reguirements

Software Requirements

The Java Virtual Machine Specification
Handling Security

Class File Verification

J2SE Inherited Classes

CLDC Specific Classes

K Virtual Machine

The goal of the CLDC istwofold. Thefirst goal is to define a specification for aJvM and the second
isto define a set of Java classes (libraries). Each goal has a common theme: to support a wide range of
devices with limited memory, display capabilities and resources. This chapter will cover the CLDC
from top to bottom. Here is the breakdown of topics well cover:

Hardware and software: A look at the minimum requirements for the CLDC.

JVM: The VM as defined by the CLDC is a subset of the J2SE virtual machine. We will
compare the differences in relation to the Java language, as well as the virtual machine itself.
Security: Important to any discussion on Java, we will cover both low-level and application
security.

Class File Verification: To reduce the memory requirements and application start-up time, an
additional classfile pre-verification step has been added, which we'll introduce here.

J2SE Inherited Libraries: A comprehensive list of all the classes that are inherited from J2SE.
CLDC Specific Libraries: Introduction to the Generic Connection Framework—a set of
classes and interfaces to facilitate access to remote storage and network systems.

KVM: Wewill conclude this chapter with an overview of the KVVM—Sun's reference
implementation of a VM designed to meet the CLDC specification.

Sun's reference implementation of CLDC version 1.0 is based on the following Java
Specification Reguest: http://jcp.org/jsr/detail/30.jsp

Features being considered for CLDC "Next Generation" may include support for floating
point numbers, additional error handling capabilities, and a minimal security manager. See
the Java Specification Request: http://jcp.org/jsr/detail/139.jsp

All Java Specification Requests for 2ME: http://jcp.org/jsr/tech/j2me.jsp

For additional information about Sun's Java Community Process: http://jcp.org

CLDC and CLDC Next Generation

Going Forward
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The goal of thisbook isto cover programming for CLDC and Mobile Information Device

Profile (MIDP). From here forward, we will target our discussions and examples to mobile
devices. To keep with thistheme, | will use the terms "mobile device" or, ssimply, "device"
to refer to products that fall within the specifications set forth by both CLDC and MIDP.

Hardware Requirements

When defining requirements, it is very important to take into consideration the range of hardware
(processors, memory, etc.) and software (operating systems and their capabilities) likely to be found
on mobile devices. To keep the door open to as many devices as possible, few requirements were set.

With the exception of available memory, the CLDC does not have specific hardware requirements.
The minimal memory requirements are as follows:

e 128 kilobytes of memory for running the VM and the CLDC libraries (more on the libraries
later in this chapter). Regardless of the implementation (ROM, Flash, etc.) this memory must
preserve its contents, even when the device is powered off. This memory is often referred to
as nonvolatile memory.

e 32 kilobytes of memory available during application runtime for allocation of objects. This
memory is often referred to as volatile memory or “the heap."

Although it goes somewhat against the grain of why Javais such a powerful platform on a mobile
device, thereis no requirement that a manufacturer support dynamic downloading of applications
and/or data. If thisisthe case (i.e., 2ME programs available on the device will be installed during the
manufacturing process), then the amount of memory required may be significantly less.

Software Requirements

The software side is not much different—the CLDC has aminimal set of requirements. The host OS
must be capable of running the VM and managing Java applications on the device, including:

e Selecting and launching of applications
e Theability to remove Java applications from the device

The implementation of these featuresis not specified in the CLDC, and thus is device-dependent and
left to the manufacturer.

The Java Virtual Machine Specification

The intention of the VM isto be as compliant, asis reasonably possible, with the virtual machine of
J2SE, given the memory and processing constraints of mobile devices. Instead of stepping through
each requirement, let's see how the Java Language and VM implemented for CLDC differ from that
of J2SE.



Java Language Differences

There are three main areas that distinguish the Java Language for CLDC versus that defined in the
Java Language Specification. !

™ The Java Language Specification by James Gosling, Bill Joy, and Guy L. Steele. Addison-Wesley, 1996,
ISBN 0-201-63451-1.

Floating Point Math

Floating point math isinherently processor intensive. Given this, and the fact that the mgjority of
devices will not have special hardware for handling float point numbers, the CLDC implementation of
the Java language does not support floats. This support (or lack thereof) is carried throughout all Java
code you write—no float variables, constants, arrays, arithmetic or return values from methods.

Finalization

Within a J2SE class, you can declare a method with the name final ize (). This method will be
called before the garbage collector frees the object. Although the garbage collector will free memory
used by an object, it is not aware of system resources that may have been acquired (file handles,
sockets, etc.). The Final ize() method iswhere you can place code to clean up allocated resources.

Unfortunately, the CLDC does not support the final ize () method. The specification is a bit
sketchy on why, but we can make a safe assumption the overhead and/or processor requirements are
too steep.

Error Handling

The VM will support alimited set of error handling exceptions. The reason for the limitations are
twofold:

e Theexception handling in J2SE is quite comprehensive, and unfortunately, comes with a
matching price—a significant demand on the system.

e Often times, embedded systems will provide their own internal error handling. A smple
solution for the most serious of errors (from a hardware point of view, most definitely not the

convenience of the user) isto perform areset of the device. In such a case, the error cannot be
handed up to you as a devel oper—it's too late at this point.

The exception classes supported in the CLDC are listed later in this chapter in the section titled "J2SE
Inherited Libraries.”

Java Virtual Machine Differences
The Java virtual machine supporting CLDC differs from the Java Language Specification as follows:
Floating Point Math

As mentioned earlier, the implementation of the Java language for CLDC lacks support for floating
point numbers. This carries over to the VM as well.

10



Java Native Interface

To reduce the potential of corruption to system level information, and in keeping with reducing
memory requirements, support for invoking native methods and APIs of other programming languages
was eliminated. However, an implementation of the VM may link native code directly into the virtual
machine. The drawback is that an application that accesses the native code may not be portable to
other VMs.

Custom Class Loader

The CLDC requires the VM to implement a class loader. There are tight controls on the loader—it
cannot be replaced, overridden or modified. The loader itself is device-dependent (read: defined and
implemented by the device manufacturer), including how classes are loaded and in what manner error
conditions are handled.

Reflection

In J2SE, you can use Reflection classes to get information about the running VM. This may include
information about the class files loaded, as well as their methods and fields. Unfortunately, Reflection
is not available on a JvM supporting the CLDC.

Thread Groups

For this JVM implementation, threads are processed on an object-by-object basis. The VM does not
support the ThreadGroup class—thus, you cannot perform operations such as starting/stopping a
group of threads through one method call.

To mimic this functionality, you could roll your own thread processing code; for example, storing a
group of thread objects within a collection class (such as Vector) and providing methods to start/stop
all objects within the collection.

Finalization

The Java Language in CLDC does not support finalization; accordingly, this VM lacks support as
well.

Weak References

J2SE allows what are known as weak references to objects. This means the garbage collector
recognizes that an object is being referenced, yet the object is still a candidate for garbage collection.
Now that you understand what aweak reference is, you can set that thought aside. This VM does not
support weak references.

Handling Security

Any device running a Java application needs protection from malicious code (intentional or otherwise)
that may access system information or resources. Regardless of the JVM, this type of "low-level"
security isimplemented using class file verification.

11



What is different about the VM running on CLDC isthat the verification process is now two steps.
WEe'll cover the specifics of class file verification and the required steps in the next section.

At the application level, programs written using J2SE can load a security manager. The manager doles
out access, or not, through a series of method calls, checking for proper permissions.

Although this model is sufficient for J2SE, once again the requirements of the JVM to implement this
level of security may prove to be beyond the capabilities of many mobile devices. Asan alternative,
the CLDC defineswhat is referred to as a "sandbox" model. The ideais that code will be run inside an
environment that restricts access outside the scope of the "sandbox." The boundaries are defined by
the APIs available through the Configuration and Profile(s)—access is not allowed outside these
classes.

Class File Verification

Verifying the integrity of classfilesisnot atrivial operation. Running on J2SE, the verifier code itself
takes a minimum of 50 kilobytes, not to mention heap space requirements and processing time. To
spread the work load on a mobile device, verification is now done in two steps:

1. Preverification: As part of the development process, or at aminimum, before aclassfileis
loaded on a device, a software program is run to insert additional attributes into the classfile.
This information reduces the amount of time and memory necessary when the VM carries
out step 2 of verification. Class fileswill be approximately 5% larger after pre-verification.

Stack Maps

The attributes added to a classfile are referred to as "stack maps,” asin thisinformation
describes what variables and operands are part of the interpreter stack space.

2. In-device verification: Once adevice loads a pre-verified classfile, the in-device verifier
runs through each instruction. There are several checks done to validate the code. At any
point, the verifier can report an error and reject the classfile.

Memory Savings

The code to verify aclassfile (once it has been pre-verified) isin the range of 10 kilobytes,
with less than 100 bytes of heap space required. Thisis asignificant reduction over that of
the "conventional" verifier available as part of J2SE.

J2SE Inherited Classes

In an ideal world, a mobile device would run the same VM as J2SE and have access to the entire
J2SE core libraries, al 1+ megabytes. That would be nice. Now, back to our world.

12



Near the beginning of this chapter, when describing the hardware requirements, we stated the CLDC
implementation requires approximately 160 kilobytes of memory to run the VM and core libraries
(128k and 32K, respectively). We are afew bytes short of the J2SE footprint. Obviously, afew classes
had to go. Following isalist of the classes that made the cuit.

System Classes
javalang.Class
java.lang.Object
java.lang.Runnable (interface)
javalang.Runtime
javalang.String
javalang.StringBuffer
javalang.System
javalang.Thread
javalang.Throwable
Data Type Classes
java.lang.Boolean
javalang.Byte
javalang.Character
javalang.Integer
javalang.Long
javalang.Short
Collection Classes
java.util.Enumeration (interface)
java.util.Hashtable
java.util .Stack
java.util .V ector

I nput/output Classes

13



javaio.ByteArraylnputStream
java.io.ByteArrayOutputStream
java.io.Datalnput (interface)
java.io.DatalnputStream
java.io.DataOutput (interface)
java.io.DataOutputStream
javaio.lnputStream
java.io.lnputStreamReader
java.io.OutputStream
java.io.OutputStreamWriter
java.io.PrintStream
java.io.Reader

java.io.Writer

Calendar and Time Classes
java.util.Calendar
java.util.Date

java.util. TimeZone

Utility Classes
javalang.Math
java.util.Random

Exception Classes
java.io.EOFEXxception
javaio.Interruptedl OException
java.io.lOException

java.io.UnsupportedEncodingException

14



java.io.UTFDataFormatException
java.lang.ArithmeticException
java.lang.ArraylndexOutOfBoundsException
javalang.ArrayStoreException
javalang.ClassCastException
java.lang.ClassNotFoundException
java.lang.Exception

javalang.lllegal AccessException
javalang.lllegal ArgumentException
javalang.lllegalMonitor StateException
javalang.lllegal ThreadStateException
javalang.IndexOutOfBoundsException
javalang.InstantiationException
java.lang.InterruptedException
java.lang.NegativeArraySizeException
java.lang.NullPointerException
java.lang.NumberFormatException
java.lang.RuntimeException
java.lang.SecurityException
java.lang.StringlndexOutOfBoundsException
java.util. EmptyStackException
java.util.NoSuchElementException
Error Classes

javalang.Error

java.lang.OutOfMemoryError
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javalang.VirtualMachineError
I nternationalization
java.io.InputStreamReader
java.io.OutputStreamWriter

InputStreamReader and OutputStreamWriter can be used to convert (read/write) sequences of bytes
to/from Unicode.

Property Support

Thereisavery limited set of properties you can query about the system. Below isalist of the
properties available, and a sample method call for each:

e Get the host platform / device
System.getProperty("'microedition.platform™)

e Get the default character encoding
System.getProperty(‘'microedition.encoding™)

e  Get the supported configuration name and version
System.getProperty(‘'microedition.configuration'™)

e  Get the supported profile(s) names

System.getProperty(‘'microedition.profiles™)

Accessing Runtime Information

All Java programs can access an object named Runtime (Java. lang. Runtime). This
class provides access to system information in a device-independent manner. For example,
the following code will print the values of total and free memory to the console.

Runtime rtime= Runtime.getRuntime();
System.out._printIn(*"Total memory: " + rtime.total Memory());
System.out._printIn(*'Free memory: " + rtime.free Memory());

CLDC Specific Classes

Mobile devices may span the gamut as far as support (or lack thereof) for file systems and networking.
The Generic Connection Framework (GCF) isa set of classes and interfaces designed to facilitate
access to storage and network systems, without specifying hardware and software requirements.
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Although the J2SE networking and 1/0 classes are comprehensive, weighing in at nearly 200 kilobytes,
they are aso much too large for many mobile devices. The GCF was designed to support many
devices and protocols, both current and those yet to be devel oped.

The first concept to understand is that the GCF does not include implementations for any protocals, it
simply lays the groundwork. The actual classes providing the implementation(s) are done at the
Profile level. For example, any device manufacturer providing support for the MIDP is required to
implement the HTTP protocol (using the classHttpConnection).

GCF provides one class, Connector, to open any type of connection. For example:

Connector .open(*'http://www.corej2me.com™);

If the call is successful, aConnection typeisreturned. The object returned will implement one of
the six interfaces defined by GCF. These are listed below:

Javax.microedition.io. InputConnection
Javax.microedition.io.OutputConnection
Javax.microedition.io.StreamConnection
Javax.microedition.io.ContentConnection
Javax.microedition.io.StreamConnectionNotifier
Javax.microedition.io.DatagramConnection

In Chapter 14 we will provide more detail about the GCF and the HttpConnection class.

K Virtual Machine

Let's take a few minutes to look inside Sun's implementation of a VM that meets the CLDC
specification.

The KVM was designed to be as small and efficient as possible, yet steadfast in the core competencies
of the Javalanguage. With memory typically a precious commaodity on small resource constrained
devices, the runtime footprint is only (approximately) 60 kilobytes. Which explains where the K in
KVM originates, asin, the virtual machine will run in only afew tens of kilobytes of memory.

Sun's reference implementation of the KVM iswritten in C to facilitate portability. The mgjority of
code comprising the KVM will not change regardless of the platform. Device dependent codeis
limited to memory management, handling of fatal errors, processing of events, code initialization and
cleanup.

Since the KVM is simply aimplementation of avirtual machine that meets the CLDC requirements,
aswe've outlined in this chapter, thereis not a great deal of additional information to provide. If you
would like to learn more about the specifics of the C code that comprise the KVM or would like to
learn the details of how to port the software to another platform, you can find an abundance of
information in the KVM Porting Guide, included as part of Sun's CLDC download.

When we get to Chapter 4, we'll download and install the CLDC, which will include Sun's reference
implementation of the KVM.
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Chapter 3. MOBILE INFORMATION DEVICE PROFILE
(MIDP)

Topicsin this Chapter

Hardware and Software Requirements

MID Profile Architecture

The MIDlet Suite

Accessing JAR/JAD Attributes from aMIDlet

At this point we need to take a closer look at the hardware and software requirements of a device that
intends to implement the MIDP. Y ou'll also learn about the architecture of applications running on a
mobile device and you will become familiar with the MIDlet Suite as a means to package your
programs.

Hardware and Software Requirements
There's no better way to state the hardware requirements than to simply list them out, one by one:

e The screen must support at least 96 x 54 pixels.

e There must be at least one type of user input available: one-handed keyboard (telephone
keypad), two-handed keyboard (typical QWERTY keyboard) or atouch screen.

e 128 kilobytes non-volatile memory to run Mobile Information Device (MID) components.

e Atleast 8 kilobytes of non-volatile memory for applications to store persistent data, such as
application settings and data.

e 32 kilobytes of volatile memory to run Java.

e Wireless network connectivity.

The native operating system running on a mobile device may vary as much as the devices themselves.
Therefore, it isimportant to set minimal software requirements, leaving the door open to awide range
of devicesthat can implement the MID Profile. Hereis the final tally of requirements as listed in the
specification:

e The operating system running on the device must provide minimal scheduling, exception
handling and processing of interrupts. There must also be sufficient capabilitiesto run aJVM.

e The software must support writing of bitmapped graphics to the display.

e Using any of the three input types described above, the software must accept input and pass
the information to the JVM.

e To support persistent data, there must be capabilities to read and write to/from non-volatile
memory. Remember, there is no requirement defined for afile system. Any application data
that needs to persist when the device is shut off will need to be written to memory.

MIDP and MIDP Next Generation

Sun's reference implementation of MIDP version 1.0 is based on the followina Java
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Specification Reguest: http://jcp.org/jsr/detail/37.jsp

Features being considered for MIDP "Next Generation” may include support for HTTPS,
sockets and datagrams, extensions to the low-level interface, and an XML parser. See the
Java Specification Request: http://jcp.org/jsr/detail/118.jsp

All Java Specification Requests for 2ME: http://jcp.org/jsr/tech/j2me.jsp

For additional information about Sun's Java Community Process: http://jcp.org

e There must be access to the networking features on the device (specifically, the ability to read
and write information across a wireless network).

MID Profile Architecture

To visualy portray the architecture of an MID we begin with the hardware, which is shown as the
bottom-most level in Figure 3-1. One step up, running on the hardware, is the native operating system.

Figure 3-1. Mobile information device architecture
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Moving to the upper right of Figure 3—1, you'll notice our first reference to an application running on
an MID, the native application. Until the introduction of J2ME, these were typically the only types of
programs available on a mobile device. A good example of a native program would be that of the
configuration program that comes installed on the device, allowing you to set the type of ring, volume,
date and time, and so forth.

The CLDC isinstalled on the native operating system and is the foundation for MIDP. Notice that
MIDP applications have access to both the libraries of CLDC and MIDP.

OEM-specific (original equipment manufacturer) classes are provided by the manufacturer of the
device. Functionality added may include options such as the ability to answer incoming calls or to
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look up entries in a phone book. The downside is that these classes are specific to the device and as a
result, you toss portability out the window.

OEM -specific applications may access MIDP APIs and/or OEM-specific classes. If the latter are used,
once again, applications may not be portable to other devices.

The MIDlet Suite

A MIDlet is a Java application designed to be run on amobile device. More specifically, aMIDlet has
asits core Java classes the CLDC and MIDP. A MIDlet suite consists of one or more MIDlets
packaged together using a Java Archive (JAR) file.

Before learning the finer points of packaging MIDIets, let's take a minute to learn how applications are
managed on a mobile device.

Runtime Environment and Application Management

The Application Manager is the software on a mobile device that is responsible for installing, running
and removing MIDlets. This software is device-dependent (i.e., designed and implemented by the
manufacturer of the device).

When the application manager starts a MIDIet, it will make all the following available to the
application:

e Accessto the CLDC and the Javavirtual machine: MIDlets can make use of any classes
defined within the CLDC. If you recall from the previous chapter, the CLDC classes are a
subset of J2SE and a so include the GCF (an interface) for supporting input/output and
network connectivity.

e Accessto MIDP-defined classes: These libraries define and implement the user interface,
persistent storage, network support using HTTP, timers and managing user interaction with
the device.

e Accessto JARfile: If the MIDIet was delivered using a JAR file, any classes or other
resources (e.g., images) within the archive must be made available to the MIDlet. We will
cover JAR filesin the next section.

e Accessto the Java Application Descriptor file (JAD): Along with aJAR file, aMIDIet may
have accessto aJAD file. If aJAD fileis available, the contents must be available to the
MIDlet. We will show how to access the contents of a JAD file as this chapter progresses.

Sharing Resources

Within a suite, MIDlets can share resources. As an example, it may be beneficial for the
MIDlets to have access to a "common" areain persistent storage. One ideais to share the
application preferences the user has configured. As the user goes from one MIDlet to
another, these preferences are carried along with them, providing a consistent look and feel.
We will present more information about MIDIets reading/writing to the same persistent
storage area when we look at the Record Management System.
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Java Archive File (JAR)

The ddlivery of a production-packaged application will generally consist of many files. In addition to
Java classes, other files such as images and application data, known as resources, are quite common.
Y ou bundle al thisinformation together into a single entity known asaJAR file.

Learning about JAR Files

Visit Sun's Java Tutorial online for more information about JAR files:
http://java.sun.com/docs/books/tutorial/jar/index.html

In addition to class and resource files, a JAR contains a file known as a manifest. Thisfile describes
the contents of the JAR. The manifest file has the name mani fest.mf and is stored as part of the
JAR fileitself. Table 3.1 lists the system attributes that may be defined within the manifest file.

The manifest file does not require all attributesin Table 3.1 be defined. However, if the following six
are not inside the manifest file, the application manager will refuse to load the JAR:

MIDlet-Name

MIDlet-Version

MIDlet-Vendor

MIDlet-<n> (one entry for each MIDlet in the JAR file)

MicroEdition-Profile

MicroEdition-Configuration

Table 3.1. Manifest Attributes

Attribute Purpose Required
MIDlet-Name Name of the MIDlet suite. Yes
MIDlet-Version Version number of the MIDlet. Yes
MIDIet-Vendor \Who developed the MIDlet. Yes
MIDlet-<n> Reference to a specific MIDlet inside aMIDlet suite. This Yes

attribute contains up to three pieces of information:
1. MiIDlet name
2. lcon for this MIDlet (optional)
3. Class name the application manager will call to load
thisMIDlet
MicroEdition-Profile \What J2ME Profile s required by the MIDIet(s). Yes
MicroEditionConfiguration|What J2ME Configuration is required by the MIDIet(s). Yes
MIDlet-1con Icon used by the application manager. Shown alongside the No
MIDlet-Name on the device. This must be aPNG imagefile.
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IMIDlet-Description Text describing the MIDlet. No

MIDlet-Info-URL URL that may have more information about the MIDlet and/or |No
the vendor.

Here is an example of a simple manifest file:
MIDlet-Name: Todo List

MIDlet-Version: 1.0

MIDlet-Vendor: Core 2ME

MIDlet-1: TodoList, /images/Todo.png, Todo.TodoMIDlet
MicroEdition-Profile: MIDP-1.0

MicroEdition-Configuration: CLDC-1.0

Java Application Descriptor File (JAD)

In addition to a JAR file, aJAD file may be available as part of the MIDlet suite to provide
information about the MIDlet(s) within the JAR. The rationale behind including aJAD fileisas
follows:

1. To provide information to the application manager about the contents of a JAR. With this
information, decisions can be made as to whether or not a MIDIet(s) is suitable for running on
the device.

2. Provide ameans for parameters to be passed to a MIDlets(s) without having to make changes
to the JAR file. An example of thiswill be shown shortly.

The application manager requires the JAD file have an extension of .jad.

Table 3.2 isalist of the system attributes that may beinside a JAD file. Y ou can aso define your own
attributes as you see necessary for your application. Simply create names that do not start with
"MIDlet-" and you are good to go. An example of a custom (user-defined) attribute will be shownin
the next section.

Aswith the manifest file, there isarequired set of attributes that must be defined in the JAD file:
MIDlet-Name

MIDlet-Version

MIDlet-Vendor

MIDlet-<n> for each MIDlet

MIDlet-Jar-URL
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MIDlet-Jar-Size

Table 3.2. Java Application Descriptor (JAD) Attributes

Attribute Purpose Required
MIDlet-Name Name of the MIDlet suite. Yes
MIDlet-Version Version number of the MIDIet. Yes
MIDIet-Vendor 'Who developed the MIDlet. Yes
MIDlet-<n> See Table 3.1. Yed1H
MIDlet-Jar-URL \URL of the JAR file. Yes
MIDlet-Jar-Size The JAR file size in bytes. Yes
MIDlet-Data-Size The minimum number of bytes required for persistent data No

storage.
MIDlet-Description Text describing the MIDlet. No

MIDlet-Delete-Confirm™ |Message shown to a user to confirm arequest to delete aMIDlet
aa suite.

No

MIDlet-Install-Notify™  |URL to receive installation status report.

No

[ See the Sidebar "Is MIDlet-<n> required in the JAD file?"

[

"1 Attributes added as part of the addendum "Over the Air User Initiated Provisioning." See Appendix A.

MIDlet-Name, MIDlet-Version and MIDlet-Vendor must be identical to the attributes with the same
name inside the manifest file (of the JAR). If not, the application manager will not load the JAR file.
If any other attribute names are duplicated in both files, and the value of those attributesis not the

same, those in the application descriptor file will take precedence.

Is MIDlet-<n> Required in the JAD File?

The MIDP specification version 1.0 does not show the MIDlet-n attribute as one that is
required in the JAD file. However, without this entry, | was not able to preview MIDletsin
the device emulator. Including this attribute in both filesis not a problem, and actualy, this
may provide more clarity as to how these files work together. For completeness, al
examples that include a JAD file will specify the MIDlet-n attribute.

A simple JAD file may look asfollows:
MIDlet-Name: Todo List
MIDlet-Version: 1.0

MIDlet-Vendor: Core 2ME

MIDlet-Jar-URL: http://www.corej2me.com/TodoM Dl et.jar

MIDlet-Jar-Size: 17043

MIDlet-1: TodoList, /images/Todo.png, Todo.TodoMIDlet
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Entering Attributes

The attributes in the manifest and JAD file can bein any order. All entries are "name:value"
pairs, with a carriage return separating the entries. Any whitespace after "name:" isignored.

Accessing JAR/JAD Attributes from a MIDlet

Attributes declared inside the manifest and JAD file are accessible to the MIDIet(s) inside the suite by
calling the following method:

Javax.microedition.midlet_MIDlet._getAppProperty(String name)
Examples 3.1, 3.2, and 3.3 are samples that print entries from both files.
Example 3.1 manifest.mf

MIDIet-Name: Show Properties MIDlet
MIDlIet-Version: 1.0.1

MIDlet-Vendor: Core J2ME

MIDlet-1: ShowProps, , ShowProperties
MicroEdition-Profile: MIDP-1.0
MicroEdition-Configuration: CLDC-1.0
MIDlet-Description: A simple property list example
MIDlet-Data-Size: 1500

Example 3.2 ShowProper ties.jad

MIDIet-Name: Show Properties MIDlet
MiIDlIet-Version: 1.0.1

MIDIet-Vendor: Core J2ME

MIDIet-Jar-URL: ShowProperties.jar
MIDlet-Jar-Size: 1132

MIDIet-1: ShowProps, , ShowProperties
MIDlet-Description: A simple property list example
JadFile-Version: 1.5

MiDlIet-Data-Size: 500

Figure 3—-2 shows the output of the MIDlet. We will go into the details of how to compile the Java
code, pre-verify the class files and preview MIDIets in the next chapter.

Figure 3-2. Attributes from the manifest and JAD files
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W WINNT S System32h cmd.exe

C:~2midp —classpath . —Hdescriptor ShowProperties. jad
Vendor: Core JZME

Description: A simple property list example

JadFile Uersion: 1.5

MHIDlet-Data—Si=e: 560

LR

Example 3.3 ShowProper ties.java

import javax.microedition.midlet.*;

public class ShowProperties extends MIDlet

{
public void startApp() throws MIDletStateChangeException

{

System.out.printIn(*'Vendor: " +
getAppProperty("MIDlet-Vendor™));

System.out.printIn(‘'Description: " +
getAppProperty(""MIDlet-Description™));

System.out.printIn(*'JadFile Version: " +
getAppProperty("'JadFile-Version'™));

System.out.printIn(*’"MIDlet-Data-Size: " +
getAppProperty('MIDlet-Data-Size'));

}

public void pauseApp(Q)
{3

public void destroyApp(boolean unconditional)

{3
}

To keep from cluttering the code with concepts that we have not yet covered, I've kept this example to
the bare minimum. Don't be concerned with any code that looks unfamiliar. What isimportant are the
following points:

e Thefilemanifest.mf isstored as part of the JAR file, ShowProperties. jar.
e ShowProperties. jar isreferenced from within the JAD file with thisline:

MIDlIet-Jar-URL: ShowProperties.jar

e The attributes MIDlet-Name, MIDlet-Version and MIDlet-Vendor are in both the manifest
file and the JAD file. All the values are required to be identical.

e Theattribute M I Dlet-Description optional.

e JadFile-Version is auser-defined attribute. We know this based on the fact that it does not
appear in either Table 3.1 or Table 3.2. Because attributes inside a JAD file are accessible
from within aMIDlet, you can add attributes to the JAD without having to change or rebuild
the JAR. Put another way, you can easily change/add parameters to be passed to the MIDl et.
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The attribute M Dlet-Data-Size isin both the manifest and the JAD file. As pointed out
earlier, when there are attributes in both files that are identical, entriesin the JAD file will
take precedence. For that reason, the output in Figure 3—2 shows MIDlet-Data-Size as 500,
the value from the JAD file. Keep in mind that this does not apply to MIDIet-Name, MIDlet-
Version and MIDlet-Vendor, which are required to be in both filesand MUST be identical.
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Chapter 4. DEVELOPMENT ENVIORNMENT

Topicsin this Chapter

Download the Software

Install the Software

Command Line Development

Packaging aMIDlet

Running aMIDlet on an Emulator
Download MIDlet onto a Mobile Device
Project Management Using Java Packages
J2ME Wireless Toolkit

Now that we have covered al the background information, there's one last step before learning how to
write MIDlets. We need to create the 2M E devel opment environment.

In this chapter you'll learn what software is required, where to download the software, and how to set
up the devel opment environment. Y ou'll also become familiar with the command line tools to compile,
pre-verify and run aMIDlet.

WEe'll wrap up this chapter with the 2ME Wireless Toolkit—a free software tool provided by Sun to

simplify the J2ME development cycle. Thistools offers abasic GUI for project management,
previewing and packaging of 2ME programs.

Download the Software

Before going any further, we need to download the software. There are three required software
packages.

1. JavaDevelopment Kit (JDK)—1.3 or greater:

http://java.sun.com/products/jdk/1.3

2. Connected, Limited Device Configuration (CLDC):

http://java.sun.com/products/cldc

3. Mobile Information Device Profile (MIDP):

http://java.sun.com/products/midp/

Operating System and Software Version Numbers

| will be using Microsoft Windows as the operating system as | describe how to install and
confiaure J2ME. If vou are on a different platform that is suoported bv J2ME. little should
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change. Follow the installation instructions that accompany the software and update the
system environment variable PATH and MIDP_HOME asindicated below. The installation
instructions that follow were written using these software versions: JDK-1.3.1, CLDC-1.0.3,
and MIDP-1.0.3

Install the Software

Here we will walk through the installation of each software component, beginning with the Java
development kit.

Java Development Kit

We need to install the JDK to have access to the Java compiler and the application for creating Java
Archivefiles (jar.exe).

Install

Install the JDK using the instructions that are supplied as part of the download. If you choose to install
to adirectory other than the default, make note of the path you select. Y ou will need this as we move
through the installation.

Update the PATH Environment Variable

I highly recommend you update the PATH environment variable to point to the directory where the
java executable files are located. This allows you to run the Java compiler from any directory without
specifying the full path each time.

For Windows 2000 or Windows NT:

e from the Control Panel choose System.
e Click Environment (or Advanced/Environment)

Find the PATH (or Path) entry and at the end, add the location of the\ bin directory in your
JDK install path. Assuming you installed version 1.3.1 of the JDK, and selected the default
installation path, you would add the following to the end of the path: C:\jdk1.3.1\bin

Separating Path Entries in Microsoft Windows

Windows uses a semi-colon (;) to separate entries in the path. If thereis not a semi-colon at
the end of the path, you will need to add one, before appending the JDK path.

For Windows 98 or Windows 95

Windows includes a program called the System Configuration Editor. This program isaquick and
easy way to update configurations files including: win. ini, system.ini, config.sys, and autoexec.bat.
To start the editor from within Windows:
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e Click the Start button
e Select Run
e Enter sysedit in the dialog box and click OK

Find your way to the autoexec.bat dialog box. Assuming you installed version 1.3.1 of the JDK and
selected the default installation path, enter the following:

If thereis not an entry for PATH add thisline:
PATH=C:\jdk1.3.1\bin
If thereis an entry for PATH, find the end of the entry and add:

C:\jdk1.3.1\bin

CLDC

Install
Open the Zip file you downloaded and extract the files to your hard drive. | recommend you use the
path c:\ j2me (you may need to substitute a different drive letter depending on your disk space
availability and system configuration).
If you extract to the path c:\ j2me, you will now have a directory structure that looks as follows:
CAjZme

|

jﬂrllt'_t‘[t]l_'

Update the PATH Environment Variable

Y ou will also need to update your PATH environment variable to point to the directory where the
CLDC executable files are located (the KVM and preverifier). Follow the same steps as outlined
above to add to the PATH:

C:\j2me\j2me_cldc\bin
MIDP

Install

Open the Zip file you downloaded and extract the files to your hard drive. Once again, | recommend
you use the path c:\ j2me. Y ou will now have a directory structure that |ooks as follows:

CAjZme

|
j2me_clde
midpl1.0.3fcs
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Update the PATH Environment Variable

Y ou will need to update your PATH to reference the directory where the MIDP executablefileis
located (this is the emulator for testing your MIDlets). Follow the same steps as outlined above to add
to the PATH:

C:\j2me\midpl.0.3Ffcs\bin

Update/Insert the CLASSPATH Environment Variable

CLASSPATH specifies where to search for classes that are not part of the Java (JDK) platform itself.
In our case, we need to update CLASSPATH to have areference to the MIDP classes. Y ou will also
need to have areference to the current directory "." as part of the CLASSPATH. Follow the same
steps as outlined above to add/create the CLASSPATH:

CLASSPATH=C:\j2me\midpl.0.3fcs\classes;.
Noticethereisa"." at the end to represent the current working directory.

Create MIDP_HOME Environment Variable

This variable points to the location of the \ i b directory of your MIDP installation. There are 2
configuration files located here:

-internal .config
-system.config

Follow the same step as outlined previously to add/create the MIDP_HOME environment variable:
MIDP_HOME=c:\j2me\midpl.0.3fcs

MIDP comes bundled with an emulator that mimics the look and feel of acellular phone. The
emulator can be configured to support color or various shades of black and white (grayscale). Table

4.1 shows the range of values available.

To change the color support for the emulator locate the file internal .config. Thisfileisin the
\lib directory of your MIDP_HOME. For example, the full path to the file may look as follows:

C:\j2me\midpl.0.3fcs\lib\internal .config
Table 4.1. Screen Depth Options

Value Number of Colors Color Type
1 2 Black and white
2 4 Grayscale
4 116 Grayscale
8 256 Color

Inside thisfile, change the parameter system.display.screen_depth to one of the valuesin
Table4.1:
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system.display.screen_depth: 8

Additional Emulators

In the last section of this chapter we will introduce Sun's 22ME Wireless Toolkit. This
J2ME development tool comes packaged with an emulator that can mimic several mobile
phones as well as hand-held devices, such as PDAs and pagers.

Installation Checklist

If you've been diligent in following along, your PATH variable (with the exception of entries that may
have aready been part of your PATH) should look similar to the following:

PATH=C:\jdk1.3.1\bin;C:\j2me\j2me_cldc\bin;C:\J2me\midpl.0.3Fcs\bin;
The directory hierarchy will be asfollows:

L':"kjdk"k] 3. bin

e:\j2me
|
j2me_clde
|
midp1.0.3fes

Test Your Installation
Here are afew steps to quickly verify the CLDC , MIDP and JDK were installed correctly:

1. Gotoacommand prompt.
2. Totestthe CLDC instalation, typein "preverify" and pressenter. Y ou should see a screen
that looks similar to the output shown in Figure 4-1.

Figure 4-1. Testing the pre-verifier

single line

Directory names must be enclosed in doohle gquotes (2

3. You can verify the MIDP installation by checking for the mobile device emulator. Typein
"midp -version" and press enter. Y ou should see a window pop up that looks similar to that

of Figure 4-2.
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Figure 4-2. Testing the MIDP Emulator

MIDP-1.8
1.8.3 dist

Configuration: CLDC-1.8
Czn>

4. Asafinal check, test the JDK installation by typing "java —version" and press enter. Y ou
should see the output shown in Figure 4-3.

Figure 4-3. Testing the Java Development Kit

Ciwrjava -wersion
j version 1.3

Jav
Java{TH> 2 Run _Environment, Standard Edition {build 1.3.1-h24>
Java HotSpotd<TH) Client UM <huild 1.3.1-b24. mixed mode’

Gz

Troubleshooting
If any of the programsfail to run, here are afew thingsto look for:

e Make sure each programisinstalled correctly. Use Windows Explorer to find the program
causing the problem. For example, | ocate the program midp.exe—for my installation thisin
the directory: C:\j2me\midpl.0.3Fcs\bin. Double-click the program and it should start.
If you cannot locate the file or it doesn't run, you may need to uninstall and then reinstall the
application.

If it does run, but fails when called from the command line, you know that something is not
correct in your PATH setting. Remember, the PATH variable tells Windows where to locate
executablefiles.

e Make sure you have areference to the current working directory (".") as part of the
CLASSPATH environment variable. For example:

CLASSPATH=C:\j2me\midpl.0.3fcs\classes;. ("." at the end)

o Verify thedirectory pathsin the PATH environment variable are correct. Once again, using
Windows Explorer, locate the directory of the executable as shown above and look in the
'Address inside Explorer (see Figure 4-4). Thisisthe full directory path to the program. Y ou
can copy and paste this directory into the PATH variable.

Figure 4-4. Verifying the PATH to the MIDP Emulator
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Command Line Development

To learn the command live development process, it's easiest to walk through an example. Let's jump
right in and write the code for asimple MIDlet that will display atextbox. You'll also see how to
compile, pre-verify and run the resulting program.

Write the Java Code

To get started, create a new directory to hold your MIDIet projects. | prefer to use a directory name
something along the linesof c:\midlets

Within this directory create a sub-directory called We lcome. With atext editor, open anew file with
the name We l come . java and enter the Java source code shown in Example 4.1. Save thefilein the
directory c:\midlets\Welcome (or whatever path you choose). The full path to the MIDlet source
file should be something similar to:

c:\midlets\Welcome\Welcome. java
Example 4.1 Welcome. java

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

public class Welcome extends MIDlet implements CommandListener

{
private Display display; // Reference to Display object private

TextBox tbMain; // Textbox to display a message
private Command cmEXit; // Button to exit the MIDlet

public Welcome()
{
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display = Display.getDisplay(this);
cmExit = new Command(“Exit", Command.SCREEN, 1);

tbMain = new TextBox(''Welcome', "Core J2ME'™, 50, 0);
tbMain.addCommand(cmExit);
tbMain.setCommandListener(this);

}

// Called by application manager to start the MiIDlet.
public void startApp(Q

{
display.setCurrent(tbMain);

}

// A required method
public void pauseApp(Q)

{3}

// A required method
public void destroyApp(boolean unconditional)

{3}

// Check to see if Exit command was selected
public void commandAction(Command c, Displayable s)

{
iT (c == cmExit)

{
destroyApp(false);

notifyDestroyed();

}
}
}

Compile and Pre-verify
Here's how to compile the Java source code and pre-verify the resulting classfile.

1. Compile the source code: Go to a command prompt. Change to the project directory where
you saved thefile. (e.g., c:\midlets\Welcome). Compile the program by entering:

Javac -bootclasspath c:\j2me\midpl.0.3Ffcs\classes Welcome.java

Theoption ""-bootclasspath c:\j2me\midpl.0.3fcs\classes" indicateswhere
to locate the Java bootstrap (startup) class files. We must point to the MIDP classes,
otherwise, the JDK classes will be used.

ThefileWelcome.class will be created, by default, in the same directory as the Java
sourcefile.

2. Pre-verify the classfile by entering the following from the command prompt:

preverify -classpath c:\j2me\midpl.0.3fcs\classes;. -d . Welcome



Theoption ""~classpath c:\j2me\midpl.0.3fcs\classes;." specifieswherethe
classfilesfor pre-verification are located. This includes the MIDP classes that are needed as
part of the verification process and your classfile, We lcome . class, which islocated in the
current directory (specified by ".").

Theoption "-d ." tells the pre-verifier where to put the verified classfiles. The"." specifies

the current directory, the same location as the original classfile.

Important Note

Using the above command line options, as written, will overwrite the original Java classfile
(from the Java compiler) with anew pre-verified class file (from the pre-verifier). Y ou may
want to separate the classfiles into two directories. One reason is, class files that are not
pre-verified cannot be loaded by the application manager. | simply chose this option to keep
the example simple. | will you show you how to maintain separate directories later in this
chapter.

Run the MIDlet

We've taken the easy route through compiling and pre-verifying by keeping the command line options
simple. Let's continue with the trend. Here's the quickest way to preview your MIDlet. While still at

the command prompt, enter:
midp -classpath . Welcome
Thereit is—your first, albeit simple, MIDlet (see Figure 4-5).

Figure 4-5. Welcome MIDlet

Emulator Look and Feel

When running aMIDlet, the look and feel of the emulator is related to the MIDP
implementation vou have installed. Manv of the screen-shots for the examples in this book
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were created with Sun Microsystems reference implementation of MIDP, version 1.0.

If you have installed a more current version, or are running an implementation provided by
a device manufacturer or third-party, the emulator display may look different than what you
see here. However, the base functionality of the MIDlet will not be affected.

The good news s, once you've developed a system for compiling, pre-verifying and previewing, not
much changes. | like to put al the steps into a batch file (on Microsoft Windows OS). That way, | can
run one program to perform all three steps. For example, here isasimple batch file that | used to
create and test thisMIDlet:

Javac -bootclasspath c:\j2me\midpl.0.3Ffcs\classes Welcome. java
pause

preverify -classpath c:\j2me\midpl.0.3fcs\classes;. -d . Welcome
midp -classpath . Welcome

The pause command will wait for a keypress before executing the next command in the batch file.
Thisway, if you have an error in your Java source file, you can press Control-C to exit the batch file,
skipping pre-verification and running of the MIDIet.

Packaging a MIDlet

The previous exampleis all well and good if you simply want to write MIDlets and preview themin
an emulator. | would venture a guess that is probably not your long-term goal. Let's ook at how to
package MIDlet(s) using JAR and JAD files.

Before we get into the details, let's make this discussion alittle more interesting by creating a second
MIDlet. Thiswill give you an opportunity to see how the application manager handles multiple
MIDlets within a suite.

MIDlet #2

The code for the second MIDIet is shown in Example 4.2. There are afew changes in the MIDlet;
however, the output is quite smilar. At this point, concentrate on the devel opment process more than
the code itself.

Aswith the first example, to keep the focus on how to compile and package your MIDlets, we'll save
the code explanations for later in the book.

Create adirectory to hold the new MIDlet: | used a directory called We lcomeBack, created as a
subdirectory of c:\midlets. Typein the code shown in Example 4.2 and saveit in afile called
"WelcomeBack. java " in your new directory. Here are the steps to compile, pre-verify and run the
MIDlet:

Example 4.2 WelcomeBack. java

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
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public class WelcomeBack extends MIDlet implements CommandListener

{
private Display display; // Reference to Display

private List IsMain; // List of items
private Command cmEXit; // Button to exit the MIDlet

public WelcomeBack()

{
display = Display.getDisplay(this);

cmExit new Command("Exit", Command.SCREEN, 1);

IsMain = new List("'Welcome Back', Choice.IMPLICIT);
IsMain.append(**Core J2ME'™, null);
IsMain.addCommand(cmEXit);
IsMain.setCommandListener(this);

}

// Called by application manager to start the MiIDlet.
public void startApp(Q

{
display.setCurrent(lIsMain);

// A required method
public void pauseApp(Q)

{3}

// A required method
public void destroyApp(boolean unconditional)

{3}

// Check to see if Exit command was selected
public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}
}

1. javac -bootclasspath c:\j2me\midpl.0.3fcs\classes WelcomeBack. java

2. preverify -classpath c:\j2me\midpl.0.3fcs\classes;. -d .
We lcomeBack

3. midp -classpath . WelcomeBack
Y ou can see the output in Figure 4-6.

Figure 4-6. WelcomeBack MIDlet
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2ME

The MIDlet Suite

Up to this point, we've been running our MIDlets, one at atime, from the command line. This works
well for testing and debugging. However, it's time to put all the pieces together and create a MIDl et
suite that contains our two MIDlets. Here's the basic process:

1
2.
3.

Package class files and any resources (images, application data, etc.) into aJAR file.

Create a JAD file that describes the contents of the MIDlets within the JAR.

Run the MIDlet suite by loading the JAD file on an emulator or download the JAR and JAD
files onto a device that supports 2ME and the MID Profile.

Here are the steps to create a MIDlet suite for the two examples you just wrote.

Create the JAR File

1

2.
3.

Create anew directory to hold the class files from both examples: | used a directory with the
name We lcomeJar, which | created as a subdirectory of c:\midlets.

Copy both classfiles (Welcome . class and We lcomeBack . class) into the directory.
Create anew file called manifest . txt and enter/save the text in Example 4.3.

Example 4.3 manifest. txt

MIDIet-Name: Welcome Examples
MIDlet-Version: 1.0

MIDlIet-Vendor: Core J2ME Technology
MIDlet-1: Exampel,/spin.png, Welcome
MIDlet-2: Example2, /spin.png, WelcomeBack
MicroEdition-Profile: MIDP-1.0
MicroEdition-Configuration: CLDC-1.0

Create aJAR file by running the following command:

Jjar cvfm Welcome.jar manifest.txt
Welcome.class WelcomeBack.class
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Thiswill create thefileWelcome. jar that contains the contents of mani fest. txt and
both classfiles. | realize this may be redundant, but it warrants being repeated: When stored
in the JAR, the manifest file will have the name manifest.mf. The above reference to
manifest. txt tellsthejar program to create mani fest.mT using the contents of thefile
manifest. txt.

Create the JAD File
Create anew file called Welcome . jad and enter/save the text in Example 4.4.
Example 4.4 Welcome. jad

MIDIet-Name: Welcome Examples

MIDlet-Version: 1.0

MIDlIet-Vendor: Core J2ME Technology
MIDlIet-Description: Two simple MIDlet examples
MIDIet-Jar-URL: Welcome.jar

MIDlet-Jar-Size: 1915

MIDlet-1: Exampel,/spin.png, Welcome

MIDlet-2: Example2, /spin.png, WelcomeBack

Notice the reference to both the MIDlets:

MIDlet-1: Examplel,/spin.png,Welcome
MIDlet-2: Example2,/spin.png,WelcomeBack

Each line contains the name of the MIDIet that will be displayed on the device; an (optional) image
file to associate with each MIDlet, and the classfile to load to start the MIDlet (Welcome and
WelcomeBack).

Running a MIDlet on an Emulator

We can tie all thistogether by loading our MIDlet suite from alocal file system or over the Internet.

From the File System
Here is the command line syntax to load the JAD file:
midp -classpath . -Xdescriptor Welcome.jad

In Figure 4—7 notice how application manager has extracted the MIDlet names and the images from
the JAR\JAD file and shown them on the device display. Figures 4-8 and 4-9 show the MIDlets,
Examplel and Example 2, respectively.

Figure 4-7. Two MIDlets in a suite presented on device
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From a Webserver

If you want to use the emulator to run a MIDIet(s) that is stored on a webserver, you can reference the
jad file by changing the url. For example, if | uploaded the MIDlet suite to the website
http://www.corej 2me.com, in the directory ch4/, | could reference the JAD file asfollows:

midp —transient http://www.corej2me.com/ch4/Welcome.jad

The "-transient” option notifies the emulator that you want to run a description and JAR file located at
aspecified URL.

Download MIDlet onto a Mobile Device

The specifications for MIDP and CLDC do not define the process of downloading and installing
MIDlets (deployment) onto a mobile device. However, there is an addendum to the MID Profile,
"Over the Air User Initiated

Provisioning Recommended Practice,” X! which, as its name implies, outlines the recommended
practice to deploy MIDlets.

1l OTA— http://java.sun.com/products/midp/OTAProvisioning-1.0.pdf.

The document is not a how-to or requirements specification. Each device manufacturer will design
and implement their own solution. In addition to downloading MIDlets "over the air" (OTA), a
manufacturer may also opt to support installation through a cable connection to a computer, such asa
serial or usb port.

If you would like to learn more about deploying MIDlets, Appendix A takes alook inside the OTA
recommended practice. Also, visit the various device manufacturers websites to learn about their OTA
support.

MIDlet Suite JAD and JAR

A JAD fileis not required to be part of aMIDlet suite. The JAD file simply provides a
means for an applicaton manager to know what is contained in the JAR file. With this
information, the application manager can make decisions about what to download, or not.
For example, if the value of the attribute MIDlet-Jar-Size specifiesa JAR that istoo
large for the device, the application manager can gracefully refuse to load the MIDlet suite.
Thiswould obviously be preferred over simply trying to load each and every MIDlet until a
failure occurs.

Project Management Using Java Packages

A Javapackageis acollection of classes and interfaces. Packages are helpful when your code grows
beyond a few simple files. Examples of packagesin J2ME include javax.microedition.rms for
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managing persistent storage and javax.-microedition. Icdui, which provides user interface
components such as forms and textboxes.

Aswe move forward, it's essential that you understand how Java uses packages to help keep your code
organized. Also, it'sagood time to introduce a better means of keeping track of classfiles; that is,
knowing which class files are produced by the Java compiler and which are the output of the pre-
verifier.

Following, we'll create anew directory hierarchy for our classes and will introduce a package
statement into the Java code.

Create the Directory Structure

1. Makeadirectory for the new project—I used the name We l come Package, which | created
as asubdirectory of c:\midlets.
2. Within this directory, create three new sub-directories:
o0 Jclasses
o pclasses
0 resources

As mentioned previoudly, it isagood idea to place classfiles created by the Java
compiler in a separate location from those that are created during pre-verification—
that's what we've done here. Here's how my system looks:

Chmidlets

WelcomePackage => Java source code,
manifest.txt and jad file

jelasses == Output from the Java compiler
pelasses == Output from pre-verifier
resources == Resource files {images, elc)

Update the Files

1. Copy the Java sourcefiles (Welcome . java and We lcomeBack . java) into the
We lcomePackage directory and add the package statement shown in Examples 4.5 and 4.6
to the top of each file. If you download the source code for this chapter, there will be an
image file that you can copy into the resources directory.

2. Update manifest. txt and the JAD file to reference the new location of the images and the
classfiles.

Example 4.5 Welcome. java

package corej2me;

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

public class Welcome extends MIDIet implements CommandListener
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{
-

Example 4.6 WelcomeBack. java

package corej2me;

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

public class WelcomeBack extends MIDlet implements CommandListener

{
-

Example 4.7 manifest.txt

MIDIet-Name: Welcome Examples

MIDlet-Version: 1.0

MIDIet-Vendor: Core J2ME Technology

MIDlIet-1: Examplel,/resources/spin.png, corej2me.Welcome
MIDlIet-2: Example2,/resources/spin.png, corej2me.WelcomeBack
MicroEdition-Profile: MIDP-1.0

MicroEdition-Configuration: CLDC-1.0

Example 4.8 Welcome. jad

MIDIet-Name: Welcome Examples

MiDlet-Version: 1.0

MIDlIet-Vendor: Core J2ME Technology

MIDlet-Description: Two MIDlets in a suite

MIDlIet-Jar-URL: Welcome.jar

MIDlet-Jar-Size: 2918

MIDlIet-1: Examplel,/resources/spin.png, corej2me.Welcome
MIDlet-2: Example2,/resources/spin.png, corej2me.WelcomeBack

Note the changes to the MIDlet-1 and MIDlet-2. The class files are now referenced using the package
name— corej2me . Welcome and corej2me.WelcomeBack.

If you choose to leave out the images, simply remove the reference as shown below. Any whitespace
between the commas will be ignored.

MIDlet-1: Examplel, ,corej2me.Welcome
MIDlet-2: Example2, ,corej2me.WelcomeBack

Compile and Pre-verify

1. Compile the source:

Javac -bootclasspath c:\j2me\midpl.0.3fcs\classes -d jclasses *._java
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"-d" option tells the compiler to write the classes filesinto the directory that we created,
jclasses.

2. Pre-verify the Javaclassfiles:

preverify -classpath c:\j2me\midpl.0.3fcs\classes; -d pclasses jclasses

"-d" option tells the pre-verifier to store the verified classes in the directory pclasses. The
last entry on the line ("jclasses ") telsthe pre-verifier where to look for classes to verify.

Create the JAR
1. Runthejar executable to create the archivefile:
jJjar cvfm Welcome.jar manifest.txt -C pclasses . resources

ThiscreatesaJAR file called Wellcome . jar, using thefile mani fest. txt asthe contents
of the manifest file (afile called manifest.mf will be stored in the JAR).

"-C pclasses . "tédlsthejar program to change to the pclasses directory and archive
al (".") thefiles. "resources " informsthe jar program to add al the files located in the
directory named resources

At this point, you will have two files:

0 Welcome.jad: Application descriptor file
o Welcome. jar: Javaarchive containing the MIDlets, manifest and the image files

Run the MIDlets

To view your new MIDIets, once again you have two options:
1. Fromthe File System:

midp -classpath pclasses -Xdescriptor Welcome.jad
2. From aWebserver:

Upload the JAR and JAD files to awebserver and change the URL to point to the new
location. For example:

midp —transient http://www.corej2me.com/ch4/Welcome.jad

What Have We Gained

By going through this exercise we've created a system, if you will, for managing our projects. We now
know by looking at the project hierarchy that we can quickly determine what the contents of each
directory are; that is, the whereabouts of the source code, Java classes files, pre-verified class files and
resources (see Figure 4-10).



Figure 4-10. Project hierarchy
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WelcomePackage  => Java source code and manifest.ixt file

jelasses => Output from the Java compiler
lﬁc]uxh'{*.\; == Uull‘nll from Pl‘l_‘.-\'t‘l"i fier
TESONTCes == Resource files

As afurther refinement, you may also find it helpful to further break down the resources directory;
for example, adding subdirectories to organize your image files.

One last note: Refer once again to Figure 4-10 and notice the directory core j2me below jclasses
and pclasses. These directories were created by the Java compiler and the pre-verifier, respectively.
Because we added the statement ' package corej2me 'to our source files, each program created
the directory matching the package name and placed its output in that directory.

Java compiler class files are written to:

c:\midlets\WelcomePackage\jclasses\corej2me

The pre-verified classes file are written to:

c:\midlets\WelcomePackage\pclasses\corej2me

J2ME Wireless Toolkit
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Although it's not particularly difficult to compile, pre-verify and package your MIDlets, you may want
alittle help as your projects grow in size and complexity. Sun created the 2ME Wireless Toolkit
(from here forward, Toolkit) in an effort to help manage J2ME projects.

The project hierarchy that we just created, with the different directories for source, class files and
resources, can be managed by the Toolkit. As we will see, it also includes a GUI interface for making
changes to the manifest file and the Java Application Descriptor file.

In this section, we'll download and install the Toolkit, create a project, specify the manifest and JAD

attributes, and compile and run aMIDlet. Well conclude this chapter by looking at the directory
structure created and managed by the Toolkit.

Download

Following is the web address where you can download the latest version of the 2ME Wireless Toolkit.
[21

) The information presented here pertains to the Wireless Toolkit, Release 1.0.3.

http://java.sun.com/products/j 2mewtoolKit/

JDK Version Requirement

The Wireless Toolkit requires version 1.3 or higher of the JDK. Y ou can determine which
version you have installed by entering "java—version” at a command prompt. If you need to
upgrade your JDK software, you can download version 1.3 at
http://java.sun.com/products/jdk/1.3.

Installation

Run the application that you downloaded to begin the installation. To follow along with the examples
covered here, | recommend you use the default paths when installing the Toolkit.

What is Forte

Forte is a comprehensive development environment that comes in various flavors. Y ou can
download versions for C, C++ and Java, among others. The Java version of Forteis
available in the Community Edition, which isfree, or the Internet Edition. Both include a
source code editor, compiler, debugger and tools to create and deploy your applications.
The Internet Edition adds support for JSP and Servlets, XML, CORBA, RMI, JDBC and
complete version control capabilities.

At one point in the installation, you will be prompted as to whether to install the Toolkit as a stand
alone application or as an integrated tool with Forte. Choose stand alone. Forte is a complete GUI
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development environment available from Sun. Our discussion will apply to using the Toolkit asa
stand alone program (see Figure 4-11).

Figure 4-11. Install the Toolkit as a stand alone application

12ME Wireless Toolkit 1.0.3 Beta Setup

Setup Type
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< Back | MHest = I Cancel

Create a New Project

Oncethe installation is complete, launch the Toolkit. Y ou should see a screen similar to that shown in
Figure 4-12.

Figure 4-12. The main project window of the Toolkit
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Click on New Project and adialog box will appear asin Figure 4-13. Enter the Project Name and
MIDlet Class Name as shown.

Figure 4-13. Creating a new project
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Configure the Project Settings

Once you select Create Project, anew dialog box will appear that will allow you to specify the settings
for the JAD and the manifest file (see Figure 4-14).

Figure 4-14. Choosing the project options

&4l settings for project "Welcome™ e |
i 1| Optional | User Defined | MiDlets |

=1 YWalue
MiDlet-Jar-Size 100
MIDlet-Jar-LIRL Welcome jar
MiDlet-MHarme Welcome
MIDlet-Vendaor Sun Micrasystems
MIDlet-Yersion 1.0
MicroEdition-Configuration CLDC-1.0
MicroEdition-Profile MIDP-1.0

Ok Cancel

Thefirst tab, labeled Required, is a combination of all the attributes that must be defined between the
JAR and manifest file. In the previous chapter we learned that the manifest and JAD files must contain
the following entries:
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Manifest

MIDlet-Name
MIDlet-Version
MIDlet-Vendor

MIDlet-<n> for each MIDlet in the JAR file
MicroEdition-Profile
MicroEdition-Configuration
JAD

MIDlet-Name
MIDlet-Version
MIDlet-Vendor

MIDlet-<n> for each MIDlet
MIDlet-Jar-URL
MIDlet-Jar-Size

The only entry that is not found on the Required tab is MIDlet-<n>. Thisisarequired attribute, yet it
is found on the MIDlets tab, which well visit shortly.

While still on the same dialog box, click on the tab labeled Optional. Here you will see the remainder
of the attributes we covered in Chapter 3, al of which are optional (see Figure 4-15).

Figure 4-15. Optional attributes
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Settings for project “Welcome™ - EI

| User Defined | MiDlets |

Walle

MiDlet-Data-Size
MIDlet-Delete- Canfirm
MIDlet-Description
MIDlet-lcan
MIDIet-Info-URL
MICIet-Install-Motify

ok Cancel

Click on the tab User Defined to add your own attributes. For example, in Figure 4-16 | have added
an attribute Jadfile-Version and assigned it the value 2.0. When you build the project, which we'll do
in aminute, this user-defined attribute (as with all other user-defined attributes) will be inserted into

the JAD file.

Figure 4-16. User-defined attributes

il settings for project "Welcome™ ‘:.;:-“ x|

Reqguired | Optianal USEYDEﬂﬂEdlMIDIEE'

=1 YWalue

Jadfile-Version 2.0

Add Remaove |

Ok | Cancel |

Finally, click on the MIDlets tab. Here is where you add and modify the MIDlet-<n> attributes.
Modify the entries to have the same values as those shown in Figure 4-17.
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Figure 4-17. Configure specific MIDlet attributes
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Notice the Icon and Class entries. In keeping with the same logic of our example in the previous
section, | have used the same directory locations. A MIDlet entry has the following information:

Key: Identifies the MIDIet to the application manager.

Name: The name displayed on the device (by the application manager).

Icon: Optional icon to be displayed next to the name (by the application manager).
Class: The class |oaded by the application manager when the MIDlet is selected.

Write the Code and Build the Project
Let's take aquick look at the directory structure that the Toolkit has created for us (see Figure 4-18).

Figure 4-18. Wireless Toolkit project hierarchy
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Although not identical, this directory structure has a similar look to the hierarchy we created in the
previous section, Project Management Using Java Packages (see Figure 4-10).

\bin => manifest, JAD and JAR files

\classes => class files generated by the Java compiler

\res => any resource files (images, data, etc)

\src => Java source code

\tmpclasses => pre-verified classfiles

We need to make one additional directory in the current project structure. In our last example, we
stored the MIDlet image files in adirectory named resources. Go ahead and add this directory

below the \res directory. The project should now look asin Figure 4-19.

Figure 4-19. Project hierarchy with new subdirector y "resources"
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Find the source file named Welcome.java that you created in the directory /We lcomePackage.
Copy thisfile to the \src directory. Also, copy the image file spin.png to the \res\resources

directory.

Now, wander your way back to the Toolkit and choose the Build option. Thiswill compile the source
code; pre-verify the classes; and create the manifest, JAR and JAD files.

Using Java Packages

Take amoment and page back to Example 4.5. Thisis where we added a package name to the
welcome. java file. If you take one last look at the project structure (see Figure 4-20), you will see
that the Toolkit creates the necessary subdirectories for this package; that is.

Figure 4-20. Package directory names have been inserted by the Toolkit
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\classes\corej2me => class files generated by the Java compiler
\tmpclasses\corej2me => pre-verified class files

Locating the JAR and JAD Files

If you look inside the directory \bin you will see the manifest, JAD and JAR files the Toolkit created
for you. Here are the contents of the manifest and JAD files:

Example 4.9 manifest.mf

MIDlIet-1: Welcome, /resources/spin.png, corej2me.Welcome
MIDlet-Name: Welcome

MIDIet-Vendor: Sun Microsystems

MiDlIet-Version: 1.0

MicroEdition-Configuration: CLDC-1.0
MicroEdition-Profile: MIDP-1.0

Example 4.10 welcome. jad

Jadfile-Version: 2.0

MIDlIet-1: Welcome, /resources/spin.png, corej2me.Welcome
MIDlIet-Jar-Size: 2050

MIDIet-Jar-URL: Welcome. jar

MIDIet-Name: Welcome

MIDIet-Vendor: Sun Microsystems

MiDlIet-Version: 1.0



A couple points of clarification about these files:

e Noticethe entries that were on the "Required" tab of the settings dialog and how they are
written to the correct file.
o Bothfiles: MIDlet-Name, MIDlet-Version, MIDlet-Vendor
o Manifest file: MicroEdition-Profile, MicroEditionConfiguration
o JAD file MIDlet-Jar-Size, MIDlet-Jar-URL
e Theuser-defined attribute JadFile-Version is written to the JAD file.
e TheMIDlet-1 attribute is written to both files.

Configuring the Emulator

When running MIDlets that access the Internet, you may need to go through a proxy server. If so, the
Toolkit allows you to configure the server name and port number. To configure the emulator, select
Preferences from the Edit menu (see Figure 4-21).

Figure 4-21. Configuring the Emulator preferences
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Are you curious about what's going on inside your MIDIlet? Y ou can peer inside by specifying trace
options.

e Trace garbage collection: Each time the garbage collector is run you will see information
about how many objects are on the heap, the size of the largest free object and the amount of
memory allocated to all existing objects.

e Traceclassloading: Each class name will be displayed as it is loaded.

e Trace method calls: All objects and their associated method calls are logged. Be forewarned,
thisrequires agreat deal of system overhead, and accordingly, generates alot of output.

e Display exceptions: All caught and uncaught exceptions are displayed.
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Toolkit Summary

The Wireless toolkit can be very helpful for providing project management and minimal debugging
(tracing) support. In addition, changes to the manifest and JAD files can be done through an intuitive
GUI interface. It may be more a matter of personal preference as to whether the command line or
Toolkit approach is better.

Asfar as "integrated devel opment environments" (programs that offer source code editing, line-by-
line debugging, "wizards" to speed application development, team development features, etc.) we
briefly mentioned Forte, which can be used as an IDE along with the Wireless Toolkit. Severa other
IDEs that directly target development using MIDP and CLDC are available from third-party vendors.
No doubt, as time passes and the technology progresses, so will the availability and sophistication of
the devel opment tools.
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Chapter 5. BASICS OF MIDLETS AND THE DISPLAY
Topicsin this Chapter

MIDlet
MIDletStateChangeException
Display

Displayable

With the framework in place for the compiling, pre-verifying and running of MIDIets, let's start the
journey to learn the Mobile Information Device Profile API. This chapter will introduce our first four
classes, MIDlet, MIDletStateException, Display and Displayable

MIDlet

A MIDlet is an application that is built upon the MIDI et class. The application manager
communicates with a MIDlet through methods in this class. This communication is a two-way street.
As an example, just as the application manager can pause aMIDlet (e.g., to allow a user to answer an
incoming phone cal), aMIDlet can make a request to be paused (and later restarted).

MIDlet Lifecycle

A MIDIet goes through several phases as part of its lifecycle and is always considered to be in one of
three states:

e Paused: A MIDIet is placed in the paused state after the constructor has been called, but prior
to being started by the application manager. Once the MIDIlet has been started, it may
alternate between the Paused and Active states any number of times during its lifecycle.

e Active: The MIDIet isrunning.

e Destroyed: The MIDlet has released any resources it acquired, and has been shut down by the
application manager.

WEe'll see more about state transitions in an example shown later.

Creating a MIDlet

We create a MIDlet by extending the MIDI et class. Thisclassis abstract and includes three abstract
methods, startApp(), destroyApp(), and pauseApp (). Well talk about abstract classes and
methods shortly.

Following is the shell of aMIDIet. It includes all the methods required by theMIDI et class.

public class Shell extends MIDlet

{
// This method (constructor) is NOT required

public Shell()
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{
}

// Called by application manager to start the MIDlet
public void startApp(Q

{

}

// Called by application manager before pausing the MIDlet
public void pauseApp(Q)

{

}

// Called by application manager to prior to shutdown
public void destroyApp(boolean unconditional)

{
}
}
MIDlet API
Table 5.1. MIDlet Class: javax.microedition.midlet.MIDlet
Method \ Description
Communication from application manager to MIDlet
abstract void destroyApp (boolean MIDlet is about to be shut down
unconditional)
abstract void pauseApp() MIDlet is about to be placed into paused state
abstract void startApp() 'MIDlet has been placed into active state
Communication from M1DIet to application manager
final void notifyDestroyed() MIDlet is requesting to be shut down
fina void notifyPaused() MIDlet is requesting to be paused
final void resumeRequest() MIDlet is requesting to become active (after being
paused)
Attribute request from MIDlet to application manager

ffinal String getAppProperty (String key) Get attributes from JAR and/or JAD files

Communication from Application Manager

When aMIDlet is about to be placed into the active state, the application manager will call
startApp(). This method may be called many times throughout the lifecycle of a MIDIet.
Therefore, it'simportant to think carefully about what you place inside this method. For example, code
that needs to persist across the lifetime of the MIDlet should be allocated once, inside the constructor,
not here, where it maybe run multiple times.

In many cases this method does little more than request aDisplayable object (we'll cover more on
this shortly) be made visible;

public void startApp(Q)

// Make the main form visible
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display.setCurrent(fmMain);
}

pauseApp () isanatification that the MIDlet is about to be placed into the paused state. The
intention is that the MIDlet will free as many resources as possible.

destroyApp() signalsthe MIDlet that it is about to be shut down. Any resources that are still in use
by the MIDlet need to be released at thistime. This method can aso be called by the MIDlet itself to
begin shutdown; for example, when a user requests to exit the application. See noti fyDestroyed()
later.

Communication to Application Manager

When aMIDlet needs to shut itself down, (e.g., if auser opted to exit the MIDlet), the method
notifyDestroyed() can be caled to signal the application manager of the request.

A typical sequence may go asfollows:

e  User requeststo exit
e Cadl destroyApp() to clean up any resources
e Cdl notifyDestroyed() totell application manager it is safe to shut down the MIDlet

It isimportant to note that before calling noti fyDestroyed(), the MIDIet isresponsible for
releasing any resources.

If aMIDlet would like to be placed into the paused state, notifyPaused () will send the request to
the application manager.

Once paused, resumeRequest() tellsthe application manager that the MIDlet is ready to be active
once again.

Query MIDlet Attributes

getAppProperty() can request the application manager to query for various attributes from the
JAD file (Table 3.2) and the manifest file (stored in the JAR) (Table 3.1) aswell as any user-defined
attributes.

The following code isa partial listing of how you might call this method.

System.out.printIn(*'Vendor: " +
getAppProperty(""MIDlet-Vendor™));

System.out.printIn(*'Description: " +
getAppProperty("MIDlet-Description'™));

System.out._printIn(*’"MIDlet-Data-Size: " +
getAppProperty(""MIDlet-Data-Size'));

Access to these attributes is one way in which a MIDlet suite can pass parameters to your MIDlet. See
Chapter 3, Example 3.3, which shows how to query attributes and print the results to the console.

Example: Following State Transitions
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We can watch aMIDlet go through several state transitions by printing messages inside the methods
that are called whenever a state change takes place (see Example 5.1).

Example 5.1 StateTransitions. java

import javax.microedition.midlet.*;

public class StateTransitions extends MIDlet

{
public StateTransitions()
{
System.out.printIn(*'Inside constructor()');
}
// A required method
// Called by application manager to start the MIDlet
public void startApp(Q
{
System.out.printIn(*Inside startApp()™);
¥
// A required method
// Called by application manager before pausing the MIDlet
public void pauseApp(Q)
{
System.out.printIn("Inside pauseApp()'™);
3
// A required method
// Called by application manager to prior to shutdown
public void destroyApp(boolean unconditional)
{
System.out.printIn("'Inside destroyApp(Q'™);
}
¥

This MIDlet does little more than show a brief message as it changes state (see Figure 5-1). Notice the
messages as the MIDlet constructor is called, followed by startApp(), and ending with
destroyApp() oncethe MIDlet is about to be shut down.

Figure 5-1. Displaying state transitions of a MIDlet

Select D3 WINNT System 32 .cmd.exe

M s

One clarification isin order. A moment ago | mentioned that a MIDlet is placed in the Paused state
after the constructor is called. However, from the output of this program, you'll notice the Paused
method is never invoked. So why isthis? Y ou can think of it thisway: The program must be placed
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into some state when it is loaded into memory. Thiswill always be the Paused state. Since thisis done
internally by the application manager, it is not necessary to call pauseApp (). Rest assured, al future
requests by the application manager to pause the MIDlet will go through pauseApp() -

Here is one more point of interest. Earlier | mentioned that start—App(), pauseApp() and
destroyApp() are al abstract methods inside the classMIDlet. When we declare aMIDlet using
"extends'

public class TestMIDlet extends MIDlet

and do not specify the class as abstract, we agree to implement all abstract methods, even if the body
of the methods contains no code. Our agreement is based on the definition of an abstract class'method
in the Java language. See the Sidebar "Inside Abstract Classes and Methods' for more information.

MIDletStateChangeException

During the course of aMIDlet's lifecycle, if an error occurs when changing states, this exception is
thrown. Two methods within the MID I et class can aso throw MIDletStateChangeException:
destroyApp() and startApp().

Quick Review: Inside Abstract Classes and Methods

Using the keyword abstract in a method declaration (public abstract void
pauseApp()) indicates that the method has no implementation inside the class in which
the method is declared. Rather, it is up to a subclass to provide the method body. The only
exception is, if asubclass is declared as an abstract class, then the body of an abstract
method can be deferred even further, to a subclass of that class. Once you define a method
as abstract, the classitself must be declared abstract.

So why use an abstract class? The short answer is, the ability to encapsulate what we
consider common functionality for all subclasses. For example, the MIDlet classis declared
as abstract:

public abstract class MIDlet {

protected abstract void startApp()
throws MIDlIetStateChangeException;
protected abstract void pauseApp();
protected abstract void destroyApp(boolean
unconditional) throws
MiIDIetStateChangeException;

}

With this definition, we know that any subclass of a MIDIet will provide an implementation
of these three methods. The only exception is that, if a subclassis declared as abstract, then
these methods may be deferred to a subclass further down the hierarchy.
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S0 as an application developer, when would you throw such an exception? Here's a possible scenario:
When a user requests to exit aMIDlet, in most cases, the application manager will immediately try to
shut down the MIDlet. However, what if aMIDlet is receiving data over a network connection? It
would be much preferred to finish receiving the data before being shut down.

We can throw this exception, in essence, requesting the application manager to let us continue.
Example 5.2 shows how to throw and catch this exception.

Table 5.2. MIDletStateChangeException Class: javax.microedition.
midlet.MIDletStateChangeException

Constructor Description
M1 DletStateChangeException() Create exception object with no text
M1 DletStateChangeException(String s) Create exception object with text

MIDletStateChangeException API

There are two constructors for creating this exception, one with and one without a text message. (see
Table5.2).

Example: Throwing an Exception

Let'slook at example where we will both throw and catch this exception. The MIDlet below will
display a Form with a simple message and a Command (button) labeled "Exit."

Command versus Button

A Command is an object that holds information about an action, such as a user requesting to
exit aMIDlet. Figure 52 shows a Command with the label "Exit" that is mapped to the
button directly below the label. Aswell see in the Chapter 6 when we discuss event
processing, Commands are not always shown on the display next to a button. However, asit
applies to this chapter, whenever we use the term Command, it is sufficient to think of it asa
button on adevice.

Figure 5-2. Throwing and catching MIDIletStateChangeException
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As stated earlier, when auser requests to exit aMIDlet, the application manager will attempt to
immediately stop the MIDlet. This example throws and catches the
MIDIetStateChangeException. Doing so will give our MIDlet another chance to wrap up any
ongoing activity, such as completing a download of data. Our example will go like this: The first time
the user presses the Exit button, we will call:

destroyApp(false);

By passing in false, we are informing the method that thisis not an unconditional exit.
destroyApp() will throw aMIDletStateChangeException, requesting that we not be
shutdown. We will catch this exception inside commandAction() and set aflag indicating that the
next time the Exit button is pressed we will be ready to exit. The MIDIlet will then continue running or,
using our analogy, continue downloading data until the user once again requests to exit.

Example 5.2 TestException. java

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

public class TestException extends MIDlet implements CommandListener

{
private Display display // Reference to Display
object
private Form fmMain; // A form
private Command cmEXit; // A button to exit the MIDlet

private boolean safeToExit = false; // Is it safe to exit?

// MIDlet constructor
public TestException()

{
display = Display.getDisplay(this);

cmExit = new Command(Exit", Command.SCREEN, 1);
fmMain = new Form(*'Test Exception™);
fmMain.addCommand(cmExit);
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fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q

{
display.setCurrent(fmMain);

}

// We are about to be placed in the Paused state
public void pauseApp(Q)

{

}

// We are about to enter the Destroyed state
public void destroyApp(boolean unconditional) throws
MIDIetStateChangeException
{
System.out._printIn(*'Inside destroyApp()™);
// If we do not need to unconditionally exit
if (unconditional == false)
{
System.out.printIn("'Requesting not to be shutdown'™);
throw new MIDletStateChangeException(*'‘Please don*"t
shut me down.'™);
3

// Check to see if the Exit command was selected
public void commandAction(Command c, Displayable s)

{
if (c == cmExit)
{
try
{
// Are we ready to exit yet?
if (safeToExit == fTalse)
destroyApp(false);
else
destroyApp(true);
notifyDestroyed();
}
}
catch (MIDletStateChangeException excep)
safeToExit = true; // Next time, let"s exit
System.out.printlIn(excep.getMessage());
System.out.printIn("'Resuming the Active state');
}
}
}

}

Don't worry if feel you've missed the boat when looking at the code and reading the description that
follows. We have yet to cover all the classes. However, we'll give you enough information to get you
through this example.



This MIDlet hasaForm and a Command (button) that will make up the user interface. To access these
objects, we need to add an import statement:

import javax.microedition.lcdui.*;
Our class declaration has also been modified with an "implements” clause:

public class TestException extends MIDlet implements CommandListener

Because we will add a Command to the device display, we need some way to interact with that
Command. CommandListener isjust part of the interaction. Well get to the rest in a moment.

private Form fmMain; // A form
private Command cmEXit; // A button to exit the MIDlet
private boolean safeToExit = false; // Is it safe to exit

fmMain and cmExi t declare objects that will appear on the display of the device. safeToExitisa
flag indicating whether or not we are willing to shut down the MIDlet.

The MIDlet constructor, TestException(), gets areference to the display and a so creates a new
Command (our Exit button) and anew Form:

fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

The first line above adds (associates) the "Exit" Command to the Form. The second line creates a
listener to facilitate event handling. When an event occurs (such as a user pressing the "Exit" button),
the method commandAction() iscalled.

public void commandAction(Command c, Displayable s)
{
if (c == cmExit)
{
try
{
// Are we ready to exit yet?
iT (safeToExit == false)

destroyApp(false);
else
destroyApp(true);
notifyDestroyed();
}
}
catch (MIDletStateChangeException excep)
{
safeToExit = true; // Next time, let"s exit
System.out.printlIn(excep.getMessage());
System.out._printIn(‘'Resuming the Active state');
}
}
}
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Thefirst check inside this method isto seeif the event that was captured is from the "Exit" Command.
If yes, we check the safeToExi t variableto seeif it set to false. If so, we call
destroyApp(false).

Inside destroyApp () will throw an exception if the value passed in is fal se. Thisexceptionis
then caught inside in the commandAction() method. We will set the safeToExit variableto
true, and the MIDlet will continue running.

The next time the Exit Command is requested, safeToExi t will be true and welll call
destroyApp(true). Passing in true signalsthat thisis an unconditional exit; that is, the MIDl et
will be shut down upon exiting destoyApp (), no questions asked.

Figure 5-2 shows the messages written to the consol e after selecting Exit Command once. The second
time the Exit Command is requested, the MIDlet will be shut down.

Display

Each MIDlet has areferenceto one Display object. This object can retrieve information about the
current display (e.g., the range of colors supported) and includes methods for requesting that objects
(Forms, TextBoxes, €tc.) be displayed. The Display object is best thought of as the manager of
the display controlling what is shown on the device and when.

Although thereisonly one Display object per MIDlet, there may be many objects within aMIDlet
that may be displayable— Forms, TextBoxes, ChoiceGroups, and so forth. Well cover thisidea
when we discuss the Disp layab I e object in the next section.

Creating a Display Object

A Display object is made available to aMIDlet through a call to a static method declared inside the
Display class. Thisreference is often held for the lifetime of the MIDlet in avariable, as shown here.

public class DisplayStats extends MIDlet
{
private Display display; // Reference to Display object

// MIDlet constructor
public DisplayStats()
{
display = Display.getDisplay(this);
}

,
Display API

The methods for getting and setting the current Displayab I e will make more sense near the end of
this chapter when we introduce the Displayabl e class. Here's the genera idea: displayable
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components are those that have a visual appearance on adevice (aForm, TextBox, Canvas, €ic.).
Each isasubclass of Displayable. The methods getCurrent() and setCurrent() are usedto
move between various displayable components.

Table 5.3. Display Class: javax.microedition.lcdui.Display

| Method | Description

\static Display getDisplay(MIDlet m) |Get Display object for this MIDlet

Displayable getCurrent() Get current Displayable object

void setCurrent(Alert dert, Displayable Show an Alert followed by the specified

nextDisplayable) Displayable object

void setCurrent(Displayable nextDisplayable) Show a new Displayable object

boolean isColor () Does the device support color?

int numColor () How many colors (or shades of gray) are
available?

void callSerially(Runnabler) Request a runnable object be called after
repainting

Example: Getting Device Information

Example 5.3 uses two methods inside the Disp lay class to report information about color support on
adevice.

Although we have yet to introduce the Al ert class, I've opted to show an example of the method
setCurrent(Alert, Displayable) from Table 5.3. Don't worry about the specifics of the
Alert at this point. You can look ahead to Chapter 8 if you are curious about any of the parameters
passed to the Alert object. In asentence, an Alert isadiaog box that displays a text message
along with an (optional) image. The output for this exampleis shown in Figure 5-3.

Figure 5-3. An Alert dialog and writing to the console the number of colors supported
on the device

C:core_jZmesbookexanplesschSsdispla
Dizplay does support Color
Mumber of colors: 256

This alert screen
will e followed

67



Example 5.3 DisplayStats. java

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

public class DisplayStats extends MIDlet implements CommandListener

{
private Display display; // Reference to Display object
private Form fmMain; // A form
private Alert alTest; // An Alert
private Command cmEXit; // A button to exit the MIDlet

// MIDlet constructor
public DisplayStats()

{
display = Display.getDisplay(this);

cmExit = new Command(Exit", Command.SCREEN, 1);
fmMain = new Form(*'Welcome');
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);
System.out.printIn(‘'Display " + (display.isColor() ?
"does" : ""does not') + " support Color™);
System.out.printIn(*'Number of colors: "™ + display.numColors());

}

// Called by application manager to start the MIDlet.
public void startApp(Q)
{
alTest = new Alert("Alert”, "This alert screen
will be followed by the main form”, null, null);
alTest.setTimeout(Alert.FOREVER);
display.setCurrent(alTest, fmMain);

// We are about to be placed in the Paused state
public void pauseApp(Q)

{

}

// We are about to enter the Destroyed state
public void destroyApp(boolean unconditional)
{
}

// Check to see if the Exit command was selected
public void commandAction(Command c, Displayable s)

if (c == cmExit)

destroyApp(true);
notifyDestroyed();
}
}
}
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Even if you don't understand each line, the majority of the code should look familiar to that of the
previous example. | have added a declaration for the Al ert near the top of thefile. Also, the
following code creates the new Alert object and sets the timeout value to FOREVER, meaning this
Alert will be on the display until the user selects the "Done" Command. Such a display is often
referred to as modal.

alTest = new Alert("Alert”, "This alert screen will be
followed by the main form'™, null, null);
alTest.setTimeout(Alert.FOREVER);

With one call, we notify the application manager to display the Alert wejust defined, and once
dismissed, display our main Form, fmMain:

display.setCurrent(alTest, fmMain);

Displayable

As mentioned in the previous section, there isonly one Displlay object per MIDlet. However, a
Display can show any number of Displayable objects. Asthe nameimplies, aDisplayable
object can be viewed on adevice. The MIDP includes two subclasses of Displayable: Screen and
Canvas. Here are afew class definitions to help clarify:

abstract public class Displayable
public abstract class Canvas extends Displayable
public abstract class Screen extends Displayable

Objectsthat subclass Screen (Textbox, List, Form and Alert) areal high-level user interface
components, as their implementation and presentation on the device are handled for you. The Canvas
object is used for custom graphics and low-level event handling, such as when writing games, and
requires a little more finesse on your part to update the display.

Creating Displayable Object

We don't create Displayabl e objects directly; instead, we reference subclasses of Displayable.
For example, as you saw earlier, Screen and Canvas extend the Displayable class. Thus, we can
extend either of these classes, which in turn gives us access to the Di splayab I e methods.

Here are three general ways which thisis done:
1. Extend the Canvas class directly:

public class GameScreen extends Canvas

{
}

draw images, shapes, text ..

2. Usesubclasses of Screen:
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MIDP includes several components that are subclasses of Screen: these include TextBox,
List, Form and Alert. Using these classes you don't need to subclass Screen directly. For
example, here are afew linesto create aForm and TextBox.

private Form fmMain;
private TextBox tbMessage;

fmMain = new Form("'Test Exception™);
tbMessage = new TextBox("'Title', "Contents", 25, TextField.ANY);

3. Extend Form, TextBox, List or Alert:

Often times it makes the most sense to extend these classes to encapsulate functionality. For
example, in Chapter 12 we will createaTo Do list MIDlet with severa different
"screens’ the user will see, each a subclass of Form:

// Get user preferences
public class FormPrefs extends Form implements CommandListener

// Add a new todo item
public class FormAdd extends Form implements CommandListener

Extending the Form class and implementing the CommandL i stener interface allows each
of the aforementioned forms to manage its own events, resulting in a much more consist and
manageabl e application.

Displayable API

Through the API we can add and remove Commands and I isteners. Given that we've touched
upon neither, here's the two-minute elevator pitch.

Commands are available to provide a means for user interaction. Aswe saw in Example 5.2, a
Command was added to a Form to provide away for a user to exit the MIDlet.

cmExit = new Command(“Exit",Command.SCREEN, 1); // Create command

fmMain = new Form(*'Test Exception™); // Create form
fmMain.addCommand(cmExit); // Add command to form
fmMain.setCommandListener(this); // Listen for events

Table 5.4. Displayable Class: javax.microedition.lcdui.Displayable

| Method | Description

\void addCommand(Command cmd) /Add Command to Displayable object

void removeCommand(Command cmd) Remove Command from Displayable object
void sstCommandL istener (CommandListener I) |Add CommandListener to Displayable object
boolean isShown() Isthe Displayable object visible on the screen?

Listeners are used in conjunction with a Command to "listen” for events. Once an event occurs, the
listener will call the method commandAction(). Within this method, we can determine which
Command initiated the event and proceed accordingly. We will cover the details of Commands

Chapter 6.
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public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(true);
notifyDestroyed();
}
}
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Chapter 6. EVENT HANDLING

Topicsin this Chapter

The Big Picture
Command Objects

Item Objects
Command and CommandL.istener
Item and ItemStatel istener

Event processing is essential to most every MIDIet. It's hard to imagine an application where thereis
Nno user interaction whatsoever, even if thisinteraction is as smple as requesting to start or stop a
MIDlet. Learning the classes that facilitate event processing is the goal of this chapter. We'll discuss
only those events that apply to high-level user interface components. Low-level event handling
(including key codes, game actions, and pointer events) will be addressed in Chapter 9 when we
introduce the Canvas class.

The Big Picture

To greatly oversimplify, event handling is nothing more than recognizing when an event occurs and
taking an action based on that event. For example, recognizing that a help button has been pressed and
displaying a help message. To break this down to the lowest level, there are three key steps to
successfully managing an event.

1. The hardware (the physical device itself) must recognize that something has occurred: a
button has been pressed, a button has been released, an adapter has been plugged in, an
adapter has been removed. Y ou get the picture.

The software on the device (the application manager) needs to be notified of the event.
Thisisthe point where we come into the picture as a MIDlet developer. A message from the
application manager will be sent to the MIDIet. This message will contain information about
the event so we can make decisions as to how to proceed (e.g., the event may be arequest to
show a help message on the display).

wnN

Before aMIDlet can recognize a message from the application manager about an event, it must set up
what werefer to as a"listener.” There are two "listener”interfaces available in the MID Profile;
CommandListener and ItemStatelListener.

When you want to process events, you will need a class that implements one or both of these
interfaces. As part of the class that implements the interface(s), you will write the method(s)
commandAction() and/or i temStateChanged(). Thisiswhere you place the code to decipher
what event occurred and how you would like to handle the event.

Quick Review: What is an Interface?

In Java, an interface is a class that defines a set of methods, and optionally, one or more
constant declarations. An interface does not include the implementation of anv of the
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methods in the class. When a class implements an interface, the class must contain al the
methods defined in the interface. For example, when you create a MIDl et that implements
the CommandL i stener interface, your class must have a method called
commandAction() (which happens to be the only method defined in the

CommandL istener interface).

Before we talk any further about listeners, we need to introduce two new objects: Command and Item.

Command Objects

A Command is an object that holds information about an event. The simplest way to think of a
Command is as a"button," something that you press or select. Figure 61 shows a Command with the
label "Exit." This Command is associated with the button directly below it on the device.

Figure 6-1. A Command mapped to a "generic" soft-button

Thisidea, that aCommand isabutton, isagood starting point. However, because of limited screen
space and the differences in availability of buttons on a device, it's not always that simple. We will
explore this further as we delve into this chapter.

Soft-Buttons and Keys

To keep the terminology consistent, | use the word "key(s)" when referencing the
numberg/letters on a cellular phone or the a phanumeric/ symbols on a pager. A button(s)
will refer to all other options on the device, such as a power on/off button, menu button, or
help button. The latter are often referred to as soft-buttons.

Processing events requires alittle legwork up front. Here are the steps:
1. Create aCommand object to hold information about an event.

2. AddtheCommand to aForm, Textbox, List or Canvas.
3. Adda"listener" to the above Form, Textbox, and so forth.
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Upon detection of an event the "listener” will be called (sent a message). The end result isa call to the
method commandAction(). Within this method you can determine what Command initiated the
action and process the event accordingly.

Here are afew lines of code to allocate a Form add a Command to the Form and create a"listener" to
detect events.

private Form fmMain; // A Form

private Command cmEXit; // A Command to exit the MIDlet
fmMain = new Form(*'Core J2ME™); // Form object

cmExit = new Command("Exit", Command.EXIT, 1); // Command object
fmMain.addCommand(cmExit); // Add Command to Form
fmMain.setCommandListener(this); // Listen for Form events

public void commandAction(Command c, Displayable s)

{
iT (c == cmExit)

{
destroyApp(true);

notifyDestroyed();
}

}

Iltem Objects

A second type of event handling is done through an Item. An Item isany component that can be
added to aForm. ChoiceGroup, DateField, Gauge and TextField are all subclasses of 1tem
and each can process events. | tems are accessible only as part of a Form, whereas Commands are
availableon Forms, aswell asaTextbox, List, or Canvas.

Once you add an I tem to aForm, aswith Commands, you must add a listener. Once there is a change
to an Item (e.g., aGauge has been incremented or aDateField has been changed), the listener
object will be notified (sent a message). Think of this message as a call to the method

i temStateChanged(). This method can decipher what Item was modified and process the change
as necessary.

Note

Stringltemand Imageltem are also subclasses of 1tem . However, once
allocated, these objects are static and thus do not receive/acknowledge events.
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Shown next isasmall piece of codeto create aForm, append aDate Field, and create a"listener”
for event handling.

private Form fmMain; // A Form
private DateField dfToday; // A DateField
fmMain = new Form(*'Core J2ME™); // Form object

dfToday = new DateField(""'Today:", DateField.DATE); // DateField
faMain.append(dfToday); // Add DateField to Form

fmMain.setltemStatelListener(this); // Listen for events

public void itemStateChanged(ltem item)

{
// 1T the datefield initiated this event..
it (item == dfToday)

3

Note

We will discuss Textbox , List, Form, Canvas, Alert, Choice Group,
DateField, Gauge, Imageltem, Stringltemand TextFieldin
upcoming chapters.

Command and CommandListener

When creating a new Command object to hold event information, there are three parameters: the label,
type and priority. Using the following Command declaration, let's ook at each parameter in detail.

cmHelp = new Command("Help", Command.HELF, 1);

label type priority

1. Label: This specifiesthe text that you would like to associate with the Command. The label
may be shown directly on the screen or displayed inside a menu.

Figures 6-1 shows a Command with the label "Exit." The Command is mapped to the soft-
button shown directly below the label.
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Figure 6-2 shows two Commands, with the labels "Upload" and "Download" placed inside a
menu.

Figure 6-2. Commands available in a menu

2. Type: If at al possible, we'd like to directly map Commands to relevant soft-buttons on a
device. For example, if adevice has a soft-button labeled "Help" it would be very intuitive for
the user if there was a Command mapped to that soft-button to display a help message (see
Figure 6-3).

Figure 6-3. This device has a soft-button specifically intended to display help

We specify our intent to map a Command to a specific softbutton using this parameter. For
example, with the line of code shown above, we are specifying the intent of this Command to
display help information.

Note
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action when the user initiates the event. That is, no help information will be
displayed simply because we created a Command with that intent. Regardless of
the type you specify, you are still responsible for writing the code to carry out the
action.

Q Soecifying the type of Command (e .g., Command . HELP ) does not perform any

The available types for this parameter are shown in Table 6.1.

Table 6.1. Command Types: javax.microedition.lcdui.Command

Value Description

BACK |A reguest to move to the previous screen.

CANCEL |A request to cancel an operation. For example, when showing a screen to prompt
for aweb address, you may have both OK and CANCEL as options on the
screen.

EXIT A request to exit the MIDIet.

HELP  |A request to display help information.

ITEM A request to map the Command to an “item" on the screen. For example, when
using a L i st component, you can mimic the functionality of a context-sensitive
menu by mapping Commands to the various entriesin the List.

OK Specify positive acknowledgement from a user. For example, after downloading
data, you may present a screen that says "Download Complete” with a Command
of thistype and alabel "OK."

SCREEN |For Commands inwhich it is unlikely there will be a specific key mapping
available. For example, you might have Commands to initiate uploading and
downloading of data. The labels "Upload" and "Download" will not have direct
key mapping on adevice.

STOP  |A request to stop an operation. For example, if downloading data, this option
may be available so a user can end the download without having to wait for the
operation to complete.

3. Priority: Inréation to other Commands you define, this value represents where this
Command falsin theline of priority. The higher the number, the lower the priority. These
values may be helpful for the application manager when arranging items that appear in a
menu or for ordering of soft-buttons on the display.

Aswith the type, the priority is only arequest from you as a devel oper. The actual key
mapping and priority assigned will be decided and handled by the device.

Command and CommandListener API

Table 6.2. Command Class: javax.microedition.lcdui.Command

| Method | Description
\Constr uctor \

Command (String label, int commandType, int priority) Create anew Command
M ethods
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int getCommandType() Get type assigned to Command

String getL abel() Get label assigned to Command
int getPriority() Get priority assigned to Command
Table 6.3. CommandListener Interface: javax.microedition.lcdui. CommandListener
Method Description
void commandAction (Command c, Called when the Command "c¢" on the Displayable "d"
Displayable d) initiates an event

Example: Accessing Commands through Button or Menu

Previoudly it was mentioned that the easiest way to think of aCommand is as a button on adevice.
Example 6.1 illustrates that it is not always quite that smple.

Example 6.1 AccessingCommands. java

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

public class AccessingCommands extends MIDlIet implements
CommandListener

{

private Display display; // Reference to Display
private Form fmMain; // A Form
private Command cmEXit; // A Command to exit the MIDlet

public AccessingCommands()

{
display = Display.getDisplay(this);

cmExit = new Command("Exit', Command.EXIT, 1);
fmMain = new Form(*'Core J2ME™);
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q)

{

display.setCurrent(fmMain);

}
public void pauseApp()
{3}

public void destroyApp(boolean unconditional)

{3}

// Check to see if our Exit command was selected
public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();
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}
}
}

Inside the constructor we create Command and Form objects, add the Command to the Form and set a
"listener."

cmExit = new Command("Exit", Command.EXIT, 1);
fmMain = new Form(*'Core J2ME™);
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

When the user interacts with the Form, such as pressing a button, the method commandAction() is
called. We know from our previous discussion that this event started at the hardware level, worked its
way through the application manager and finally arrived here.

public void commandAction(Command c, Displayable s)

{
ifT (c == cmExit)
{
destroyApp(false);

notifyDestroyed();

}
}

We check to see if the Command that was selected by the user (the value passed in as parameter "c")
was the Exit Command. If so, we call destroyApp() to clean up any resources we acquired and
follow thiswith acall to notifyDestroyed() to tell the application manager it is safe to shut down
this MIDlet.

There should be no surprisesin the output shown in Figure 6-4. The Form displays the title "Core
J2ME" and the Command "Exit" is above a soft-button on the device. Pressing the button exits the
MIDlet.

Figure 6-4. Accessing the Exit Command with a soft-button
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Now, let'stake alook at the same MIDlet when run inside awirel ess handheld emulator (see Figure 6—
5).

Figure 6-5. Exit Command not available through a soft-button (Blackberry wireless
handle screen-shots courtesy Research in Motion Limited.)

BLACKBERRY

What happed to the "Exit" Command ? To exit the MIDlet, you need to enable the menu by selecting
the button on the middle right. Once the menu appears, select the active menu item with the button on
the upper right (see Figure 6-6).

Figure 6-6. Exit Command must be accessed using a menu (Blackberry wireless
handle screen-shots courtesy Research in Motion Limited.)
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BLACKBERRY

Aswe mentioned back in Chapter 3, one of the objectives of MIDP is to support awide range of
devices with differences not only in processing power and memory, but also in size and hardware
configuration. This MIDlet is agood example asit will run on two different devices with two different
interfaces. Although the end result is the same, the handheld device placed the Exit Command on a
menu, whereas the cellular phone mapped the same Command to a soft-button.

To complete that thought, the actual implementation of the Command is not defined by the API, only
the characteristics and functionality. Put another way, how a Command is presented on the display,
and whether it is mapped to akey or placed in amenu, is up to the device manufacturer.

Example: Mapping Command to Buttons

In the previous example, the handheld device placed our exit Command in amenu. Let's take alook at
Example 6.2, where a device maps a Command to a specific soft-button.

Version 1.0.3 of Sun's 2ME Wireless Toolkit (see Chapter 4) supports six
emulators:

Table 6.4. Wireless Toolkit Emulators
Keyword Description
DefaultColorPhone 256 colors, 96 x 128 pixels, ITU ! keyboard

DefaultGrayPhone |256 shades of black and white, 96 x 128 pixels,
ITU™ keyboard

81



MinimumPhone  |Black and white, 96 x 54 pixels, ITU™ keyboard

Motorola i85s Motorolai85s

RIM-Blackberry-  |RIM Blackberry wireless handheld

957

PalmOS _Device Handheld devices running Palm OS version 3.5 or
higher @

To preview your MIDlet, run the following from the command line in the
directory that contains the JAD file:

c:\j2mewtk\bin\emulator -Xdescriptor:your.jad
-Xdevice:emulator -classpath .

Replace emulator with one of the keywords from Table 6.4, and change your .jad
to the name of the Java application descriptor file that references your MIDlet.

Y ou may need to change the path to the 2ME Wireless Toolkit, depending on
your installation. The classpath may also need to be changed (from ".") to the
location of the preverified classfiles.

Onefina clarification: The aforementioned emulators require you to preview
using aJAD file. Thus, you will need to create a JAR file that holds your MIDlet
classes and also include areference to the JAR inside the JAD file. See Chapter 4
for more information about how to create these files.

M TU is the "classic” phone keypad: numbers 0-9, * and #.

2) palm OS Emulator (POSE) and ROM image are required.
http://www.palmos.com/dev/tech/tools/emulator/

Example 6.2 MappingCommands. java

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

public class MappingCommands extends MIDlIet implements

CommandListener
{
private Display display; // Reference to Display
private Form fmMain; // The main Form
private TextBox tbHelp; // Textbox to display a help message
private Command cmEXit; // Exit the MIDlet
private Command cmHelp; // Ask for Help
private Command cmBack ; // Go "back' to main form

public MappingCommands()

{
display = Display.getDisplay(this);

cmHelp = new Command(*‘Help', Command.HELP, 1);
cmBack = new Command(*'Back', Command.BACK, 1);
cmExit = new Command("Exit', Command.EXIT, 1);
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// Create the Form, add Commands, listen for events
fmMain = new Form(*'Core J2ME™);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmHelp) ;
fmMain.setCommandListener(this);

// Create the help Textbox with a maximum of 25 characters
tbHelp = new TextBox(‘''Help', ""Help text here...", 25, 0);
tbHelp.addCommand(cmBack) ;
tbHelp.setCommandListener(this);

}

// Called by application manager to start the MiIDlet.
public void startApp(Q

{
display.setCurrent(fmMain);

}
public void pauseApp(Q)
{3}

public void destroyApp(boolean unconditional)

{3}

// Process events
public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();

else if (c == cmHelp)
display.setCurrent(tbHelp);

else if (c == cmBack)
display.setCurrent(fmMain);
}

}
There are several additional components added to this MIDIet:

TextBox tbHelp; // Textbox to display a help message
Command cmHelp; // Ask for Help
Command cmBack ; // Go "back'™ to main Form (from Help)

Let's see how the "traditional" cellular device displaysthe MIDlet. In Figure 6-7, the screen shot on
the left isthe main Form, with the Exit and Help Commands. When you press the Help button, the
Textbox appears as shown by the screen shot on the right.

Figure 6-7. Commands Exit and Back mapped to soft buttons
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Y ou can follow the logic of this MIDIet by looking at the commandAction() method:

public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();

else if (c == cmHelp)
display.setCurrent(tbHelp);
else if (c == cmBack)
display.setCurrent(fmMain);
}

Depending on what button was pressed, we either change the current display to show the help
TextBox, or we exit the MIDIet. Now, let's see how a different mobile device, with limited screen
size, handles the same MIDlet (see Figure 6-8).

Figure 6-8. Back command mapped to a soft button

Given the screen limitations of this device, there are no commands shown directly on the display. On
the left-most screen shot in Figure 6-8 notice there is soft-button to engage the menu. Once visible
you'll find the commands we've defined. The right-most screen shot shows the help text. Notice how
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the device has performed a direct mapping of the "Back” Command to the soft-button with the same
name. We don't need to go through a menu to invoke this Command.

cmBack = new Command(*'Back', Command.BACK, 1);

When we specified our intention with the above declaration, the application manager was able to map
the "Back” Command to the appropriate button on the device.

Example: Too Many Commands. Now What?

In our first example, we saw that the handheld device added the Exit Command to a menu. The reason
was that there was no button that directly correlated to Exit. If we add more Commands without
button mappings, the handheld will add these to the menu as well.

If you were to venture a guess, how do you think our cellular device will handle more Commands than
can fit on the display? Let's look at Example 6.3 and see.

Example 6.3 TooManyCommands. java

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

public class TooManyCommands extends MIDlIet implements CommandListener

{
private Display display; // Reference to Display
private Form fmMain; // The main Form
private TextBox tbAction; // Textbox upload/download
private Command cmEXit; // Exit the MIDlet
private Command cmBack ; // Go "back' to main form
private Command cmUload; // 'upload” data
private Command cmDload; // download" data

// The constructor
public TooManyCommands()

{
display = Display.getDisplay(this);

cmExit = new Command("Exit", Command.EXIT, 1);
cmBack = new Command(*'Back', Command.BACK, 1);
cmUload new Command(“‘Upload"”™, Command.SCREEN, 2);

cmDload = new Command(‘'‘Download', Command.SCREEN, 3);

// Create the Form, add Commands, listen for events
fmMain = new Form(*'Core J2ME™);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmUload) ;
fmMain.addCommand(cmDload) ;
fmMain.setCommandListener(this);

// Create a Textbox, add Command, listen for events
tbAction = new TextBox(''Process Data",
"Upload/download data ", 25, 0);
tbAction.addCommand(cmBack) ;
tbAction.setCommandListener(this);
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// Called by application manager to start the MIDlet.
public void startApp(Q)

display.setCurrent(fmMain);
}

public void pauseApp()
{3}

public void destroyApp(boolean unconditional)

{3}

// Process events
public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();

else if (c == cmUload || ¢ == cmDload)
display.setCurrent(tbAction);

else if (c == cmBack)

display.setCurrent(fmMain);

}
}

| have added two new Commands, cmUload and cmDload. Notice the priorities assigned:

cmUload
cmDload

new Command(*‘Upload", Command.SCREEN, 2);
new Command(‘'‘Download', Command.SCREEN, 3);

By assigning "Upload" a higher priority than "Download" we are stating our preference regarding the
relative importance of each Command. You'll see the end result of this request in Figure 6-9, where
"Upload" appears before "Download."

Figure 6-9. Commands mapped to both soft-buttons and a menu
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Let's imagine these Commands invoke sending and receiving of data over a network. The new
TextBox, tbAction, will act as our upload/download screen, which is set as the current
Displayable inside command Action()

public void commandAction(Command c, Displayable s)

{
it (c == cmExit)
{
destroyApp(false);
notifyDestroyed();

else if (c == cmUload || ¢ == cmDload)
display.setCurrent(tbAction);

else if (c == cmBack)
display.setCurrent(fmMain);

| have also added a Command to go back from the TextBox to the main Form. Figure 6-9 shows the
display asit looks on acellular device.

Aswith the handheld, the device has created a menu to hold the "Upload" and "Downl oad"
Commands. The "Exit" Command has been mapped to a soft-button.

You can seethereis agreat deal of flexibility asto how a device can present Commands on the
display. As a developer you specify your intention of the Commands when defining them —
Command . BACK, Command . HELP, and so forth. However, there are no guarantees how they will be
displayed/ processed on any one device. Y ou have to agree, this can make for some interesting design
considerations when trying to create user interfaces that look and feel consistent across a range of
devices.

Setting command Priorities

For another look at setting priorities, page ahead to Figure 8—7 and the corresponding code
in Example 8.3. Priorities are used within this example to arrange the order of optionsin a
menu.

ltem and ltemStateListener

An I'tem isany component that can be added to a Form. The MIDP library includes the following
Items: ChoiceGroup, DateField, Gauge, Imageltem, Stringltem and TextField.

With the exception of Stringltem and Image I tem, each of the aforementioned Items can detect
user interaction. When you add an Item to aForm, you create a"listener” to capture user events (for
any/al 1tems onthe Form). Once a change has been detected, the method i temStateChanged()
will be called. Inside this method you can determine which 1tem was changed and how you want to
proceed.
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The specification does not require i temStateChanged() to be called on each and every change.
However, it does set forth some rules;

e If an Item has changed, i temStateChanged() must be called for the changed I tem
before it will acknowledge changes in a subsequent 1tem.

e If aMIDlet makes achangeto an I tem (as compared to user interaction),
i temStateChanged() will not be called. For example, if you write code inside your
MIDlet to change the value of aDateField, thiswill not generate an event.

e If the device running the MIDlet can recognize when a user has moved from one 1tem to
another (changed focus), i temStateChanged() must be called when leaving one Item
and before getting to the next.

Creating an Item

I'tem isan abstract class, thus, we do not create instances of the Item class. Rather, we create objects
that have subclassed Item. Theseinclude: ChoiceGroup, DateField, TextField, Gauge,
Imageltem and Stringltem

Here we create aDateField, add it to aForm and set alistener so the Displayable object (the
Form) can detect events. If you recall from Chapter 5, we add listenersto Displayable objects (a
Canvas, or subclasses of Screen, which include Form, List, TextBox and Alert).

private DateField dfDate; // Display the date

// Create the date and populate with current date
dfDate = new DateField(*'Date is:'", DateField.DATE);
dfDate.setDate(new java.util_Date());

fmMain = new Form(*'Core J2ME™);
fmMain.append(dfDate);

// Capture Command events (cmExit)
fmMain.setCommandListener(this);

[temState and ItemStateListener API

Table 6.5. Item Class: javax.microedition.lcdui.ltem

Method Description
String getL abel() Get the label assigned to the Item
void setL abel(String label) Set label for the Item
Table 6.6. ItemStateListener Interface: javax.microedition.lcdui. ItemStateListener
| Method | Description
\void itemStateChanged(ltem item) Called when "item" has been changed

Example: Capturing Events on an Item Object

In our final example for this chapter, Example 6.4, we will create aDateField and add alistener to
the main Form to capture events. Once you select the DateField on the device, you can change the
month, day and year. When you exit the DateField display, i temStateChanged() will be called.
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To reassure ourselves that we actually enter this method, we will change the label on the DateField,
which will be reflected on the display.

Example 6.4 CaptureltemEvents. java

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

public class CaptureltemEvents extends MIDlet implements
ItemStatelListener, CommandListener

{
private Display display; // Reference to Display object
private Form fmMain; // The main Form
private Command cmEXit; // A Command to exit the MIDlet

private DateField dfDate; // Display the date

public CaptureltemEvents()

{
display = Display.getDisplay(this);

// Create the date and populate with current date
dfDate = new DateField("'Date is:'", DateField.DATE);
dfDate.setDate(new java.util_Date());

cmExit = new Command("Exit', Command.EXIT, 1);
// Create the Form, add Command and DateField
// listen for events from Command and DateField
fmMain = new Form(*'Core J2ME™);
fmMain.addCommand(cmExit);
fmMain.append(dfDate);

// Capture Command events
fmMain.setCommandListener(this);

// Capture ltem events
fmMain.setltemStatelListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q

{
display.setCurrent(fmMain);

}

public void pauseApp()
{3

public void destroyApp(boolean unconditional)

{1}
public void commandAction(Command c, Displayable s)
{

if (c == cmExit)

destroyApp(false);
notifyDestroyed();
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}

}
public void itemStateChanged(ltem item)
{
dfDate.setlLabel ("'New Date: ');
}

}

From left to right on Figure 6-10, the first screen shot shows the Form and the DateField. Once
you choose to edit the date, you will see the screen shot in the middle, where you can interactively
make changes. Upon selecting "Save,” the method i temStateChanged() iscaled. Within this
method, we change the label on the DateField. The result of this changeisreflected in the
rightmost screen shot.

Figure 6-10. Capturing events with IltemStatelListener
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Note

i temStateChanged() isnot inevitably called for every changeonan Item.
For example, when the DateField component is shown on the display,

» changing the day will not initiate an event. For Sun's MIDP implementation of
DateField , themethod i temStateChanged() will be called when the user
exitsthe DateField . The decision regarding when an event is acknowledged is
determined by the device implementation.
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Chapter 7. HIGH-LEVEL USER INTERFACE: PART |

Topicsin this Chapter

Screen
Form
Item
DateField

Gauge

Stringltem
TextField

Choice and ChoiceGroup
Image and Imageltem

Now that we've examined how events are managed within aMIDlet, we need to focus on how to
create the user interface. In Chapter 5 we introduced the Display and Displayable classes. If you
recall, thereisone Display object and any number of Displayable objectsin agiven MIDlet. The
Screen isone of two Displayable objects defined as part of the core API, the other being
Canvas.

This chapter will focus on the first of four components that are derived from the Screen class, the
Form. It will also cover al the predefined components that may be added to a Form, including
DateField, Gauge, Stringltem, TextField, ChoiceGroup and Imageltem.

When we get to the next chapter, you'll learn about the remaining subclasses of Screen: List,
Textbox, Alert and Ticker.

Note

requirements for a set of classes. It isa toolkit for writing applications for

. As we work through our examples, keep in mind that the MIDP defines the
various mobile devices. It does not specify how to implement the libraries.

So what does that mean? The functionality across implementationswill be the same, yet the
presentation may be different. As an example, a TextField will always have a consistent set of
methods for entering and modifying text, but the look and feel may vary from device to device.

All the examples in this book will use the MIDP provided by Sun. If you run these examples with
ancther vendor's implementation, keep in mind that the appearance of components may be different.

Screen
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The Screen classitself is not something that you can see. Rather, Screen isaparent classfor
components that have an actual look and feel on the display. To further clarify, let'slook at an
illustration of the user interface hierarchy, starting with the Displayable class.

To further clarify the hierarchy shown in Figure 7—1, the class definitions follow:

Figure 7-1. Displayable class hierarchy
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class Display)
abstract class Displayable)
abstract class Screen extends

class TextBox extends Screen)
class List extends Screen

class Alert extends Screen)
class Form extends Screen)
abstract class ltem)

class ChoiceGroup extends Item

class
class
class

DateField extends Item)
TextField extends Item)
Gauge extends Item)

class Imageltem extends Item)
class Stringltem extends ltem)
abstract class Canvas extends

class Command)
class Ticker)
class Graphics)
interface Choice)

The MIDP includes two classes that are direct descendents of the Displayable class. Screen and
Canvas. The Screen (and its subclasses) are for high-level user interface components; the Canvas
isfor custom graphics and event handling.

92



If we break this down further, you can see that Form, List, TextBox and Alert are al subclasses
of the Screen class. Ticker (ascrolling ticker tape) is not a subclasss; rather, it isafield (variable)
defined inside the Screen class. Thus, aTicker can be part of any Screen.

If you look carefully you'll notice that 1tem isnot asubclass of Form. However, it isillustrated as
such in Figure 7—1 to make the point that subclasses of 1tem are displayed on aForm.

Let'slook at the methods available in the Screen class.

Screen API
Table 7.1. Screen Class: javax.microedition.lcdui.Screen
Method Description
String getTitle() Get title associated with the Screen
void setTitle(String s) Set title for the Screen
Ticker getTicker () Get Ticker associated with the Screen
\void setTicker (Ticker ticker) 'Set Ticker for the Screen
Form

If you come from a desktop computing platform, the limitations of the display on a mobile device may
take some getting used to. Overlapping windows, toolbars and cascading menus are nowhere to be
found.

All isnot lost, however. A Form gives you the option to show multiple components on the display.
The implementation will provide scrolling, as needed, to accommodate the components. Think of a
Form as acontainer that can hold any number of components, where each is asubclass of 1tem (see

Figure 7-1).

A Form has methods to append, insert, replace and delete components. When you append a
component to a Form, the append method returns a numeric index indicating where the component
was placed, with an index value starting at 0. Several other methods use thisindex as an input
parameter; thus, you may find it helpful to keep a copy of thisindex in avariable. Other methods are
available to determine the number of components on a Form and request the index (position) of a
specific component.

Form API
Table 7.2. Form Class: javax.microedition.lcdui.Form
Method Description
Constructors
Form (String title) Createaform
Form (String title, Item[] items) Create aform and add Item(s) in the array
\M ethods |
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lint append(Image img)

\Append an Image

int append(Item item) Append an Item

int append(String str) Append a String

void delete(int itemNum) Delete an Item

void insert(int itemNum, Item item) Insert an Item prior to the Item specified

Item get(int itemNum)

Get an Item

\void set(int itemNum, Item item)

|Set (replace) an Item

void setltemStatel istener (ItemStateListener iListener)

Add alistener

int size()

Get the number of Itemson aform

[tem

An I'tem isacomponent that can be added to aForm. ChoiceGroup, DateField, Gauge,
Imageltem, Stringltem and TextField areall subclasses of 1tem.

Working along with an Item isthe class I temStateListener. When you want to process events
on an Item, you register a"listener” that will be sent a message when an event occurs. The recipient
of this message is the method i temStateChanged(). Within this method, you can determine which
I tem changed and decide what action you would like to take.

The following code appendsaDateField to aForm and creates a listener for processing events.

private Form fmMain;
private DateField dfToday;

fmMain = new Form(*'Core J2ME™);

// A Form
// A DateField

// Form object

dfToday = new DateField(""Today:", DateField.DATE); // DateField

fmMain.append(dfToday) ; // Add ltem (DateField) to Form
fmMain.setltemStatelListener(this); // Listen for Form events

public void itemStateChanged(ltem item)

{
if (item == dfToday)

}
ITEM API

Table 7.3. Item Class: javax.microedition.lcdui.ltem
\ Method \ Description
String getL abel() Get the label assigned to the Item
void setL abel(String label) Set label for the Item

Example: Juggling Iltems on a Form
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There are some special considerations that are important to understand when inserting, appending and
replacing 1tems on aForm. Example 7.1 will walk through these operations and point out the pitfalls,
hopefully saving you alittle timein the long run.

Example 7.1 FormJuggle.java

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

public class FormJduggle extends MIDlet implements CommandListener

{

private Display display; // Reference to display object
private Form fmMain; // The main form
private Command cmlnsert; // Command to insert items

private DateField dfDate; // Display date
private TextField tfSize; // Product size
private TextField tfQuantity;// Product quantity

private int datelndex; // Index of dfDate
public FormJuggle
{

display = Display.getDisplay(this);

// Create the date and populate with current date
dfDate = new DateField('"", DateField.DATE);
dfDate.setDate(new java.util_Date());

// Define two textfields and two commands
tfSize = new TextField("Size"™, "Large"™, 5, TextField.ANY);
tfQuantity = new TextField('Quantity:", "3", 2,
TextField .NUMERIC);
cminsert = new Command(*'Insert”, Command.SCREEN, 1);

// Create the form, add insert command
fmMain = new Form(*'Form Stuff'");
fmMain.addCommand(cmlnsert);

// Append date to form & save index value where it was inserted
datelndex = fmMain.append(dfDate);

// Capture events
fmMain.setCommandListener(this);

}

// Called by application manager to start the MiIDlet.
public void startApp(Q)

{
display.setCurrent(fmMain);

}

public void pauseApp(Q)
{3}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

{
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ifT (c == cmlnsert)

// One item on form, insert textfield prior to datefield
if (fmMain.size() == 1)

{
fmMain. insert(datelndex, tfQuantity);
datelndex += 1; // Date index has changed, update it

// If two items and last item is datefield, replace it
else if (fmMain.size() == 2 && fmMain.get(l) == dfDate)
fmMain.set(datelndex, tfSize);
}

}
}

There are three 1tems we will add to the Form: aDateField and two TextFields. At this point
don't worry about the specifics of these components.

1. dfDate: show the current date
2. tfSize: show the product size
3. tfQuantity: show the product quantity

The constructor— FormJugg le () —allocates al the items and appends dfDate to the form.
tfSize and tfQuantity are not placed on the form at thistime.

There isone line that we need to clarify:
datelndex = fmMain.append(dfDate);

We need to save theindex of where thisitem isinserted. Later, we will use this index to specify where
to insert a new item.

There is also aCommand on the form labeled "Insert." The method commandAction() will be
called when this Command is invoked. This method is where we need to focus our attention. Hereis
the code we are interested in:

if (c == cmlnsert)
{
// One item on form, insert textfield prior to datefield
it (fmMain.size() == 1)
{
fmMain. insert(datelndex, tfQuantity);
datelndex += 1; // Date index has changed, update it

3

// If two items and last item is datefield, replace it
else if (fmMain.size() == 2 && fmMain.get(l) == dfDate)
fmMain.set(datelndex, tfSize);
}

If thereisjust oneitem on the form (dfDate), then we will insert tfQuantity. Notice the insert
method takes two parameters. The first isindex of where to place the new item, the second istheitem
to insert.
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Now, before we move on, think about what just happened. When you insert an item, it is placed prior
to the index you specify. In our example, date Index has avalue of 0 because it was the only item
currently on the form. The value for date Index is no longer accurate, as the new itemis now at
index 0. To correct this, we increment date Index by 1 so any future reference will access the
correct item.

After the first time through commandAction(), our form has two items with the indices 0 and 1:

fmMain
tfQuantity Index =0
dfDate Index =1

If the "Insert" button is pressed a second time, commandAction() will drop into this block of code :

else if (fmMain.size() == 2 && fmMain.get(l) == dfDate)
fmMain.set(datelndex, tfSize);

If there are two items on the form, and the item at index 1 equals dfDate, then we will set (replace)
that item with tfSize. Hereisthe resulting form:

fmMain
tfQuantity Index =0
tfSize Index =1

Can you see why we need this check:

fmMain.get(1) == dfDate

Without it, should we come into commandAction() athird time

fmMain.set(datelndex, tfSize);

will try to replace what is at date Index (which hasvalue of 1), with tfSize. Well, tfSize is
already at index 1 (see Figure 7—2). The point to be madeis that it's important to understand the
indexing of components and how inserting and deleting affects the index values. Figure 7—2 shows

various screen shots of this MIDlet.

Figure 7-2. From the left, the initial screen. The center is the display after pressing
"Insert” once. The rightmost, after pressing "Insert" a second time.
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The remaining sections of this chapter will cover each of the 1 tem components that are available as
part of the MIDP.

DateField

Using the DateField component, you manipulate a Date object (as defined in java. util. Date)
using the keys and/or soft buttons on a mobile device. The look and feel, as provided in Sun's MIDP
implementation, is shown in Figure 7-3.

Figure 7-3. An easy-to-use interface for updating the date and time

Table 7.4. DateField Modes: javax.microedition.lcdui.DateField

Value Description
DATE Allow the user to edit only the date
TIME Allow the user to edit only thetime
DATE_TIME Allow the user to edit both the date and time
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When creating aDateField object you specify whether the user can edit the date, the time, or
both—see the mode constants declared in the Table 7.4.

DateField API

Table 7.5. DateField Class: javax.microedition.lcdui.DateField

Method Description
Constructors
IDateField(String label, int mode) Create DateField
DateField(String label, int mode, TimeZone Create DateField with specified TimeZone
timeZone) information
\M ethods |
Date getDate() Get current value
void setDate(Date date) Set new date/time value
int getl nputM ode() Get the current input mode
void setl nputM ode(int mode) Set new input mode

Example: Creating an Alarm Clock

Let's create asimple alarm clock MIDlet (see Example 7.2). This application will allow the user to
specify a date and time, and will sound an alarm and display a message when the appointed time has
arrived.

To make this example alittle more redlistic, I've included two components that we have yet to
introduce: the Timer and Alert. With aTimer you can schedule tasks to occur at some future time
(in our case, atask to display a message). The message will be contained as part of an Alert
component. An Alert issimilar to a pop-up window or dialog box. Once again, don't worry about the
details of these components, as we'll cover them as we progress through the book.

Example 7.2 Snooze.java

import java.util.*;

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

import java.util._TimerTask;

public class Snooze extends MIDlet implements
ItemStatelListener, CommandListener
{

private Display display; // Reference to display object
private Form fmMain; // The main form

private Command cmSnooze; // Start the timer

private Command cmReset; // Reset to current date/time
private Command cmEXit; // Exit the MIDlet

private DateField dfSnoozeTime // How long to snooze

private int datelndex; // Index of DateField on Form
private Date currentTime; // Current time
private Timer tmSnooze; // The timer

private SnoozeTimer ttSnooze; // Called by the timer
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private boolean dateOK = false; // Was user input valid?

public Snooze()

{
display = Display.getDisplay(this);

// The main form
fmMain = new Form(*When to sound the alarm:");

// Save today"s date
currentTime = new Date();

// DateField with todays date as a default
dfSnoozeTime = new DateField(*""", DateField.DATE _TIME);
dfSnoozeTime.setDate(currentTime);

// All the commands/buttons

cmSnooze = new Command(*'Snooze'™, Command.SCREEN, 1);
cmReset = new Command(‘'Reset', Command.SCREEN, 1);
cmExit = new Command("Exit', Command.EXIT, 1);

// Add to form and listen for events
datelndex = fmMain.append(dfSnoozeTime);
fmMain.addCommand(cmSnooze) ;
fmMain.addCommand(cmReset) ;
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);
fmMain.setltemStatelListener(this);

}
public void startApp O

display.setCurrent(fmMain);
}

public void pauseApp(Q)
{3}

public void destroyApp(boolean unconditional)

{3}

public void itemStateChanged(ltem item)

if (item == dfSnoozeTime)
{
// IT the user selected date and/or time that is
// earlier than today, set a flag. We are using
// getTime() method of Date class, which returns
// milliseconds since January 1, 1970
if (dfSnoozeTime.getDate().getTime() <
currentTime.getTime())
dateOK = false;
else
dateOK = true;

}

public void commandAction(Command c, Displayable s)

if (c == cmSnooze)
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if (dateOK == false)
{
Alert al = new Alert(Unable to set alarm”,
"Please choose another date & time.", null, null);
al .setTimeout(Alert.FOREVER);
al .setType(AlertType.ERROR);
display.setCurrent(al);
}

else

{

// Create a new timer

tmSnooze = new Timer();

ttSnooze = new SnoozeTimer();

// Amount of time to delay

long amount = dfSnoozeTime.getDate().getTime() -
currentTime.getTime();

tmSnooze.schedule(ttSnooze,amount) ;

// Remove the commands
fmMain.removeCommand(cmSnooze) ;
fmMain.removeCommand(cmReset) ;

// Remove the DateField
fmMain.delete(datelndex);

// Change the Form message
fmMain._setTitle("'Snoozing...");

}
else if (c == cmReset)

// Reset to the current date/time
dfSnoozeTime.setDate(currentTime = new Date());

else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

private class SnoozeTimer extends TimerTask
{
public final void run()
{
Alert al = new Alert("Time to wake up!™);
al .setTimeout(Alert.FOREVER);
al .setType(AlertType.ALARM);
AlertType.ERROR.playSound(display);
display.setCurrent(al);

// Cancel this timer task
cancel(Q);
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}
}
}

The images shown in Figure 7—4 from the left are the MIDlet main screen, the interface to change the
time, and a menu option to either reset the current date/time or start the timer.

Figure 7-4. Set an alarm by specifying the time and choosing the Snooze option to
start the timer
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Before we move on, let me ask you this: Why isthere isamenu on the display if we never defined any
type of menu in the code? The short answer is, the implementation can decide how it wants to present
Command objects on the display. To accommodate the limited screen size, the implementation has
chosen to place the commands inside a menu. If you need arefresher, head back to Chapter 6 where
we introduced event handling.

The DateField component isinitialized with the current date and time as returned by the system
running the MIDlet.

currentTime = new Date();

dfSnoozeTime = new DateField(*""", DateField.DATE TIME);
dfSnoozeTime.setDate(currentTime);

fmMain.setltemStateListener(this);

When you create a new component passing in DateField.DATE_TIME, the user will have the
option to change both the date and the time.

The last line above sets up alistener that recognizes events for the DateField component—actualy,
for any component that is a subclass of 1tem —that is, contained on fmMain. Once an event is
recognized, the method i temStateChanged() will be called.

Before setting the alarm, we need to be sure the dlarm time is greater than the current date and time.
We do this by comparing the time selected by the user, with the current time we have stored in the
variable currentTime.

if (dfSnoozeTime.getDate().getTime() <
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currentTime.getTime())
dateOK = false;
else
dateOK

true;
To get the time from the dfSnoozeTime component requires two steps:
1. Get areference to aDate object using the method:
dfSnoozeTime.getDate()
2. Get the time from the Date object by calling the method:

dfSnoozeTime.getDate() -getTime()

What's interesting about this check is that the method getTime () returns the number of milliseconds
since the beginning of time (the beginning of time as far as the computer is concerned—January 1,
1970). With this one call, we cover all our bases and thereis no need to compare the year, month, day
and time separately.

Note

f getTime() isamethod inside java.util .Date available as part of the
CLDC.

Once the snooze option (from the menu) has been selected we will be directed to the method
commandAction(). First, we must check to see if the date and time selected is valid. We do this by
checking the variable dateOK that we set earlier in i temStateChanged(). If not, we will create an
Alert to notify the user to enter adifferent date and time. If everything looks good, we will schedule
atimer and determine how long to snooze:

// Create a new timer
tmSnooze new Timer();
ttSnooze new SnoozeTimer();

// Amount of time to delay

long amount = dfSnoozeTime.getDate().getTime() -
currentTime.getTime();

tmSnooze.schedule(ttSnooze,amount);

Once again, we use the getTime () method to determine how long until the alarm should sound. The
amount of time is the difference between the user selected time and the current time (in milliseconds).
We will cover al the specifics of the Timer classin Chapter 13.

At the appointed time, the run() method inside the class SnoozeTimer is called. We create a new
Alert, set it asthe current screen and cancel the timer.

public final void run()
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Alert al = new Alert(""Time to wake up!™);
al _setTimeout(Alert.FOREVER);

al _setType(AlertType.ALARM);
AlertType.ERROR.playSound(display);
display.setCurrent(al);

// Cancel this timer task
cancel();

}

From the left, Figure 7-5 shows the display when the MIDlet is"snoozing," the Alert screen once
the run() method is called, and the Alert shown if the user selects an invalid date and time.

Figure 7-5. The main screen, alarm message, alert dialog
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One last point, if you compare the left-most screen shot in Figures 7—4 and 7-5, you'll notice both the
DateField and the menu are removed from the display in Figure 7-5. Take alook in
commandAction(); after creating the timer you will see the code to remove the commands
cmSnooze and cmReset (which effectively removes the menu), delete the DateField component
and change the message on the Form to "Snoozing."

Note

Once again, MIDP defines the requirements for a set of classes. It does not
specify how to implement the profile. For example, the look and feel of the
DateField component may be completely different from one implementation to
the next; however, the functionality provided must always match with the
requirements as outlined in the specification.

Gauge

If you've spent any amount of time on a computer, you've become accustomed to seeing progress
meters in many shapes and forms. Familiar examples include a percentage indicator that is displayed
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when downloading afile or aprogress meter shown when installing software. Should you need to
provide asimilar interface on a mobile device, the Gauge component may be the ticket.

A Gauge hastwo means of being updated. Thefirst isreferred to as interactive mode, where the user
makes the changes. The second, for lack of a better term, is a non-interactive mode. It is up to you as
the devel oper to change the values (see Figures 7—6 and 7—7).

Figure 7-6. Interactive Gauge

Cancelled!

Gauge API

Table 7.6. Gauge Class: javax.microedition.lcdui.Gauge

Method Description

Constructor
Gauge(String label, boolean interactive, int maxValue, int Create anew gauge
initiaValue)
Methods
int getValue() Get current value of gauge
void setValue(int value) Set new value for gauge
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int getM axValug() Get maximum allowed gauge
value

void setM axValue(int maxValue) Set maximum allowed gauge
value

boolean islnteractive() Isthis an interactive gauge?

Example: Interactive Gauge

FollowingisaMIDlet (Example 7.3) with an interactive Gauge where the user can adjust what will
appear to be the sound/volume of the application.

Example 7.3 InteractiveGauge.java

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

public class InteractiveGauge extends MIDlet implements CommandListener

{
private Display display; // Reference to display object

private Form fmMain; // The main form
private Command cmEXit; // Exit the form
private Gauge gaVolume; // Volume adjustment

public InteractiveGauge ()
{
display = Display.getDisplay(this);
// Create the gauge and exit command
gaVolume = new Gauge(''Sound Level', true, 30, 4);
cmExit = new Command("Exit", Command.EXIT, 1);

// Create form, add commands, listen for events

fmMain.addCommand(cmExit);
fmMain.append(gaVolume);
fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q

{
display.setCurrent(fmMain);

public void pauseApp()

{7}

public void destroyApp(boolean unconditional)

{}

public void commandAction(Command c, Displayable s)
{ ;f (c == cmExit)

destroyApp(false);
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notifyDestroyed();
}
}
}

In the constructor method we have added a call to create a new Gauge component:

gaVolume = new Gauge(''Sound Level', true, 30, 4);

We've specified true, to indicate we want an interactive gauge. The maximum value has been set to
30 and we have a starting value of 4. Y ou can see the output in Figure 7—6.

Example: Non-interactive Gauge

Example 7.4 shows how to change the value of a gauge using methods inside the Gauge class. Well
useaTimer to provide our MIDlet with periodic "interruptions,” if you will, where we increment the
gauge.

Example 7.4 NonInteractiveGauge.java

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

import java.util_TimerTask;

public class NonlnteractiveGauge extends MIDlet implements
CommandListener

{
private Display display; // Reference to display object
private Form fmMain; // The main form
private Command cmEXit; // Exit the form
private Command cmStop; // Stop the download
private Gauge gaProgress; // Progress indicator
private Timer tm; // The Timer
private DownloadTimer tt; // The task to run

public NonlnteractiveGauge ()

{
display = Display.getDisplay(this);

// Create the gauge, exit and stop command

gaProgress = new Gauge(''Download Progress'™, false, 20, 1);
cmExit = new Command("Exit', Command.EXIT, 1);

cmStop = new Command(*'Stop’™, Command.STOP, 1);

// Create form, add commands, listen for events
fmMain = new Form(*"");
fmMain.append(gaProgress);
fmMain.addCommand(cmStop);
fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
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public void startApp()

{
display.setCurrent(fmMain);

// Create a timer that fires off every 1000 milliseconds
tm = new Timer();

tt = new DownloadTimer();

tm.scheduleAtFixedRate(tt, 0, 1000);

}

public void pauseApp()
{1}

public void destroyApp(boolean unconditional)

{3

public void commandAction(Command c, Displayable s)
{
ifT (c == cmExit)
{
destroyApp(false);
notifyDestroyed();

else if (c == cmStop)

{
tm.cancel();
fmMain.removeCommand(cmStop) ;
fmMain.addCommand(cmExit);
gaProgress.setLabel ("'Download Cancelled!'");

private class DownloadTimer extends TimerTask

{

public final void run()
{
// 1s current value of gauge less than the max?
if (gaProgress.getValue() < gaProgress.getMaxValue())
gaProgress.setValue(gaProgress.getvalue() + 1);
else
{
// Remove stop command and replace with Exit
fmMain.removeCommand(cmStop) ;
fmMain.addCommand(cmExit);

// Change the gauge label
gaProgress.setLabel (""'Download Complete!™);

// Stop the timer
cancel();
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If you look inside the constructor, when compared to Example 7.3, you'll notice we've changed the
second parameter to fal se, thus requesting a non-interactive gauge:

gaProgress = new Gauge(''Download Progress', false, 20, 1);

The next area of interest isinside startApp() where we create the timer. We've chosen atimer that
fires off at afixed rate. Every 1000 milliseconds the run method inside DownloadTimer () iscalled:

// Create a timer that fires off every 1000 milliseconds
tm = new Timer();

tt = new DownloadTimer();

tm.scheduleAtFixedRate(tt, 0, 1000);

Head down to the code that is called by the timer, DownloadTimer (). Our first check isto seeif
we've reached the maximum value of our gauge. If not, increment the current value of the gauge by
one. If we've reached the maximum, remove the Stop button and replace it with an Exit button, change
the label on the gauge to tell the user the download is complete and cancel the timer:

iT (gaProgress.getValue() < gaProgress.getMaxValue())
gaProgress.setValue(gaProgress.getvalue() + 1);
else

{

// Remove stop command and replace with Exit
fmMain.removeCommand(cmStop) ;
fmMain.addCommand(cmExit);

// Change the gauge label
gaProgress.setLabel (""'Download Complete!™);

// Stop the timer
cancel();

}

The download gauge is shown in Figure 7—7. The screen shot on the right shows the updated label on
the gauge if the user cancels the download.

Aswith all high-level interface components, the implementation decides how the gauge will look on
the screen. Take one last glance at Figures 7—6 and 7—7 and you'll notice this implementation shows
two different styles of gauges—a progressive scale and a bar scale—depending on whether or not the
gaugeisinteractive.

Stringltem

A Stringltem displays astatic label and text message. A user cannot edit either the label or the text,
and as aresult, aStringltem does not recognize events.

As adeveloper, once you create a Stringltem, you can get/set the text message with methods inside
the Stringltem class. If you would like to get/set the label, you can do so using methods inherited
from the Item class.
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Stringltem API

Table 7.7. Stringltem Class: javax.microedition.lcdui.Stringltem

Method Description
Constructor
Stringltem(String label, String text) Create anew Stringltem
Methods
String getText() Get current value of the text
void setText(String text) Set new value of the text

Example: Changing the Label and Message Text
The MIDlet that follows (Example 7.5) shows how to change both the label and the text message.
Example 7.5 ChangelLabelText.java

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

public class ChangelLabelText extends MIDlIet implements CommandListener

{

private Display display; // Reference to Display object

private Form fmMain; // The main form

private Stringltem siUser; // The message

private Command cmNext; // Next label and message
private Command cmEXit; // Command to exit the MIDlet

public ChangelLabelText ()

{
display = Display.getDisplay(this);

// Create text message and commands

siUser = new Stringltem(*Userld: ", "johnm™);
cmNext = new Command(*'Next', Command.SCREEN, 1);

cmExit = new Command("Exit', Command.EXIT, 1);

// Create Form, Commands & Stringltem, listen for events
fmMain = new Form(*'Preferences");
fmMain.addCommand(cmExit);

fmMain.addCommand(cmNext) ;

fmMain.append(siUser);

fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q

{
display.setCurrent(fmMain);

}
public void pauseApp(Q)

110




{3}

public void destroyApp(boolean unconditional)

{1}
public void commandAction(Command c, Displayable s)
{

if (c == cmNext)

{

// This method is inherited from the ltem class
siUser.setlLabel (""Account #: ");

// Change the text
siUser.setText(*'731");

// Remove the Next command
fmMain.removeCommand(cmNext) ;

else if (c == cmExit)

destroyApp(false);
notifyDestroyed();
}
}
}

In the constructor we define a Stringltem containing alabel and atext message. We also add the
Command cmNext which will invoke a call to commandAction(), where we change the label and
the text. Figure 7—8 shows the output of this example.

Figure 7-8. Changing the label and the text

Example: Alternative to Stringltem

Thereis one more option for showing atext message—you can append a String directly onaForm.
Using this option, you have no label as you do when using Stringltem and updating the text
requires alittle more work, as we'll see.

If you refer back to the Form class, there is amethod append (String str), which wewill usein
our next example to insert atext message on the display:
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msglndex = fmMain.append('Userld: johnm™);

To display the same information as the previous example ("Userld: johnm"), we combine what was
previously a separate label and text into one string.

Asyou walk through the following code (Example 7.6) notice that we save the index of where this
string isinserted (into the variable msg Index.) Well need thisindex at alater timeto retrieve the
string.

Example 7.6 StringltemAlternative.java

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

public class StringltemAlternative extends MIDlet implements
CommandListener
{
private Display display; // Reference to Display object
private Form fmMain; // The main form
private Command cmNext; // Next label and message
private Command cmExit; // Command to exit the MIDlet
private int msglndex; // Index of message text on form
private int count = 0O; // How many times through our loop

public StringltemAlternative ()

{
display = Display.getDisplay(this);

// Create commands

cmNext = new Command(*'Next', Command.SCREEN, 1);

cmExit = new Command("Exit'", Command.EXIT, 1);

// Create Form, add Command & message, listen for events
fmMain = new Form(*'Preferences");
fmMain.addCommand(cmExit);

fmMain.addCommand(cmNext) ;

// Save the index location of this item
msglndex = fmMain.append('Userld: johnm™);

fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q

display.setCurrent(fmMain);
}

public void pauseApp(Q)
{1}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)
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{
if (c == cmNext)

{
if (count++ == 0)
{

// Option # 1
// First time through this method

Stringltem tmpltem = (Stringltem)
fmMain.get(msglindex);

System.out._printIn(""tmpltem.getLabel(Q): " +
tmpltem.getLabel());

System.out.printin(""tmpltem.getText(): " +
tmpltem.getText());

//inherited from Item class
tmpltem.setLabel (""Account #: ');
tmpltem.setText("'731");

}

else

// Option # 2
// Second time through this method

fmMain._set(msglndex,
new Stringltem("'Password: ', "superPants'));

// Remove the Update command
fmMain.removeCommand(cmNext) ;

}
else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}
}

Let'slook at two ways in which we can change the text message. Both are shown in the method
commandAction().

Option 1

Get the index of the String we previously inserted using fmMain. get (msglndex). Thereturn
value from thiscall isan I'tem, so we must cast it to aStringltem in order to access the class
methods.

Stringltem tmpltem = (Stringltem) fmMain.get(msglndex);
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I'veinserted two prinltncal Is to take a closer look at the label and the text of tmpltem (see
Figure 7-9). Notice getLabel () returned null and getText() returned the original text message
we appended to the form.

Figure 7-9. Stringltem label and text

S WIMNT S System32 cnd.ex

tmpltem.getLabel(>: null
tmpltem.getText{>: Userld: Jjohnm

S0, here's what we can surmise, our call:

fmMain.append('Userld: johnm™);

was essentially trandated into:

fmMain.append(new Stringltem(null, "Userld: johnm™));

The last two lines of this code block set the label (which was previously null) and the text message to
new values. See Figure 7—10 (center screen shot).

Figure 7-10. Alternatives to display and edit static text

F il | Famll | Fantll B

Freferences : Freferences ; - B|Preferences

Userld: johnm h Blaccount# 731 ) - MPassword:
superFants

tmpltem.setLabel (""Account #: ');
tmpltem.setText("'731");

Option 2

With one line of code, we can replace the original text with anew Item. Using the set() method of
the Form, we replace the I tem located at msg I ndex:

fmMain._set(msglndex,
new Stringltem("'Password: ', "'superPants'™));
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Because thisisanew Stringltem we areinserting, we have the option to break thisinto alabel and
amessage (as above), or simply concatenate both into one string and pass this as the text message:

fmMain.set(msglndex,
new Stringltem(null, "Password: superPants'™));

The choice as to which you use depends, more than anything, on whether or not you will need to
access the individua elements ("password” and "superPants") of the string. If so, save yourself alittle
work and call Stringltem with two parameters, one for the label and one for the text.

The output of this option is shown in Figure 7—10 (right-most screen shot).

TextField

Start with the picture in your mind of asingle-line text-entry box. A common example would be a
name or email address field that you might see on any standard online form. Now, add support for
multiple lines of text and the option to filter the user input, such as only allowing numbers. At this
point, you have a TextField component. If you are familiar with HTML form development, a
TextField issimilar to both a combination of atext input and text area, with afew twists.

When you create a TextField you can specify an input constraint. A constraint provides restrictions
on the data that a user may enter. For example, you may have a TextField that prompts for an email
address—the code behind the TextField can help by limiting the characters it accepts to only those
that are valid as part of an email address. There are four constraints to support the following specific
types of input: email addresses, URLS, numeric values and phone numbers. Thereis an additional
constraint that does no filtering at all, essentially passing all characters through to the TextField.
Table 7.8 lists the available constraints.

In addition to constraints, when you create a TextField you specify how many characters you
anticipate you will need. Asyou might guess, there are no guarantees your requested size will be
allocated; however, there is a method provided that will return the number of characters the
TextField will support once created. Before calling a method that may extend the length of the
TextField, save yourself some debugging time by checking the size before inserting data.

Table 7.8. TextField Constraints: javax.microedition.lcdui.TextField

Value | Description

CONSTRAINT_MASK |Use this mask when you need to determine the current value of the
constraint. See the section entitled "A Look Inside Constraint Values™" for
more information.

ANY Allow any character input.

EMAILADDR \Allow only characters that are valid within an email address.

NUMERIC Allow only numbers. This includes both positive and negative numbers. Y ou
do not have an option to request only positive or only negative values.

PASSWORD Masks al character input to provide privacy when entering data. This

constraint can be combined with other constraints to provide masking. See
the section entitled "Using the Password Modifier " for more information.

PHONENUMBER Allow only charactersthat are valid as part of a phone number. This may be
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| device and/or local specific.

IURL \Allow only characters that are valid within a URL.

One last thought to keep in mind: The number of characters allocated for aTextField isnot
necessarily the same as the number of characters that will appear on the display. The implementation
will add support for scrolling if the screen cannot display the text in its entirety.

TextField API

Table 7.9. TextField Class: javax.microedition.lcdui.TextField

\ Method \ Description
Constructor

TextField(String label, String text, int maxSize, |Create anew TextFeld

int constraints)

M ethods

void delete(int offset, int length) Delete characters at a specified offset

void insert(String src, int position) Insert String at a specified offset

void insert(char[] data, int offset, int length, int |Insert specified characters from array into TextField
position) at a specified offset

void setChar s(char[] data, int offset, int length) |Set (replace) characters with data from array
\void setString(String text) 'Set (replace) TextField contents from String
lint getChar s(char{] data) Get contents of TextField into an array
String getString() Get contents of TextField into a String

int getConstraints() Get constraints defined for TextField

void setConstr aints(int constraints) Set constraints for TextField

lint getM axSize() ‘Get max number of characters in TextField
lint setM axSize(int maxSize) 'Set max number of charactersin TextField
int getCar etPosition() Get current caret (cursor) position

int size() Number of characters currently in TextFeld

Example: Processing Text Input with a Character Array

Area codes seem to be in a continual state of change (not unlike the price of a postage stamp). The
codes where | live have changed three times in as many years. Let's write a simple application
(Example 7.7) to simulate verification of area codes.

First, we'll prompt the user for a phone number. Next, well perform a simple lookup for the area code
inatable. If the user's area code is found, we'll assume there is anew area code for the phone number
entered, and we will update the TextFie ld with the new code. The program has few bells and
whistles; however, it does show how to insert and delete characters from aTextField, aong with
code to search and access amulti-dimensional array.

Example 7.7 VerifyAreaCode.java

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
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public class VerifyAreaCode extends MIDlet implements CommandListener

{

private Display display; // Reference to Display object
private Form fmMain; // The main form

private Command cmTest; // Next label and message
private Command cmEXit; // Command to exit the MIDlet

private TextField tfPhone; // Phone number

private String areaCodeTable []1[1]1 = {
{"512", "912"}, // Old area code, new area code
{717, U917} )

public VerifyAreaCode ()

{
display = Display.getDisplay(this);

// Create commands
cmTest = new Command(*'Test"™, Command.SCREEN, 1);
cmExit new Command(“Exit", Command.EXIT, 1);

// Textfield for phone number
tfPhone = new TextField(''Phone:", ", 10,
TextField.PHONENUMBER) ;

// Create Form, add Commands & textfield, listen for events
fmMain = new Form(*'Area Codes');

fmMain.addCommand(cmExit);

fmMain.addCommand(cmTest) ;

fmMain.append(tfPhone);

fmMain.setCommandListener(this);

}

// Called by application manager to start the MIDlet.
public void startApp(Q)

{
display.setCurrent(fmMain);

}
public void pauseApp(Q)

{3}

public void destroyApp(boolean unconditional)

{7}
public void commandAction(Command c, Displayable s)
if (c == cmTest)
if (tfPhone.size() == 10)
{ char buffer[] = new char[10];

// Get phone number into byte array
tfPhone.getChars(buffer);

// Call method to check the area code table.

// Create a new Stringltem to display,
// passing in "null® as the Stringltem
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}

Stringltem tmp = new Stringltem(null, ("The area code " +
(areaCodelLookup(buffer) ? "has"™ : "has not'™) +
' been updated.'"));

// Place at the end of the form

if (foMain.size() == 1) // Only tfPhone on form
fmMain.append(tmp);

else // Replace previous Stringltem
fmMain.set(l, tmp);

else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}

* Compare the area code the user entered with the
* area code table. If a match is found, replace

* the

user"s code with the new code from the table

private boolean areaCodelLookup(char [] buffer)

{

// Get the area code (only) from the users entry
String str = new String(buffer, 0, 3);

for

(int x = 0; x < areaCodeTable.length; x++)

// 1f we find a match in the table
if (str.equals(areaCodeTable[x][0]))

{

}
}

// Delete the area code
tfPhone.delete(0, 3);

// Insert the new area code
tfPhone. insert(areaCodeTable[x][1]-toCharArray(),0,3,0);
return true;

return false;

}

tfPhone.
Stringltem tmp = new Stringltem(null, ("The area code " +

The interesting code begins inside commandAction(), starting with the call to getChars() to
place the phone number into a byte array.

getChars(buffer);

(areaCodelLookup(buffer) ? "has'™ : "has not'™) +
' been updated.'"));

If you look carefully at the line that allocates anew Stringltem, you will see areference to the
method areaCodelLookup (). Let's jump into that method.
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First, we need to extract the area code and storeitinsideaString.

// Get the area code (only) from the users entry
String str = new String(buffer, 0, 3);

Now, loop through the area code table looking for a match between the area code the user entered and
those in the table. If amatch isfound, using the de lete () method of the TextField, remove three
characters, starting at position zero:

tfPhone.delete(0, 3);

At this point we have a phone number with no area code. The next line will insert three charactersinto
tfPhone, at the beginning, using characters from the area code table. Pay close attention to the
values of the offsetsin both the tfPhone and the area code table. It is aso worth mentioning that we
must convert the desired String from the area code table into a character array, asthisisthe data
type expected by the insert() method.

tfPhone. insert(areaCodeTable[x][1]-toCharArray(), 0, 3, 0);

Figures 7—11 and 7-12 show the output. From the | eft the figure demonstrates entering the phone
number, the number before pressing the Test key and the updated phone number with new area code.

Figure 7-11. From left: Form containing an empty TextField; the TextField data entry
screen

Famil 123
Phaore:

5123456789

Figure 7-12. From left: Form and TextField with updated contents; the TextField after
validating the area code
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Using the Password Modifier

If at any point you need to mask characters on the screen, (e.g., when entering a password), you can
apply the PASSWORD modifier to a constraint. Currently, thisis the only modifier available.

Hereisasimple TextField declaration that will accept any character and will mask the input as
each character is entered.

tfPwd = new TextField("'Password:", "', 10,
TextField.ANY | TextField.PASSWORD);

Figure 713 shows the how the password modifier looks on the display.

Figure 7-13. Password modifer; characters are masked as they are entered

Fumnil RELC
Password:

Mask Character

Unfortunately, you cannot choose the character you would like displayed for masking. The
good newsis, it's a safe assumption that most devices will choose the "*" character, which
most users recognize as a means of hiding datainput.
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A Look Inside Constraint Values

To help you maintain your sanity as you write code using constraints, let's look alittle deeper at the
values assigned to each constraint. Begin by skimming over Table 7.10.

Table 7.10. Constraints Values

Constraint Decimal/Hex Value Binary Value
ANY 0 00000000 00000000 00000000
EMAILADDR 1 100000000 00000000 00000001
NUMERIC 2 00000000 00000000 00000010
PHONENUMBER 3 00000000 00000000 00000011
URL 4 00000000 00000000 00000100
PASSWORD (modifier) 0x10000 00000001 00000000 00000000
ICONSTRAINT_MASK (OXFFFF 100000000 1 1111111 11111111

Whether intentional or not in the design of the specification, you cannot combine constraints
(PASSWORD isaspecia case, asI'll point out). | realize thisis not realistic. However, for the sake of
argument, let's combine EMATLADDR and NUMERIC. If you were to combine these as part of a
TextField declaration, it would look similar to the following:

TextField tfeEmail = new TextField("Email:", ", 10,
TextField.EMAILADDR | TextField.NUMERIC);

Here is how we combine the fields using a logical OR operation:

TextField.EMAILADDR 00000000 00000000 00000001
TextField.NUMERIC 00000000 00000000 00000010

logical OR 00000000 00000000 00000011

Unfortunately, if you look in the Table 7.10 you'll see that 00000011 is the value for PHONENUMBER !
Most definitely, thisis not what we had in mind.

Now, let's combine, PASSWORD with EMAILADDR and see what we get

TextField.EMAILADDR 00000000 00000000 00000001
TextField.PASSWORD 00000001 00000000 00000000

logical OR 00000001 00000000 00000001

A reasonable assumption would be that the first (right-most) 16 bits are reserved for constraints.
Because PASSWORD is outside the range of these values, we don't have a collision with another
constraint.

Note
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PASSWORD is a modifier that is to be used along with other constraints. With the
exception of PASSWORD, you cannot combine constraints!

i

To drag this through the mud just alittle further, let's see how the constraint mask works. This mask
was created to work in conjunction with the method getConstraints(). Aswell show below, the
reason for the mask is to remove the PASSWORD modifier. When you need to know the value of the
constraint for aTextField, you cal this method and perform alogical AND operation as follows:

TextField.getConstraints() & TextField.CONSTRAINT_MASK

Thiswill return an integer that represents the current constraint setting. For example, hereisa
declaration specifying the constraint ANY along with the modifier PASSWORD:

TextField tfPwd = new TextField(''Password:", "', 10,
TextField.ANY | TextField.PASSWORD);

Before we move on, lets look at the results of combining the constraint along with the modifier (which
will reveal what is passed to the constructor above):

TextField.ANY 00000000 00000000 00000000
TextField.PASSWORD 00000001 00000000 00000000
constraint value 00000001 00000000 00000000

If at some point we would like to know the constraint setting for tfPwd, we can call the method
getConstraints(). Hereiswhat the method will return:

tfPwd.getConstraints() 00000001 00000000 00000000

In decimal that is 65536, which is a value nowhere to be found in the Table 7.10. To get the value we
are looking for, we need to mask off the modifier:

tfPwd.getConstraints() & TextField.CONSTRAINT_MASK

which looks as follows:

tfPwd.getConstraints() 00000001 00000000 00000000
TextField.CONSTRAINT_MASK 00000000 11111111 12111111
logical AND 00000000 00000000 00000000

Ah, that's better. We can now look up the value of O (zero) in the table and see that this TextField is
using the ANY constraint.

If you would like to check for the PASSWORD modifier specifically, you could insert something along
the lines of:
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ifT ((tfPwd.getConstraints() & TextField.PASSWORD) != 0)
System.out._printIn(*'Password modifier applied™);

No doubt constraints can be quite helpful for filtering input. However, before you jump in, make sure
you understand what functionality they provide, and equally important, their limitations.

Validating User Input

Although TextField supportsinput constraints, it is by no means afoolproof way to
validate user input. For example, using the NUMER I C constraint will most definitely limit
the input to numbers (that's the good news). The bad newsis, thereis no constraint to
specify only positive or only negative values. If your application requires one or the other,
you will need to add code to check for this once you get the value from the TextField.

Choice and ChoiceGroup

Before we can learn about the ChoiceGroup, we need to introduce the Choi ce interface. If you
recall from Chapter 6, an interface is a class that defines a set of methods. It is up to the classes that
"implement"” the interface to provide the body of each method.

The Choi ce interface defines methods that al have to do with manipulating various types of
predefined selections. There are two classes provided in the MIDP that implement the Choice
interface:

public class ChoiceGroup extends Item implements Choice {

public class List extends Screen implements Choice {

}

A ChoiceGroup comesin two types: multiple and exclusive (think checkboxes and radio groups,
respectively; see Table 7.12). Screen shots of both ChoiceGroups using Sun's reference
implementation of MIDP are shown in Figure 7-14.

Figure 7-14. Multiple and exclusive ChoiceGroups
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When we get to Chapter 8, we cover the specifics of the Li st component.

ChoiceGroup API

Table 7.11. ChoiceGroup Class: javax.microedition.lcdui.ChoiceGroup

Method

Description

Constructor

ChoiceGroup(String label, int choiceType)

Create a ChoiceGroup with no el ements

ChoiceGroup(String label, int choiceType, String[]
stringElements, | mage imageElements)

Create a ChoiceGroup and populate with
data from the arrays

Methods

int append(String stringPart, Image imagePart) Add element to end
void delete(int elementNum) Delete element

void insert(int elementNum, String stringElement, Image  |Insert element
imageElement)

void set(int elementNum, String stringPart, Image Set (replace) element

imagePart)

String getString(int elementNum)

Get text (String) associated with element

Image getl mage(int elementNum)

Get Image associated with element

int getSelectedl ndex()

Get the index of the selected e ement

void setSelectedl ndex(int elementNum, boolean sel ected)

MULTIPLE Choice Group-set element
to specified boolean value

EXCLUSIVE Choice Group-set element
to true

IMPLICIT-invalid type for Choice
Group

int getSelectedFlags(boolean[] selectedArray_return)

Store selection statusin an array

void setSelectedFlags(boolean[] selectedArray)

Set selection status from an array

boolean isSelected(int el ementNum)

Is the element currently selected?

int size()

Number of e ements
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The ChoiceGroup component implements the Choi ce interface. There are three pre-defined choice
types, two of which are available with ChoiceGroup (see Table 7.12).

Event Handling for ChoiceGroup
There are two ways in which to detect the status of selections within a ChoiceGroup.
1. ltemStatelListener

When a user changesavaluein aChoiceGroup, if the Form containing the ChoiceGroup
hasregistered an 1 temStateListener, the method itemStateChanged() will be
called. Inside this method you can inquire as to which ChoiceGroup element(s) are selected
using either getSellected Flags() or getSelectedIndex().

Table 7.12. ChoiceTypes: javax.microedition.lcdui.Choice
Value Description
EXCLUSIVE |Only one selection available at any time
MULTIPLE  |Zero or more selections available at any time
IMPLICIT  |Not available for ChoiceGroup (see List component in Chapter 8)

Should it be helpful as part of your application logic, this functionality allows you to track
what actions a user is performing on a ChoiceGroup. This may be helpful when a choice
selected affects other information on the display.

For example, in Figure 7-14 notice the "Column Wrap" option. Below thisisaTextField
component that allows for a user to specify the column in which to generate atext wrap. With
this type of event handling, you could add or remove the TextField based on whether or
not "Column Wrap" is selected.

2. CommandListener

If thereisaCommandListener registered with the Form that contains the ChoiceGroup,
you can add a Command (s) to signal your program to query the selection status. This signal
will arrive as a call to the method commandAction().

For example, in Figure 7-14 if a user selected the "Save" command you could make note of
the preferences selected and write them to persistent storage for later recall.

Example: Exclusive Choice

Examples 7.8 and 7.9 will each construct a ChoiceGroup using the append () method. When we
learn about the Image class in the next section, you'll see how to create a ChoiceGroup using an
array of String and Image objects.

Our first example will be that of an exclusive choice, where only one option can be selected at any
time. It isrequired by the device implementation to always have one item selected. If you don't specify
which item to select when creating the list, the implementation will decide, most likely selecting the
first element.
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If you look inside the constructor you'll see the how to declare an exclusive ChoiceGroup:

cgEmail = new ChoiceGroup(*Email Options'™, Choice.EXCLUSIVE);

A few lines down, we append entriesinto the ChoiceGroup. We are also making note of the index
of the "reply" entry:

replylndex = cgEmail.append("'Reply", null);
Example 7.8 ExclusiveChoiceGroup.java

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

public class ExclusiveChoiceGroup extends MIDlIet implements
CommandListener

{
private Display display; // Reference to display object
private Form fmMain; // The main form
private Command cmEXit; // A Command to exit the MIDlet
private Command cmView; // View the choice selected
private ChoiceGroup cgEmail; // Choice group
private int replylndex; // Index of "reply"™ in choice group

private int choiceGrouplndex; // Index of choice group on form

public ExclusiveChoiceGroup

{
display = Display.getDisplay(this);

// Create an exclusive (radio) choice group
cgEmail = new ChoiceGroup("Email Options'™, Choice.EXCLUSIVE);

// Append options, with no associated images
cgEmail .append("'Read", null);

replylndex = cgEmail.append("Reply", null);
cgEmail .append(*'Forward', null);

cgEmail .append(*'Delete™, null);

// Set "reply" as the default/selected option
cgEmail .setSelectedIndex(replylndex, true);

cmExit = new Command("Exit', Command.EXIT, 1);
cmView = new Command(*View', Command.SCREEN,?2);

// Create Form, add components, listen for events
fmMain = new Form(*"");

choiceGrouplndex = fmMain.append(cgEmail);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmView) ;
fmMain.setCommandListener(this);

}

// Called by application manager to start the MiIDlet.
public void startApp(Q
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{
display.setCurrent(fmMain);

}
public void pauseApp(Q)
{1}
public void destroyApp(boolean unconditional)
{7}
public void commandAction(Command c, Displayable s)
{
if (c == cmView)
{
// Build a string showing which option was selected
Stringltem siMessage = new Stringltem("'You selected: ",
cgEmail .getString(cgEmail .getSelectedIndex()));
fmMain.append(siMessage);
// Delete the choice group & view button
fmMain.delete(choiceGrouplndex);
fmMain.removeCommand(cmView) ;
else if (c == cmExit)
destroyApp(false);
notifyDestroyed();
}
}

}

WEe'll use thisindex to pre-select an entry in the ChoiceGroup. Keep in mind, if you do not specify
which entry to show as selected, the device implementation will decide for you.

cgEmail _setSelectedIndex(replylndex, true);

Once the user has selected an entry and pressed the "View" command, we display a message showing
which entry they chose. Inside commandAction() wewill create anew Stringltem to display the

message:

Stringltem siMessage = new Stringltem("'You selected: ",
cgEmail _getString(cgEmail .getSelectedIndex()));

Thelabel for the Stringltemis"You selected”. The text message is created by nesting two
ChoiceGroup method callsinside Stringltem

e cgEmail.getSelectedlIndex() returnstheinteger value of the currently selected entry.
Thisvalue is passed as a parameter to the next method.
e cgEmail.getString() returnsaString object of the item selected.

The end result of these two callsis atext string that shows which option was chosen. Before leaving
commandAction() well removethe ChoiceGroup and "View" Command from the display. Here
isthe output for this example:
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Figure 7-15. On the left, "Reply" is the default selection. In the middle, choose "Delete"
and press the "View" command. The result is shown on the right.
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Example: Multiple Choice

Often times, having a single selection is not sufficient. For example, when a user is setting preferences,
you may like to present alist of features, and the user ssimply places a checkmark by each feature they
would like to enable.

Y ou can very easily transform aChoiceGroup into amulti-selection list, aswe'll seein the next
example. We'll aso include the following:

e A'sdect all" feature. Theresult isthe same asif the user clicked each option individually to
enableit.

e Anoption to print to the console the selection status of each itemin the ChoiceGroup.
Example 7.9 MultipleChoiceGroup.java

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

public class MultipleChoiceGroup extends MIDlet implements
ItemStateListener, CommandListener

{
private Display display; // Reference to display object
private Form fmMain; // The main form
private Command cmEXit; // A Command to exit the MIDlet
private Command cmView; // View the choice selected
private int selectAlllndex; // Index of the "Select AlIl" option
private ChoiceGroup cgPrefs; // Choice Group of preferences
private int choiceGrouplndex; // Index of choice group on form

public MultipleChoiceGroup

{
display = Display.getDisplay(this);

// Create a multiple choice group
cgPrefs = new ChoiceGroup("'Preferences"™, Choice.MULTIPLE);
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// Append options, with no associated images
cgPrefs._append(*'Auto Indent™, null);
cgPrefs._append(*'Replace Tabs'™, null);
cgPrefs.append("Wrap Text', null);

selectAllIndex = cgPrefs.append(*'Select All", null);

cmExit = new Command("Exit', Command.EXIT, 1);
cmView = new Command(**View', Command.SCREEN,?2);
// Create Form, add components, listen for events
fmMain = new Form(*"");

choiceGrouplndex = fmMain.append(cgPrefs);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmView) ;
fmMain.setCommandListener(this);
fmMain.setltemStateListener(this);

}

public void startApp()
{

display.setCurrent(fmMain);

}

public void pauseApp()
{3

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

{

if (c == cmView)

{

boolean selected[] = new boolean[cgPrefs.size()];

// Fill array indicating whether each element is checked
cgPrefs.getSelectedFlags(selected);

for (int 1 = 0; 1 < cgPrefs.size(); i++)
System.out.printIn(cgPrefs.getString(i) +
(selected[i] ? ": selected” : ": not selected™));

else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}

public void itemStateChanged(ltem item)
{
if (item == cgPrefs)

// 1s "Select all" option checked ?
if (cgPrefs.isSelected(selectAlllndex))
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// Set all checkboxes to true
for (int i = 0; 1 < cgPrefs.size() - 1; i++)
cgPrefs._setSelectedIndex(i, true);

// Remove the check by "'Select All"
cgPrefs.setSelectedindex(selectAllIndex, false);
}
}
}
}

Changing a ChoiceGroup from exclusive (single-choice/radio group) to multipleis nearly effortless.
Merely change the "type" parameter sent to the ChoiceGroup constructor:

cgPrefs = new ChoiceGroup(*'Preferences”™, Choice_ MULTIPLE);

Our "select all" feature will be carried out when the user selects the last element in the ChoiceGroup
(see Figure 7-16). To identify this element, we need to save the index of where this element was
inserted in the ChoiceGroup:

Figure 7-16. Multiple ChoiceGroup. On the left, one element selected; on the right, the
result of choosing "Select All."

ITlll" ITlll" B
Preferences - B|Preferences

ClAuto Indent | Eauto Indent
PEReplace Tabs

Clyrap Text By
Clselect Al

selectAllIndex = cgPrefs.append(*'Select All", null);

Aswe learned earlier, once we've added an 1temStateListener to aForm, any timeachangeis
made to an I'tem (DateField, Gauge, ChoiceGroup and TextField) the method
itemStateChanged() will be caled. Here's how we create the "listener":
fmMain.setltemStateListener(this);

Note

When using I temStatelL istener, the device implementation will decide when
to call the method itemStateChanged(). Itisnot required that this method
3 be called on every change.
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Sun'simplementation of MIDP (version 1.0) does call i temState Changed() each time you
select/unselect a ChoiceGroup element. However, for aDateField, itemStateChanged() is
only called once you leave the DateField edit screen.

Inside i temStateChanged() we check to seeif selectAll Index has been chosen by the user,
and if so, we will loop through the entire Choi ceGroup setting the selected statusto true (selected)
for each other element.

To keep the display interface consistent, I've also chosen to reset the "select al" element to false
when leaving i temStateChanged(). If you think about this for a moment, it makes sense. If | were
to leave it checked, and a user were to "unselect" a different element(s) in the ChoiceGroup, you
would haveto click the "select al" option twice (onceto turn it off, another to turn it back on) to reset
all elements to true (selected) again.

Figure 7-17. Clicking the View command. The console shows the selection status of
each element in the Choice Group.

e R
Preferences
Eauto Indent
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Auto Indent: selected
Replace Tahs: not selected
Wrap Text: selected

Select All: not selected

iT (cgPrefs.isSelected(selectAlllndex))

// Set all checkboxes to true

for (int i = 0; 1 < cgPrefs.size() - 1; i++)
cgPrefs.setSelectedindex(i, true);

// Remove the check by '"'Select All"

cgPrefs._setSelectedIindex(selectAlllndex, false);

}
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Image and Imageltem

The Image I tem class allows you to specify how you would like an image displayed on a Form—ifor
example, centered horizontally, to the left or to the right (see Figures 7—18 and 7—19). However, your
preferenceis not cast in stone. It is still up to the device implementation to decide where the image
will actually appear. When you consider the range of devices that may implement the MID Profile,
this flexibility, from an implementation point of view, makes sense.

Figure 7-18. Image layout: Code Block A and B. Left screenshot:
LAYOUT_NEWLINE_BEFORE | LAYOUT_CENTER | LAYOUT_NEWLINE_AFTER. Right
screenshot: LAYOUT NEWLINE_BEFORE | LAYOUT_LEFT | LAYOUT NEWLINE_AFTER

Figure 7-19. Image layout using Code Block C and D. Left screenshot:
LAYOUT_NEWLINE_BEFORE | LAYOUT_RIGHT | LAYOUT_NEWLINE_AFTER. Right
screenshot: No Directives

Before going any further with Image I tem, we need to introduce the Image class. Animageon a
mobile device can come in two flavors:
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Immutable: Asthe name implies, once you create this type of image, it cannot be changed. In
most cases, you will create an immutable image from aresource, such as afile, or content
stored in a data structure, such as a byte array. Y ou can also convert a mutable image to

immutable.

Immutable images can be placed on a Form (Figure 7—22), shown alongside each element of
aChoiceGroup or List (Figure 7-21), or displayed as part of an Alert component

(Figure 8-16).

Figure 7-21. ChoiceGroup component using an array of Image objects. The
console output is displayed when selecting the View command.

[f=“core_jZme~hookex
the path is .- transap
Good — Required Manif
Upload:=: not selected
Dovnload: selected
Help: not selected

Figure 7-22. A mutabe image with centered text, converted to immutable and
appended to a Form

Mutable: These image objects provide the ultimate in flexibility. When you create this type of
image, you are doing nothing more than setting aside a chunk of memory that you will draw
into, at some point, to create the image. An immutable image becomes visible when you
specifically request it to be drawn to the display (e.g., using the paint() method as part of
the Canvas class). We will learn more about mutable images in Chapter 9.
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Table 7.13 lists the methods for managing an Image. Table 7.15 lists the methods of the Image Item
class.

Image API
Table 7.13. Image Class: javax.microedition.lcdui.lmage
Method Description

Createan Image™

static Image cr eatel mage(String name) Create immutable image from resource

static Image cr eatel mage(l mage source) Create immutable image from existing
Image

static Image cr eatel mage(byte[] imageData, int imageOffset, |Create immutable image from array

int imageL ength) data

static Image cr eatel mage(int width, int height) Create mutable image

Methods

Graphics getGraphics() Get reference to Graphics object for
mutable image

int getHeight() Get the height of Image

lint getWidth() Get the width of Image

Iboolean isM utable() \Determine if image is mutable

[”CmamdmsnMU%dmcmmemewe
Specifying Image Layout

If you would like to specify a preference asfar as how an Image will be displayed (left, right, center,
etc.), thisis done through the Image I tem class. See Table 7.14 for alist of the various layouts
available. The following code creates an image and appends it to aform requesting that the image be
centered in the display.

// Create an image
Image im = Imae.createlmage(''/someimage.png™);

// Append to a form with the specified layout

fmMain.append(new Imageltem(null, im,
Imageltem_.LAYOUT_CENTER, null));

Table 7.14. Imageltem Layouts: javax.microedition.lcdui.lmage

\ Value | Description
ILAYOUT_DEFAULT \Use the default layout of the device implementation.
LAYOUT LEFT The image should appear on the left.
LAYOUT_RIGHT The image should appear on the right.
LAYOUT_CENTER Center the image horizontally.

LAYOUT_NEWLINE_BEFORE|Insert a newline before the image is drawn. This assures that
previous text/images will appear above the image (not sharing the
same horizontal space).
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LAYOUT _NEWLINE _AFTER |Insert a newline after the image is drawn. Subsequent text/images
will appear below the image.

Imageltem API

Table 7.15. Imageltem Class: javax.microedition.lcdui.Imageltem

| Method | Description

\Constr uctor |

I magel tem(String label, Imageimg, int layout, |Create an Imageltem

String atText)

\M ethods |

Image getl mage() Get Image associated with Imageltem

void setl mage(lmage img) Set Image to be associated with Imageltem

int getL ayout() Get the current layout directives

\void setL ayout(int layout) Set new layout directive

String getAltText() Get alternate text to display if image cannot be
shown on the device

void setAltT ext(String text) Set alternate text to display if image cannot be
shown on the device

A Look Inside Layout Directives

Take amoment to review the layout directivesin Table 7.16.

Table 7.16. Layout Directives

Directive Decimal/Hex Value Binary Value
LAYOUT_DEFAULT 0 00000000 00000000
LAYOUT_LEFT 1 00000000 00000001
LAYOUT_RIGHT 2 00000000 00000010
ILAYOUT_CENTER 3 /00000000 00000011
ILAYOUT_NEWLINE_BEFORE 0x100 /00000001 00000000
ILAYOUT_NEWLINE_AFTER 0x200 100000010 00000000

It may not be obvious at first glance; however, it'simportant to understand that the first four directives
were not intended to be combined (with each other). Although abit contrived, here is an example
combining LAYOUT _RIGHT with LAYOUT_CENTER:

Imageltem.LAYOUT_RIGHT 00000000 00000010
Imageltem.LAYOUT_CENTER 00000000 00000011
logical OR 00000000 00000011

Y ou've gained nothing by combining these directives. In fact, you are left with a directive equaling
one of the original values, LAYOUT_CENTER.
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On the other hand, the last two directives are specifically intended to be used aong with other
directives. For example:

Imageltem.LAYOUT_CENTER 00000000 00000011
Imageltem.LAYOUT_NEWLINE_BEFORE 00000001 00000000

logical OR 00000001 00000011

Notice that the result is a unique value. That's a good thing. With this unique value the MIDP
implementation can mask off the upper or lower eight bits and determine what directives were used to
create the current value. For instance:

Result from above 00000001 00000011
Mask off upper 8 bits 11111111 00000000
logical AND 00000001 00000000

Theresult tells us the origina request was a directive combined with LAYOUT NEWL INE_BEFORE.
Masking the other side:

Result from above 00000001 00000011
Mask off lower 8 bits 00000000 11111111
logical AND 00000000 00000011

Referring back to Table 7.16, we now know the entire directive that was originally requested—
LAYOUT _CENTER combined with LAYOUT NEWL INE_BEFORE

Thisisimportant for two reasons. First, the MIDP implementation on a device needsto be able to
correctly determine what directives you regquested. Second, when you call the method
Imageltem.getlLayout(), you will be returned an integer value that is a combination of the
directives currently assigned to the object. Y ou will need to pull apart the integer value, by masking
off bits, to determine what directives were applied when creating the Image I tem.

We can take this one step further:

Imageltem.LAYOUT_CENTER 00000000 00000011
Imageltem.LAYOUT_NEWLINE_BEFORE 00000001 00000000
Imageltem.LAYOUT_NEWLINE_AFTER 00000010 00000000

logical OR 00000011 00000011

Once again, we still have a unique value. The implementation can determine (by masking off bits) that
we have requested a newline before drawing the image, as well as a newline after drawing the image.

Example: Immutable Image from a File

Example 7.10 shows how to create an Image from afile resource (a PNG file stored in aJAR file)
and uses Image I tem to demonstrate several placement directives.

Example 7.10 ImmutablelmageFromFile.java
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import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;

public class ImmutablelmageFromFile extends MIDlet implements

CommandListener

{
private Display display; // Reference to Display object
private Form fmMain; // The main form
private Command cmEXit; // Command to exit the MIDlet

public ImmutablelmageFromFile()

{

display = Display.getDisplay(this);

cmExit = new Command("Exit", Command.EXIT, 1);
fmMain = new Form(*"");
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

try

//

Read the appropriate image based on color support

Image im = Image.createlmage((display.isColor()) ?

//

""/image_color.png':"/image_bw.png'™);

Code Block A

fmMain.append("'A1™);
fmMain.append(new Imageltem(null, im,

Imageltem.LAYOUT_NEWLINE_BEFORE]
Imageltem.LAYOUT_CENTER]
Imageltem.LAYOUT_NEWLINE_AFTER, null));

fmMain.append("'A2'");

//
//
//
//
//

//

//
//
//
//
//

//

//
//
//
//
//
//
//

//

Code Block B

fmMain._append(*'B1');

fmMain.append(new Imageltem(null, im,
Imageltem.LAYOUT_NEWLINE_BEFORE |
Imageltem.LAYOUT_ LEFT]|
Imageltem_.LAYOUT_NEWLINE_AFTER, null));

fmMain._append(*'B2'");

Code Block C

fmMain.append(''C1');

fmMain.append(new Imageltem(null, im,
Imageltem.LAYOUT_NEWLINE_BEFORE |
Imageltem.LAYOUT _RIGHT|
Imageltem.LAYOUT _NEWLINE_AFTER, null));

fmMain.append(''C2');

Code Block D
fmMain.append("'D1"");

fmMain.append(im);
fmMain.append(*'D2"™);

View the layout directives
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// System.out.printIn(‘'Layout Directives:" +
// ((Imageltem)fmMain.get(1l)) .getLayout());
display.setCurrent(fmMain);

catch (Java.io.l0Exception e)

{

}
}

public void startApp(Q)

{
display.setCurrent(fmMain);

}

public void pauseApp(Q)
{
}

public void destroyApp(boolean unconditional)
{
3

public void commandAction(Command c, Displayable s)

{
ifT (c == cmExit)
{

System.err.printIn("'Unable to locate or read .png file™);

destroyApp(false);
notifyDestroyed();
}
}
}

| have created four code blocks inside the constructor method, the first three defining a unique
combination of directives the last, no directive. To see the output of each block, you will need to run
the MIDlet four times, once for each block of code. Asit is shown in Example 7.9, Code Block A will
be compiled and run; al the remaining blocks are commented out.

Before we look at the output, let's see how to read an image from a resource.

// Read the appropriate image based on color support
Image im = Image.createlmage((display.isColor()) ?
""/image_color.png':"/image_bw.png'™);
fmMain._append (A1) ;
fmMain.append(new Imageltem(null, im,
Imageltem.LAYOUT NEWLINE_BEFORE|
Imageltem.LAYOUT CENTER]
Imageltem_.LAYOUT_NEWLINE_AFTER, null));
fmMain.append(**'A2'");

| have two PNG image files that | created: image_color.png and image_bw.png. We create an Image
object using the appropriate file, based on the color support of the device. Next, we append atext
string, followed by the image (with various layout directives), followed by another text string. The
reason for the text strings will be apparent as you run each code block. Y ou'll see how the directives
affect the image placement.
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Figures 7-18 and 7—19 show how the display changes based on the layout directives specified.
Example: Reading and Displaying a File

Although reading the contents of afile has little to do with image processing, there is some thought
behind why thistopic is placed here.

In the previous example we created an Image object from afile. An obvious question at the time
would have been, how does a MIDlet locate the file? The answer lies with the class loader. The loader
knows how to search and access resources inside the MIDlet Suite. It stands to reason if the loader can
find resources, our MIDlets should be able to aswell. And yes, thisistrue. To show how thisis
accomplished, the next example will read and display the contents of afile resource.

For our example, let's assume we want to store help information in atext file. The benefit over this
approach, versus hard-coding the text in the application, isthat if the help text ever changes, we
simply need to update the MIDIlet Suite (JAR file) with the new help file.

Up to this point, I've till avoided the question, how do we access a resource? We can obtain a
reference to the input stream of a resource with following code:

InputStream is = getClass().getResourceAsStream('help.txt'™);

Although accessing the resource is quite simple, explaining how this works is not as straightforward.
During execution of your MIDIet, for each object loaded, there is runtime information stored. One
reason thisis necessary isfor the VM to identify the methods associated with an object. Y ou can
access this same runtime information using the Java. lang.Object. getClass(). The end result
of thiscall isan object of the class Class (no, that's not atypo, thereisaclass called Class).

One of the methods available inside Class isgetResource AsStream(). This method returns an
input stream to the resource requested. From here, you can read the contents of the stream and process
it however you seefit.

Let'slook at Example 7.11.
Example 7.11 ReadDisplayFile.java

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

public class ReadDisplayFile extends MIDIet implements CommandListener

{
private Display display; // Reference to Display object

private Form fmMain; // Main form

private Command cmHelp; // Command to show a help Ffile
private Command cmEXit; // Command to exit the MiIDlet
private Alert alHelp; // Alert to display help file text

public ReadDisplayFile ()

{
display = Display.getDisplay(this);
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cmHelp
CmEXit

= new Command("'Help'", Command.SCREEN, 1);
= new Command("Exit", Command.EXIT, 1);
fmMain = new Form(*'Read File™);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmHelp);
fmMain.setCommandListener(this);

}

public void startApp()

display.setCurrent(fmMain);
}

public void pauseApp()
{}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)
{
if (c == cmHelp)
{
String str;
// Access the resource and read its contents
if ((str = readHelpText()) !'= null)

// Create an Alert to display the help text
alHelp = new Alert("Help", str, null, null);
alHelp.setTimeout(Alert.FOREVER);

// Display the alert followed by the main form
display.setCurrent(alHelp, fmMain);

}
else if (c == cmExit)

destroyApp(false);
notifyDestroyed();
}
}

private String readHelpText()

{
InputStream is = getClass().getResourceAsStream("'help.txt'™);
try

{
StringBuffer sb = new StringBuffer();

int chr, i = 0;

// Read until the end of the stream

while ((chr = is.read()) != -1)
sb.append((char) chr);

return sb.toString();

catch (Exception e)

{
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System.out.printIn("'Unable to create stream);

}

return null;

}
}

There are two sections of code worth pointing out. The method readHe IpText() is home to the
code for opening an input stream and reading the help file into aStringBuffer. Inside
commandAction() isthecal to readHelpText(), which also displays amodal Alert dialog
with the help information. The output for the MIDlet is shown in Figure 7-20.

Figure 7-20. Displaying the contents of a file stored in a MIDlet suite

T il
Fead File

Whether you are reading a text file as we've done here, or have a need to access any other resourcein
aMIDlet suite, the steps for acquiring and reading from a stream will vary little.

Example: Array of Images with ChoiceGroup

In the previous section we discussed the ChoiceGroup component. Now that we are familiar with
the Image object, we can now show an additional example of how to create aChoiiceGroup using
an array of Image objects and String objects (Example 7.12). Let'stake alook:

Example 7.12 ChoiceGroupWithimages.java

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

public class ChoiceGroupWithImages extends MIDlet implements
CommandListener

{
private Display display // Reference to display object
private Form fmMain; // Main form
private Command cmEXit; // Command to exit the MIDlet
private Command cmView; // View the choice selected

private ChoiceGroup cgPrefs; // Choice Group of preferences

public ChoiceGroupWithlmages ()
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{
display = Display.getDisplay(this);

try

// Create array of image objects

Image images[] = {Image.createlmage(*'/up.png™),
Image.createlmage(*'/down_png™),
Image.createlmage(*'/help.png'™) };

// Create array of corresponding string objects
String options[] = {"Upload", "Download"™, "Help"};

// Create a choice group using arrays
cgPrefs = new ChoiceGroup(*Select Option:",
Choice.EXCLUSIVE, options, images);
}

catch (Java.io.l0Exception e)

{

System.err.printIn("'Unable to locate or read .png file™);

}

CmEXit
cmView

= new Command("Exit", Command.EXIT, 1);

= new Command(*'View', Command.SCREEN,?2);
// Create Form, add components, listen for events
fmMain = new Form(*"");

fmMain.append(cgPrefs);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmView) ;
fmMain.setCommandListener(this);

}

public void startApp()

{
display.setCurrent(fmMain);

}
public void pauseApp(Q)

{3}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

if (c == cmView)

{

boolean selected[] = new boolean[cgPrefs.size()];

// Fill array indicating whether each element is checked
cgPrefs.getSelectedFlags(selected);

// Print to console the status of each element
for (int 1 = 0; 1 < cgPrefs.size(); i++)
System.out.printIn(cgPrefs.getString(i) +
(selected[i] ? ": selected” : ": not selected™));
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else if (c == cmExit)

{
destroyApp(false);

notifyDestroyed();

}
}
}

Inside the constructor class, we create an array of Image objects and a corresponding array of
String objects, we aso alocate aChoiceGroup passing in these same arrays.

Image images[] = {Image.createlmage(*'/up.png™),
Image.createlmage(*'/down.png™),
Image.createlmage(""/help.png™) };

// Create array of corresponding string objects
String options[] = {"Upload", "Download"™, "Help"};

// Create a choice group using arrays
cgPrefs = new ChoiceGroup(*'Select Option:",
Choice.EXCLUSIVE, options, images);

The interface will also include a"View" command to see the current status of each selection in the
ChoiceGroup (see Figure 7-21).

Example: Mutable Image and Graphics Object

A mutable image is a no-frills Image object. Until you draw into the image, using methodsin the
Graphics class, it is nothing more than an off-screen areain memory. Y ou create a mutable image
by specifying the desired width and height of the image.

WEe'll conclude this chapter by creating a mutable image, drawing text into the image, converting the
mutable image to immutable and placing the resulting image onto aForm (Example 7.13). The reason
for running through these hoopsisthat a Form (aswell asan Alert, Choice and Image I tem) only
accepts immutable images. Therefore, if you create a mutable image during application runtime and
you plan to usetheimage on aForm, Alert, Choice or Image I tem, you will need to follow a
similar set of steps.

Example 7.13 Mutablelmage.java

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

public class Mutablelmage extends MIDlet implements CommandListener

{

private Display display; // Reference to display object
private Form fmMain; // Main form

private Command cmEXit; // Command to exit the MIDlet
privatestaticfinalString message = "Core J2ME";

public Mutablelmage()

{

display = Display.getDisplay(this);
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// Create a mutable image and get graphics object for image
Image tmplmg = Image.createlmage(80, 20);
Graphics graphics = tmplmg.getGraphics();

// Specify a font face, style and size

Font font = Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_ITALIC, Font.SIZE_MEDIUM);

graphics.setFont(font);

// Center the text in the image

graphics.drawString(message,
(tmpImg.getWidth() 7/ 2) - (font.stringWidth(message) /7 2), O,
Graphics.TOP | Graphics.LEFT);

// Draw a rectangle around the image
graphics.drawRect(0,0,
tmplmg.getWidth() - 1, tmplmg.getHeight() - 1);

cmExit = new Command("Exit", Command.EXIT, 1);
fmMain = new Form(*"");
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

// Convert the image to immutable and add to the form
fmMain.append(Image.createlmage(tmpimg));
display.setCurrent(fmMain);

}
public void startApp()

display.setCurrent(fmMain);
}

public void pauseApp(Q)

{
}

public void destroyApp(boolean unconditional)

{
}

public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}
}

Figure 7—22 shows the end result—a mutable image converted to immutable and placed on aForm.

We create amutable image by calling the create Image () method that requires two integer vaues:
the width and height. Before we can draw or write into the image, we need to obtain areferenceto a
Graphics object.
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Image tmplmg = Image.createlmage(80, 20);
Graphics graphics = tmplmg.getGraphics();

We now have a meansto draw directly into the image. To make this alittle more interesting, we
specify afont, center the text message inside the image and draw a rectangle around the image to
show the boundaries (boundingbox). We wrap all this up by converting the mutable image to
immutable and appending to the form.

// Convert the image to immutable and add to the form
fmMain.append(Image.createlmage(tmpimg));
display.setCurrent(fmMain);

WEe'l cover the specifics of fonts and graphicsin Chapter 9.
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Chapter 8. HIGH-LEVEL USER INTERFACE: PART Il
Topicsin this Chapter

List

TextBox

Alert and AlertType
Ticker

We started Chapter 7 by introducing the Screen and the Form classes. Then we dug deeper, looking
at all the components that were subclasses of 1tem, each of which can be added to aForm. Let's
revisit the hierarchy diagram shown earlier.

All the user interface components we covered up to this point, with the exception of Form, were
subclasses of 1tem. We are now about to introduce List, TextBox, Alert and Ticker. Each of
these ison the same "level," if you will, asthe Form. It's probably better to say that each extends the
Screen class, as does the Form. The one exception isthe Ticker class. Ticker not a subclass of
Screen. To be more preciseg, it isavariable defined in the Screen class. The actual declarations are
asfollows:

public abstract class Screen extends Displayable {

private Ticker ticker = null;
}

Thus, aTicker can be associated with any (and actually with multiple) Screen object(s). There will
be more on the Ticker class near the end of this chapter.

Repeated from Chapter 7, here are the class definitions for the hierarchy shown in Figure 8-1.

Figure 8-1. Displayable class hierarchy

Display One Display object per MIDet
Mvailable in subclagsas
Command o Dapayanie Dlsnla'.'anle

_Variablein __ Mathads for .
Scroan Class - drawing on Canvas
[ TextBox ] [ List ] [ Alert Fosm

)
[In1|=_-|:1£||::|=_l] ]/

[Ch-:w:eﬁrnupi I DateField Imageltem -E l Stringltem ]

[ TeniFiald J[ Gauwge J
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Display (public class Display)

Displayable (public abstract class Displayable)
Screen (public abstract class Screen extends
Displayable)
TextBox (public class TextBox extends Screen)
List (public class List extends Screen
implements Choice)
Alert (public class Alert extends Screen)
Form (public class Form extends Screen)
Item (public abstract class Item)
ChoiceGroup (public class ChoiceGroup extends Item
implements Choice)
DateField (public class DateField extends Item)
TextField (public class TextField extends Item)
Gauge (public class Gauge extends ltem)
Imageltem (public class Imageltem extends Item)
Stringltem (public class Stringltem extends Item)
Canvas (public abstract class Canvas extends
Displayable)
Command (public class Command)
Ticker (public class Tickler)
Graphics (public class Graphics)
Choice (public interface Choice)

One significant difference between the components presented in this chapter and those covered thus
far is how they are presented on the display. A Form can hold any number of 1tems. And along with
that, aForm will handle any scrolling necessary to accommodate multiple components.

For example, aForm prompting a user for bank account information may contain severa
TextFields pertaining to an account number, email address and password. Each of these may be
visible on the display at the same time. The Form will provide scrolling if necessary.

In contrast, aList, TextBox and Al ert each operate independently. Once a TextBox is set asthe
active display, it isthe only component visible. The same appliesto an Alert and List. In essence,
aFormislike acontainer for other visual components, whereas List, TextBox and Alert are
standalone.

Bear in mind that whether we are referring to aForm, List or TextBox or Alert, each can

accommodate Command objects as well. So when | state that TextBox isthe only component on the
display, this does not consider any Command objects that may be present.

List

A List contains a series of choices presented in one of three formats. Two of these are shown in
Figure 8-2: multiple and exclusive.

Figure 8-2. Multiple and Exclusive Lists

147



F il EEER X o EiL N
List MULTIPLE & List EXCLUSIVE

[(Jauta Indent i '
B Drag-n-Drop

abs

The third typeistheimplicit list (see Figure 8-3). Notice the simplicity of the list and the lack of radio
buttons and checkboxes. I've aso removed the "Save" command from the display. In a moment, you'll
understand why such a command is no longer necessary.

Figure 8-3. Implicit List
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Event Handling for List

In Chapter 6 we discussed event handling. However, given the differences in dealing with user
interaction of aList versus ChoiceGroup, thistopic deserves some additional attention.

If you page back to Figure 7—14 and compare this to Figure 82, you'll notice just how similar the
List and ChoiceGroup appear to be. The appearance is where the resemblance ends. Event
handling for each is quite different. Let's quickly recap the event handling options for a
ChoiceGroup:

1. Specify an ItemStatel istener for the Form containing the ChoiceGroup. When a user
changes a selection, the method i temStateChanged() iscalled.
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2. AddaCommand (s) to the Form containing the ChoiceGroup; for example, a"Save'or
"Exit" Command. When a Command isissued by the user, the method commandAction()
will be called.

Event Changes to a choicecroup (Or any ltem)

The specification does not require i temStateChanged () to be invoked each time a
change is detected. Look back to Chapter 6 in the section Item and
ItemStateListener for the rules set forth regarding when events/changes must be
acknowledged.

Following are the event handling optionsfor aList:

1. Exclusive and multiple lists: No event is triggered when auser changesaList element. To
determine the status of the various elements, you will need a break in the action. Typicaly,
thiswill be when a user selects a Command (as explained earlier for aChoiiceGroup).

For example, you may have a multiple-selection list on the screen with various application
preferences, as shown in Figure 8—2. When a user choosesto "Save," you could write the
preferences to persistent storage.

2. Implicit list: Upon selection of an element in the List, an event isimmediately generated. As
with exclusive and multiple, the method commandAction() will be caled. Given what we
know from pervious run-ins with this method, it is only invoked if aCommandListener is
registered. Following is a partial example to register alistener for an implicit List:

Ismain = new List("Email Options™™, Choice.IMPLICIT);
Ismain.setCommandListener(this);

The classic example of an implicit List isthat of a menu. When presented with a series of
optionsin amenu (see Figure 8-3), once you make a selection the action isimplicitly carried
out. Put another way, once you choose an option from a menu, the menu goes away and you
are whisked off to the code that carries out the action.

To put that description into a picture, visualize a pull-down menu inside aword processor. |f
you click on the Edit menu, you'll typically see options such as cut, copy, paste, search and
replace. Once you've moved the mouse over your choice and clicked, the menu disappears
and the action is carried out.

Asafina clarification, unlike the ChoiceGroup, aList does not have the option of
registering an 1temStatelListener.

Comparison of ChoiceGroup versus List

ChoiceGroup and List are so closely related that without alittle nudge you may have a hard time
differentiating between aList and aChoiceGroup. Here are afew thoughts to help clarify:

Similarities
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e Both implement the Choice interface. This interface defines a common set of methods:
adding, deleting and getting elements, to name just a few.
e Both can show explicit choices (radio buttons) or multiple choices (check boxes).

Appearance Difference

e A ChoiceGroup appears aspart of aForm. That is, there may be other components on the
display. To be specific, there may be other objects of the Item class on the Form. Keepin
mind that due to the limited display size, a user may need to scroll up and down to see al the
components.

e A List occupiesthe display as asingle entity. No other components will be visible at the
same time. Once again, you may need to scroll up and down to see al the elementsin thelist,
but the list is the sole component active on the display.

e Onepoint to drill home: Whether we are referring to aForm (with aChoiceGroup) or a
List, both can accommodate Command objects. So when we say that alist is the only entity
on the display, this does not take into consideration any commands that may be available. See
Figure 84, which shows alist and two commands: "Exit" and "Add."

Figure 8-4. Implicit List created with an array of Strings and an array of Images
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Implementation Differences
e ChoiceGroup can have the following types:
MULTIPLE: Any number of elements can be selected (Checkbox)
EXCLUSIVE: One element is selected at any given time (Radio Group)
e List can have the following types:
MULTIPLE: Any number of elements can be selected (Checkbox)
EXCLUSIVE: One element is selected at any given time (Radio Group)

IMPLICIT: Selection of an element generates an event (Menu)
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e Event processing for aChoiceGroup can use either an 1temStatelListener to detect
changes, which will result in acall to the method i temStateChanged(), or you can have a
Command object on aForm trigger a call to the method commandAction().

e A Listisnotasubclassof I'tem: Therefore, thereisno listener available to detect changes
to individual elements. Events for an implicit list are generated as soon as a selection is made.
With alist you aso have the option to use a Command object to initiate an event. Whether an
implicit list or acommand(s) trigger an event, the method commandAction() iscalled.

List API

Table 8.1. List Class: javax.microedition.lcdui.List
| Method | Description
\Constructor |
List(String title, int listType) Create anew List with no elements
List(String title, int listType, String[] stringElements, Create anew List and populate with data
Image]] imageElements) from the arrays
lint append(String stringPart, Image imagePart) \Add element to end
void delete(int elementNum) Delete an element at specified index
void insert(int elementNum, String stringPart, Image Insert element at specified index
imagePart)
void set(int elementNum, String stringPart, Image Set (replace) element at specified index
imagePart)
String getString(int elementNum) Get text of element at specified index
Image getl mage(int elementNum) Get Image of element at specified index
int getSelectedl ndex() Get index of selected element

void setSelectedl ndex(int elementNum, boolean selected) |MULTIPLE LIST—set element to
specified boolean value

EXCLUSIVE LIST—set element to true

IMPLICIT LIST—set element to true
int getSelectedFlags( boolean[] selectedArray_return) Store selection statusin an array

void setSelectedFlags(boolean[] selectedArray) Set selection status from an array
boolean isSelected(int el ementNum) Determineif element is selected
lint size() Number of elementsin List

The List component implements the Choi ce interface. There are three pre-defined choice types, of
which each is defined in Table 8.2.

Table 8.2. ChoiceTypes: javax.microedition.lcdui.Choice

| Value | Description
[EXCLUSIVE Only one selection available at any time
MULTIPLE Zero or more selections available at any time
IMPLICIT Selection of an element generates an event
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Example: Implicit List

Let'slook at Example 8.1, which creates an implicit list using an array of 1mage objects and an array
of String objects.

Example 8.1 ImplicitList.java

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

public class ImplicitList extends MIDlet implements CommandListener

{

private Display display; // Reference to Display object
private List IsDocument; // Main list

private Command cmEXit; // Command to exit

private Command cmAdd; // Command to add an element

public implicitList()

{

display = Display.getDisplay(this);

// Create the Commands

cmExit = new Command("Exit', Command.EXIT, 1);

cmAdd = new Command(*Add*, Command.SCREEN, 1);

try
// Create array of image objects
Image images[] = {Image.createlmage("'/ff.png™),

Image.createlmage(*'/rr.png™),
Image.createlmage(*'/new.png')};
// Create array of corresponding string objects
String options[] = {" Next"™, " Previous'™, " New"};
// Create list using arrays, add commands, listen for events
IsDocument = new List("'Document Option:",
List.IMPLICIT, options, images);

IsDocument.addCommand(cmExit);
IsDocument .addCommand(cmAdd) ;
IsDocument.setCommandListener(this);

}

catch (Java.io.lOException e)

{
System.err._printIn(*'Unable to locate or read .png file");

}

}

public void startApp()

display.setCurrent(lsDocument);

}

public void pauseApp(Q)
{
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}

public void destroyApp(boolean unconditional)

{
}

public void commandAction(Command c, Displayable s)

// 1T an implicit list generated the event
if (c == List.SELECT_COMMAND)

{
switch (IsDocument.getSelectedindex())
{
case 0:
System.out.printIn("'Next™);
break;
case 1:
System.out._printIn(*'Previous™);
break;
case 2:
System.out._printIn(*'New');
break;
default:
System.out.printIn("'New Element'™);
}
else if (c == cmAdd)
{
try
// Add a new element. Using size() as the insertion point,
// the element will appended to the list.
IsDocument. insert(IsDocument.size(), " Delete ",
Image.createlmage(''/delete.png™));
}
catch (Java.io.lOException e)
{
System.err.printIn("'Unable to locate or read .png file");
}
else if (c == cmExit)
destroyApp(false);
notifyDestroyed();
}
}

}

Figure 84 shows the initial display when starting the MIDIet. Notice the images and corresponding
text that were created using the arrays of images and strings, respectively. The screen shot on the left
in Figure 8-5 shows the display when selecting the "Add" command for the first time. The right
screen shot is the result of selecting "Add" a second time.

Figure 8-5. Inserting new elements into a List
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Hereisthe the code for adding a new element in to the list:

IsDocument. insert(IsDocument.size(), ' Delete "
Image.createlmage(*'/delete.png'™));

If you don't give this a moment's thought, something interesting about the insert() method will slip
right by. Consider the index where we are requesting to insert the element:

IsDocument.size()

The result of this cal isthe value 3, which is correct: It is the number of elementsin our list. We are
requesting the insert to take place at this same position. However, indexing of elementsin alist begins
with 0. The second element is at index 1, and so forth. Isit starting to sink in?

IstDocument: Before inserting a new element

Value "Next" "Previous" "New"

Index 0 1 2

The specification states the following for the insert method:
"Inserts an element into the Choice just prior to the element specified”

Using this definition, we are requesting to insert an element just prior to element 3, but thereis no
element at that position, so index 3 does not exist! The designers of the specification had an option at
this point. They could have chosen to treat this as an error condition and thrown an exception, or to
add default functionality to capture this case. They decided upon the latter, which iswhere the
interesting "side-effect” comesin. If you insert an element and specify the current length of thelist,
the element will be appended. Inser

Inserting Elements into the Middle of a List

When insertina into a List. take amoment to make certain you understand how the list
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will change. Remember, elements are inserted into alist prior to the element specified.

If alist has 3 elements as shown below and an element ("Z") isinserted by specifying an
insert index of 2, the new element will be inserted prior to element 2, as shown below. The
element inserted will have the index 2, and the element previously at position 2 will now
have an index of 3.

somelist._insert(2, "Z", null);
Before Insertion:

Elements A B C

Index 0 1 2

After Insertion:

Elements A B z c
Index 0 1 2 3

Before leaving this exampl e take a minute to look over the codein commandAction(). Notice the
check to see if the Command that initiated the event was an implicit List. Also, ook at the switch
statement that uses IsDocument.getSelectedIndex() to determine which element was selected
and print a message to the console.

public void commandAction(Command c, Displayable s)

if (c == List.SELECT_COMMAND)

{
switch (IsDocument.getSelectedindex())
{
case O:
System.out.printIn(*'Next™);
break;

}
}

Example: Multiple Choice List

Changing our List from implicit to multiple choice is a piece of cake. All that changesisthe
declaration of the List.

Implicit:

IsDocument = new List('Document Option:*,
List.IMPLICIT, options, images);

Multiple Choice:

IsDocument = new List("'Document Option:*,
List_.MULTIPLE, options, images);
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Thelast List example will create amultiple choice list and fill an array (of boolean values) with the
selection status of each entry. The MIDlet and console output (shown when the "View" option is
selected) are shown in Figure 8-6.

Figure 8-6. Multiple Choice List
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Example 8.2 MultipleChoiceList.java

N
*

* MultipleChoicelList. java
*

* Create multiple choice list and save selection
* status of each element in an array.
*

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

public class MultipleChoicelList extends MIDlet implements

CommandListener

{
private Display display; // Reference to display object
private Command cmEXit; // A Command to exit the MIDlet
private Command cmView; // View the choice selected
private List IsPrefs; // Choice Group of preferences

public MultipleChoicelList()

{
display =

// Create
IsPrefs =

// Append

Display.getDisplay(this);

a multiple choice list
new List("'Preferences', List.MULTIPLE);

options, with no associated images

IsPrefs.append(*"Auto Indent', null);
IsPrefs.append(*'Replace Tabs", null);
IsPrefs.append(""Wrap Text", null);
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cmEXit
cmView

new Command("Exit", Command.EXIT, 1);
new Command(*'View', Command.SCREEN,?2);

// Add commands, listen for events
IsPrefs.addCommand(cmExit);
IsPrefs.addCommand(cmView) ;
IsPrefs.setCommandListener(this);

}

public void startApp(Q)

display.setCurrent(IsPrefs);

}
public void pauseApp(Q)

{3

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)
{

it (c == cmView)

{

boolean selected[] = new boolean[lIsPrefs.size()];

// Fill array indicating whether each element is checked
IsPrefs.getSelectedFlags(selected);

for (int 1 = 0; 1 < IsPrefs.size(); i++)
System.out.printIn(IsPrefs.getString(i) +
(selected[i] ? ": selected" : ": not selected™));

else if (c == cmExit)
{
destroyApp(false);
notifyDestroyed();

}

TextBox

A TextBox isamulti-line text entry screen. When a user is entering text, you can filter the input to
allow only certain characters (e.g., only numbers).

Does this component sound similar to another component we've seen previously? Just asaList and
ChoiceGroup are closely related, so are aTextBox and TextField. So closely tied are the two
that they share the same set of constraints for restricting the user input. The constraints are defined in
the TextField class, and are shown in Table 8.4.
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When you create a TextBox you specify how many characters you would like the TextBox to hold.
The actua size returned may be different than what you requested. Therefore, a method is provided
that will return the maximum number of characters: getMaxSize().

Comparison of TextBox versus TextField
The difference between a TextBox and TextField come down to afew key points:
Similarities

e Both share the input constraints as specified in the TextField class.

e Both have a maximum capacity that may be different than what can be displayed on the

device at any onetime. Scrolling will be provided by the implementation as necessary.

Appearance Difference
e A TextField isasubclassof 1tem, and therefore appears as part of a Form. There may be
other components on the Form at the same time.
e When on the display, a TextBox isthe only component visible.

Note: A Form (withaTextField) or a TextBox may not be the sole components on the
display: both can also accommodate Command objects (see Figure 8-7).

Figure 8-7. Setting the starting point to copy text to the clipboard
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Implementation Differences

e When you want to process eventson aTextField, you can usean ItemStatelListener
to detect changes that will result in acall to the method i temStateChanged() or you can
have a Command object on the Form trigger a call to the method commandAction() .

e TextBox eventsare handled exclusively through Command objects. Because a TextBox is
not a subclass of 1tem, thereisno ItemStateListener available.

TextBox API
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Table 8.3. TextBox Class: javax.microedition.lcdui.TextBox

Method Description
Constructors
TextBox (String title, String text, int maxSize, int Create anew TextFeld
constraints)
M ethods
void delete(int offset, int length) Delete characters
void insert(String src, int position) Insert characters from a String
void insert(char[] data, int offset, int length, int Insert characters from an array into specified
position) ‘position’
void setChar s(char[] data, int offset, int length) Replace TextBox contents with data from an
array
int getChar s(char|] data) Place TextBox contents into an array
String getString() |Place TextBox contentsinto a String
void setString(String text) Set (replace) TextBox contents from a String
int getConstraints() Get the constraints defined
void setConstr aints(int constraints) Set the constraints
int getM axSize() Get total charactersthat can be stored
lint setM axSize(int maxSize) |Set total characters that can be stored
lint getCar etPosition() Get current input position
lint size() INumber of characters currently in TextBox

Example: Add Copy and Paste to TextBox

There are no copy and paste operations available as part of the base functionality of a TextBox. Let's
write some additional code to add this support.

This next MIDlet will have a menu with three options: Mark, Copy and Paste. "Mark" will make note
of the current offset (caret position) in the TextBox. "Copy" will place characters into the clipboard
(acharacter array) from the mark previously set to the current position. When "Paste” is selected, the
clipboard contents will be inserted into the TextBox.

Table 8.4. TextField Constraints: javax.microedition.lcdui.TextField

\ Value | Description

CONSTRAINT_MASK |Use this mask when you need to determine the current value of the
constraint. See the section "A Look Inside Constraint Values" in Chapter 7
for more information.

ANY Allow any character inpuit.

EMAILADDR Allow only characters that are valid within an email address.

NUMERIC Allow only numbers. This includes both positive and negative numbers. Y ou
do not have an option to request only positive or only negative values.

PASSWORD Masks al character input to provide privacy when entering data. This

constraint can be combined with other constraints to provide masking. See
the section "Using the Password Moadifier " in Chapter 7 for more
information.
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PHONENUMBER Allow only charactersthat are valid as part of a phone number. This may be
device and/or local specific.

URL Allow only characters that are valid within a URL.

Figure 8-8. Move to the ending point and copy the text "ee" to the clipboard
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Figures 87 through 8-9 show the copy and pastein action.

Figure 8-9. Move to the insertion point and paste the text "ee" into the TextBox
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The source code for this MIDlet is shown in Example 8.3.

Example 8.3 SimpleClipBoard.java

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

public class SimpleClipBoard extends MIDlIet implements CommandListener

{
private Display display; // Reference to Display object

private TextBox tbClip; // Nain textbox
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private Command cmEXit; // Command to exit

private Command cmStartMark; // Command to start marking a block
private Command cmCopy; // Command to copy to clipboard
private Command cmPaste; // Command to paste into textbox
private int beginOffset = 0; // The start index of copy

private char[] clipBoard = null; // The clipboard
private int clipBoardChars = 0; // Number of chars in clipboard

public SimpleClipBoard()

{
display = Display.getDisplay(this);

// Create the Commands. Notice the priorities assigned
cmExit = new Command("Exit', Command.EXIT, 1);
cmStartMark = new Command(**Mark', Command.SCREEN, 2);
cmCopy = new Command(''Copy", Command.SCREEN, 3);
cmPaste = new Command('Paste', Command.SCREEN, 4);

tbClip = new TextBox(*'Clip Board"™, 'AaBbcc",
8, TextField.ANY);
tbClip.addCommand(cmExit);
tbClip.addCommand(cmStartMark) ;
tbClip.addCommand(cmCopy) ;
tbClip.addCommand(cmPaste);
tbClip.setCommandListener(this);

// Allocate a clipboard big enough to hold the entire textbox
clipBoard = new char[tbClip.getMaxSize()];

}

public void startApp()

{
display.setCurrent(tbClip);

}

public void pauseApp()
{

public void destroyApp(boolean unconditional)

{
}

public void commandAction(Command c, Displayable s)
{
if (c == cmStartMark)
beginOffset = tbClip.getCaretPosition();

else if (c == cmCopy &&
(tbClip.getCaretPosition() > beginOffset))
{

// Allocate an array to hold the current textbox contents
char[] chr = new char[tbClip.size(Q)];

// Get the current textbox contents
tbClip.getChars(chr);
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// The count of characters in the clipboard
clipBoardChars = tbClip.getCaretPosition() - beginOffset;

// Copy the text into the clipboard
// arraycopy(source, sourceindex, dest, destindex, count)
System.arraycopy(chr, beginOffset,

clipBoard, 0, clipBoardChars);

else if (c == cmPaste)

// Make sure the paste will not overrun the textbox length.
if ((tbClip.size() + clipBoardChars) <=
tbClip.getMaxSize())
tbClip.insert(clipBoard, 0, clipBoardChars,
tbClip.getCaretPosition());

else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}
}

Implementing the clipboard is quite simple. There are three variables we need: one to store the starting
position of the copy, another to store the actual text and one to tell us how many characters are in the
clipboard.

private int beginOffset = 0; // The start index of copy
private char[] clipBoard = null; // The clipboard
private int clipBoardChars = 0; // Number of chars in clipboard

Once arequest is made to "mark" the current position, we simply get the caret position and storeit.

beginOffset = tbClip.getCaretPosition();

When we need to copy to the clipboard we get the current characters in the TextBox, determine how
many of those same characters we need based on the starting offset and current position and copy the
result into the clipboard buffer.

char[] chr = new char[tbClip.size(Q)];

// Get the current textbox contents
tbClip.getChars(chr);

// The count of characters in the clipboard
clipBoardChars = tbhClip.getCaretPosition() - beginOffset;

// Copy the text into the clipboard

// arraycopy(source, sourceindex, dest, destindex, count)
System.arraycopy(chr, beginOffset, clipBoard, 0, clipBoardhars);

Pasting requires a check to be sure that we don't attempt to write off the end of the TextBox. If
everything looks good, copy from the clipboard into the TextBox using insert().
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// Make sure the paste will not overrun the textbox length.
it ((tbClip.size() + clipBoardChars) <= tbClip.getMaxSize())
tbClip.insert(clipBoard, 0, clipBoardChars,
tbClip.getCaretPosition());

Regarding the order of items as they appear in the menu (see Figure 8-7), we are stating our
preference with the following code:

cmStartMark = new Command(**Mark', Command.SCREEN, 2);
cmCopy = new Command(*‘Copy', Command.SCREEN, 3);
cmPaste = new Command(‘'Paste', Command.SCREEN, 4);

By sequentially increasing the priorities (a higher number has alower priority), the implementation
can decide how to order elementsin the menu.

Example: Sharing a Clipboard across TextBoxes

We've seen with the MIDlet in Example 8.3 that adding support for copy and pasteisawalk in the
park. However, we need a more realistic example to show how you might actually implement such a
concept.

Let'simprove our application design by encapsulating the variables that deal with the clipboard into a
new class, appropriately named ClipBoard. Well also extend the TextBox class to support our new
clipboard. The new class will be called TextBoxCB. As part of this extension, each TextBoxCB
object will manage its own event processing. That is, each will have its own set of Commands to mark,
copy, cut and paste.

Look at Figure 8-10 for adiagram of the big picture.

Figure 8-10. Sharing a clipboard across multiple TextBox components
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tbClipl and tbClip2 will beinstances of our new TextBoxCB class. Within each will be a
referenceto aCl ipBoard object (one object for each TextBoxCB). To make this example more
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intriguing, |'ve created just one character array to store text copied to a clipboard. This allows usto
share the clipboard contents between any number of TextBoxCB objects.

You'll notice in Figure 8-10 the reference to the shared clipboard buffer. Thisis done by simply
declaring the character array that holds the clipboard contents as a static variable. Thus, there is only
oneinstance of _clipBoard, regardless of how many clipBoard objects we create. It'sas simple
asthefollowing:

public class ClipBoard

{

private static char[] _clipBoard = new char[1000];
private static int _clipBoardCount = 0O;

,

Figures8-11, 8-12, 8-13, 8-14, and 8-15 walk through the MIDlet, cutting text from one TextBox
and pasting into another.

Figure 8-11. The main display: a List component showing two selections

Figure 8-12. On left, inside TextBox1, move the cursor to the beginning of the text to
cut; on right, select the "Mark" option to begin marking the text block
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Figure 8-13. On left, move to the end of the text; on right, select "Cut" to place the text
into the clipboard
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Figure 8-15. On left, inside TextBox2, move the cursor to the end of the text; on right,
the result after choosing "Paste" from the Menu.
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Example 8.4 shows the source code to implement this MIDlet.

Example 8.4 ClipBoard.java

* ClipBoard. java
*

* Core clipboard code - mark, copy, cut and paste

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

public class ClipBoard

{

// Allocate clipboard. Note, both clipboard & count
// of characters are shared across all instances

private static char[] _clipBoard = new char[1000];
private static int _clipBoardCount = O;

private int beginOffset = 0; // The start index of copy
private TextBox tb = null; // textbox for this instance

public ClipBoard(TextBox textbox)

{
tb = textbox;

}

public void startMark()
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beginOffset = tb.getCaretPosition();
}

public void copy(Q)

{
copy2clipboard();

* Copy text into the clipboard. If successful copy,
* delete text from the textbox.

public void cut()
{
if (copy2clipboard())
tbh.delete(beginOffset,
tbh.getCaretPosition() - beginOffset);

private boolean copy2clipboard()

{
// Can only mark (copy/cut) going forward

if (tb.getCaretPosition() > beginOffset)

// Allocate an array to hold the current textbox contents

char[] chr = new char[tb.size()];

// Get the current textbox contents
tb.getChars(chr);

// The count of characters in the clipboard
_clipBoardCount = tb.getCaretPosition() - beginOffset;

// Copy the text into the clipboard

// arraycopy(source, sourceindex, dest, destindex, count)

System.arraycopy(chr, beginOffset,
_clipBoard, 0, _clipBoardCount);
return true;

}
else
return false;

}
)
* Paste text from clipboard into the textbox
K e, ——_————— */
public void paste()
{

// Nake sure the paste will not overrun the textbox length

if ((tb.size() + _clipBoardCount) <= tb.getMaxSize())
tb.insert( clipBoard, O,
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_clipBoardCount, tb.getCaretPosition());
}
}

Example 8.4 shows the code for the Cl ipBoard class. Here is where the work is done for mark, copy,
cut and paste. Each TextBoxCB will alocate an instance of this class. If you look at the following
code, you'll see how each textbox shares the same clipboard contents.

private static char[] _clipBoard = new char[1000];
private static int _clipBoardCount = 0O;

private int beginOffset = 0; // The start index of copy
private TextBox tb = null; // textbox for this instance

The two static declarations result in only oneinstance of _clipBoard and _clipBoardCount,
regardless of how many instances of this class are created. On the flip side, each instance hasits own
reference to the beginning offset of a marked block of text and a reference to the TextBox associated
with this clipboard.

With this design, each clipboard and the associated TextBox can mark, copy and cut text, yet the
actual contentsin the clipboard are shared across al TextBox instances.

Example 8.5 TextBoxCB.java

TextBoxCB. java

A textbox that includes a clipboard. This class
encapsulates all the commands necessary to show
a menu for mark, copy, cut and paste.

Ok X X X XN\

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

public class TextBoxCB extends TextBox implements CommandListener

{
private ClipBoard clipboard; // The clipboard class

private Command cmBack; // Command to go back

private Command cmStartMark; // Command to start marking a block
private Command cmCopy; // Command to copy to clipboard
private Command cmCut; // Command to cut to clipboard
private Command cmPaste; // Command to paste into textbox

private SharedClipBoard midlet; // The midlet

public TextBoxCB(String title, String text, int maxSize,
int constraints, SharedClipBoard midlet)
{

// Call the TextBox constructor
super(title, text, maxSize, constraints);

// Save reference to MIDlet so we can access its methods
this.midlet = midlet;

// Create the Commands. Notice the priorities assigned
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cmBack = new Command(*'Back', Command.BACK, 1);
cmStartMark = new Command(**Mark', Command.SCREEN, 2);
cmCopy = new Command(*‘Copy', Command.SCREEN, 3);
cmCut = new Command('Cut', Command.SCREEN, 4);
cmPaste = new Command(''Paste', Command.SCREEN, 5);

this.addCommand(cmBack) ;
this.addCommand(cmStartMark) ;
this.addCommand(cmCopy) ;
this.addCommand(cmCut);
this.addCommand(cmPaste) ;
this.setCommandListener(this);

// Create a clipboard
clipboard = new ClipBoard(this);

public void commandAction(Command c, Displayable s)
{
if (c == cmStartMark)

// Start to mark a block of text
clipboard.startMark();

}
else if (c == cmCopy)

// Copy text to clipboard
clipboard.copy(Q);

else if (c == cmCut)

// Cut text to clipboard
clipboard.cut();

else if (c == cmPaste)

{
// Paste from clipboard to textbox

clipboard.paste();
else if (c == cmBack)

// Return to the list component
midlet.showList();

}
}
}

One of the first orders of businessisto declare this class as extending a TextBox.

public class TextBoxCB extends TextBox implements CommandListener

Inside the constructor we call the super class of the Textbox and aso save areference to the MIDlet
itsalf.

// Call the TextBox constructor
super(title, text, maxSize, constraints);
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// Save reference to MIDlet so we can access its methods
this.midlet = midlet;

With the referenceto midlet, we can cal midlet.showList() to return to the L ist component
(see Figure 8-11) that called the TextBox. This action will occur when a user selects the "Back"
Command as shown in Figure 8-14.

You'l seethat we've declared a series of commands for marking, copying, cutting and pasting text.
With this approach, all event handling is done within the TextBox. Thisis a cleaner approach than
adding additional event processing outside this class.

Finally, inside commandAction() thereis minimal code. It acts as more of a central dispatcher
routing the MIDlet to the appropriate code based on the user selections.

Example 8.6 isthe main MIDlet, if you will. It ties together the previous two examples into one
comprehensive application. The main interface isa L i st component with two entries.

IsMain = new List("'ClipBoard Testing', List.IMPLICIT);
IsMain.append("TextBox1", null);
IsMain.append(""TextBox2", null);

Example 8.6 SharedClipBoard.java

*

*

* A List component that can show one of two

* textboxes. Each textbox shares a common clipboard
*

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

public class SharedClipBoard extends MIDlet
implements CommandListener
{

private Display display; // Reference to Display object
private List IsMain; // Main list

private TextBoxCB tbClipl; // Textbox with clipboard
private TextBoxCB tbClip2; // Textbox with clipboard
private Command cmEXit; // Command to exit

public SharedClipBoard()
{
display = Display.getDisplay(this);
// Create list
IsMain = new List("'ClipBoard Testing', List.IMPLICIT);
IsMain.append(""TextBox1", null);
IsMain.append(""TextBox2", null);

// Create the exit command, add to list
cmExit = new Command("Exit', Command.EXIT, 1);
IsMain.addCommand(cmExXit);
IsMain.setCommandListener(this);
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// Allocate textboxes

tbClipl = new TextBoxCB(''TextBox1l',
"Email Address: john@corej2me.com™,
50, TextField.ANY, this);

thClip2 = new TextBoxCB(''TextBox2",
"Web Address: www.',
50, TextField.ANY, this);

}

public void startApp()

{
showList();

}

public void pauseApp(Q)
{
}

public void destroyApp(boolean unconditional)

{
}

public void showList()

// Display the list component
display.setCurrent(lIsMain);

}

public void commandAction(Command c, Displayable s)

{

// 1f an implicit list generated the event
if (c == List.SELECT_COMMAND)

{
switch (IsMain.getSelectedIndex())
{
case O:
// Display textbox 1
display.setCurrent(tbClipl);
break;
case 1:
// Display textbox 2
display.setCurrent(tbClip2);
break;
}
else if (c == cmExit)
destroyApp(false);
notifyDestroyed();
}

}
}

Thisisfollowed by allocation of two TextBoxCB objects.
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// Allocate textboxes
tbClipl = new TextBoxCB(''TextBoxl1",
“"Email Address: john@corej2me.com', 50,
TextField.ANY, this);
tbClip2 = new TextBoxCB(''TextBox2",
"Web Address: www.', 50,
TextField.ANY, this);

Because we opted to place the mgjority of the event processing code (mark, copy, cut and paste) into
the TextBoxCB class, the code inside commandAction() iskept to aminimum. It essentially
displays the appropriate TextBox based on the user selection.

switch (IsMain.getSelectedindex()){
case 0O:
display.setCurrent(tbClipl);
break;
case 1:
display.setCurrent(tbhClip2);
break;

Alert and AlertType

AnAlertisavery smple dialog box that will support text and an Image (both are optional). The
most common use of an Alert isto show awarning or error message. Figure 8-16 showsan Alert.
Notice the three visua attributes you can contral: title, image and text.

Figure 8-16. Alert dialog with a title,image and text
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There are afew limitations to an Alert that you need to be aware of. First, Command objects (buttons)
are not allowed on an Al ert. User interaction is entirely managed by the implementation. In addition,
no input can be solicited from a user. For example, you cannot add a TextField or TextBox to
prompt for information.

There aretwo types of Alerts:
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1. Moda: TheAlertisonthedisplay until auser dismissesit (see Table 8.5).
2. Timed: The Alert ison thedisplay for a specific number of milliseconds.

Each device will have a default type for al alerts. Y ou can determine the default by calling the method
getDefaultTimeout(). A return value equivalent to Al ert . FOREVER indicates modal; any other
value indicates the time in milliseconds that an aert will be shown.

Table 8.5. Alert Type: javax.microedition.lcdui.Alert

| value | Description

IFOREVER |Specifies the Alert is visible until acknowledged by the user (also known as modal).

If you need to display an Alert type other than the default, call the method setTimeout(). The
following creates amodal aert:

Alert al;
al = new Alert(Error', "Error Message ", null, null);
al .setTimeout(Alert.FOREVER);

After you've created an Alert and set the attributes, there are two methodsin the Display classto
show the Alert.

1. Display.setCurrent(Alert, Displayable)

fmMain
alTest

new Form(**Welcome™);

new Alert(“Alert", "Message Here ", null,
null);

alTest.setTimeout(Alert.FOREVER);

display.setCurrent(alTest, fmMain);

Thiswill display amodal alert. Once the alert has been acknowledged by the user, the alert
will be removed from the display and the form, fmMain, will be displayed. The same logic
appliesif you change thisto atimed aert. Once the aert has been displayed for the requested
time, the alert will be replaced on the display by the form fmMain.

2. Display.setCurrent(Alert)

alTest = new Alert("Alert", "Message Here ", null,
null);
alTest.setTimeout(Alert.FOREVER);

aiéplay-setCurrent(alTest);
Presenting an Alert in thisfashion assumesthereisaDisplayable object visible (a
TextBox, List, Form or Canvas) when making this call. The reason isthat, once the

Alert has been dismissed (either acknowledged by the user or reached its requested display
time), the previous Disp layable will be shown.

Alert API
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Table 8.6. Aler t: javax.microedition.lcdui.Aler t

Method

Description

Constructors

Alert(String title)

Create anew Alert

Alert(String title, String alertText, Image alertimage,
AlertType, aertType)

Create anew Alert with an Image and an
associated sound (AlertType)

M ethods

Image getl mage()

Get Image associated with Alert

\void setl mage(lmage img)

\Associate an Image with Alert

String getString()

Get text associated with Alert

void setString(String str)

Set text for Alert

int getDefaultTimeout()

Get default time Alert is displayed

int getTimeout()

Get actual time Alert will be displayed

\void setTimeout(int time)

Set amount of time to display Alert

AlertType getType()

Get the AlertType

void setType(AlertType type)

Set the AlertType

11legalStateException:

addCommand (Command)
removeCommand (Command)
setCommandListener(CommandListener)

Using Commands and Listeners with Alerts

Alertisasubclass of Screen, which isasubclass of Displayable. Even though the
following methods are declared as public insidethe Displayabl e class, they cannot be
used with an Alert. Calling these methods will throw the exception

Sound Support

In addition to the visual attributes, you can associate a sound with an Alert. Thisis done using the

AlertType class.

There are five pre-defined sounds that are tied to various conditions. alarm, confirmation, error, info
and warning (see Table 8.7). Theideais this. When you want to present an Al ert and associated
sound for general information, you would request the "info" sound. An Alert for an error condition

would request the "error" sound, and so forth.

Y ou can play a sound in one of two ways:

1. If theAlert hasan associated AlertType, the sound will be played when the Alert is
displayed. Y ou can associate a sound by either specifying the AlertType asthe last
parameter to the constructor or using the method setType() . An example of each is shown

here:

Option #1.
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Alert al;
al = new Alert("Alert"”, "Message ', null,
AlertType.WARNING) ;

Option #2:

Alert al;
al = new Alert("Alert”, "Message ", null, null);

éi:setType(AlertType-WARNlNG);
2. Youcan play asound directly, without creating an Alert dialog box.
AlertType. INFO.playSound(myDisplay);

This may be helpful when you would like to signify something has taken place without changing
what's on the display. For example, if a user requested to download datain the background, asimple
confirmation sound when the download completed would be helpful.

The AlertType isprovided as an audible means to notify a user. Ideally, the sound would match the
condition. For example, an error condition may trigger alouder and longer sound than that of asimple
confirmation signifying a successful download. Bear in mind that a device may actually ignore
requests to play a sound. Furthermore, if sounds are available, each is not guaranteed to be unique.

AlertType API

Table 8.7. AlertType Types: javax.microedition.lcdui.AlertType

| Value | Description
ALARM lIndicates arrival of a previous request to be notified
|CONFIRMATION lIndicates completion of an event or action
ERROR Indicates an error has occurred
INFO Indicates general, non-critical information
WARNING Indicates potential problem or situation

Table 8.8. AlertType Method: javax.microedition.lcdui.AlertType
| Method | Description
Iboolean playSound(Display display) Play asound on the device

Example: Playing Sounds

Example 8.7 will not show an actual Alert; rather, it will play the various sounds available through
the AlertType class. The MIDlet is shown in Figure 8-17.

Figure 8-17. Play the various sounds
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Example 8.7 SoundAler t.java

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

public class SoundAlert extends MIDlet implements

{

ItemStateListener, CommandListener

private Display display; // Reference to display object
private Form fmMain; // Main form
private Command cmEXit; // Command to exit the MIDlet

private ChoiceGroup cgSound; // Choice group

public SoundAlert()

{

}

display = Display.getDisplay(this);
// Create an exclusive (radio) choice group
cgSound = new ChoiceGroup(*'Choose a sound', Choice.EXCLUSIVE);

// Append options, with no associated images
cgSound.append(*Info', null);
cgSound.append(*'Confirmation', null);
cgSound.append(*'Warning', null);
cgSound.append("Alarm™, null);
cgSound.append("Error™, null);

cmExit = new Command("Exit', Command.EXIT, 1);

// Create Form, add components, listen for events
fmMain = new Form(*"");

fmMain.append(cgSound) ;
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);
fmMain.setltemStatelListener(this);

public void startApp()

{

display.setCurrent(fmMain);

public void pauseApp()
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{3}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();
}
}

public void itemStateChanged(ltem item)

switch (cgSound.getSelectedIndex())
{

case O:
AlertType. INFO.playSound(display);
break;

case 1:
AlertType.CONFIRMATION.playSound(display);
break;

case 2:
AlertType .WARNING.playSound(display);
break;

case 3:
AlertType .ALARM.playSound(display);
break;

case 4:
AlertType.ERROR.playSound(display);
break;

}
}
}

This MIDlet uses an exclusive ChoiceGroup (radio buttons) and registers an
ItemStateListener for the Form that contains the ChoiceGroup. Bring to mind how this
listener works. When a change is detected on an 1'tem (ChoiceGroup isasubclass of 1tem), the
method itemStateChanged() iscalled. Inside this method, we determine which entry in the
choice was selected and play the appropriate sound:

public void itemStateChanged(ltem item)

switch (cgSound.getSelectedIindex())
{

case 0O:
AlertType. INFO.playSound(display);
break;
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Playing Sounds

Although you can request a sound to be played, the implementation has the option to ignore
the request atogether or to play the same sound for all/some of the AlertTypes.

Example: Modal Alert with Image

Let'slook at aMIDlet (Example 8.8) that shows amodal Alert containing both a text message and

an image.
Example 8.8 ModalAlert.java

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

public class ModalAlert extends MIDIet implements CommandListener

{
private Display display; // Reference to Display object

private Form fmMain; // Main form
private Alert alTest; // Alert to show text and image
private Command cmEXit; // Command to exit the MIDlet

public ModalAlert()

{
display = Display.getDisplay(this);

cmExit = new Command("Exit", Command.SCREEN, 1);
fmMain new Form(*'Welcome');
fmMain.append(*'Text string inside the Form™);
fmMain.addCommand(cmExit);
fmMain.setCommandListener(this);

}

public void startApp()

showAlert();
}

public void pauseApp(Q)

{
}

public void destroyApp(boolean unconditional)

{
}

public void showAlert()
{
try

// Create an image
Image im = Image.createlmage('/coffee.png™);

// Create Alert, add text and image, associate a sound
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alTest = new Alert("'New Alert”, "Time for more Java",
im, AlertType.INFO);

// Set Alert to type Modal
alTest.setTimeout(Alert.FOREVER);

catch(Exception e)

{

>
// Display the Alert. Once dismissed, display the form

display.setCurrent(alTest, fmMain);

}

public void commandAction(Command c, Displayable s)

{

System.out.printIn(*'Unable to read png image.');

if (c == cmExit)

destroyApp(true);
notifyDestroyed();

}
}
}

The bulk of the new code isinside showAlert(). Here we create an image, add the image and a text
message to anew Allert, and set the timeout value to Alert. FOREVER, resulting in amodal Alert.

Image im = Image.createlmage('/coffee.png™);

// Create Alert, add text and image, associate a sound

alTest = new Alert(“New Alert”, "Time for more Java",
im, AlertType.INFO);

// Set Alert to type Modal
alTest.setTimeout(Alert.FOREVER);

The last line before exiting the method shows the Alert on the display . Notice the reference to
fmMain.

display.setCurrent(alTest, fmMain);

Once an dert has been acknowledged by the user, the Alert isremoved from the display and a
previously defined Displayable object will be shown. For thisexamplethe Displayable is
fmMain, which we specified using the aforementioned line.

The method setCurrent() is overloaded, meaning there is another method with the same name
with different calling parameters. Instead of passinginan Alert and aDisplayable (as above),
you can simply call withaDisplayable object:

Display.setCurrent(alTest);

Although this call will succeed (an Alert isasubclass of Screen, which is a subclass of
Displayable), we need to think this through. Oncethe Alert is acknowledged the MIDlet will
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attempt to show the previous Displayable. In our example, if you follow the logic closely you'll
see that we have not shown any Displayable objects before calling showAlert(). The
constructor was called, followed by startApp(), followed by showAlert(). The alocation of our
Form (aDisplayable) inside the constructor is not sufficient to appease the application manager.
We must have actually shown aDisplayable onthedevice. If not, aNul IPointerException
will be thrown.

Figure 8-18 shows the alert on the left and the form that appears once the alert is dismissed.

Figure 8-18. Alert with image and text; on the right, the Displayable object (Form) that
is shown when the alerted is dismissed
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Just as most C programmers wrote "Hello world" as their first program, Java has its own rite of
passage—the scrolling text applet. The idea of dliding text across the display lives on. MIDP includes
ascrolling text component known asthe Ticker.

At this point we have covered al the components that extend the Screen class, making this an ideal
time to introduce this class. A Ticker can be "attached" to any Screen, including an Alert. In fact,
the same Ticker can be shared among Screens, giving the illusion that the Ticker is attached to
the device display, not the individual screens that make up the application. Thisis anice effect, as

well seein an example.

Whether the text scrolls at the top or bottom and the speed at which scrolling occurs is decided by the
implementation. However, you can be assured that the scrolling is continuous—as the trailing end of
the text rolls off the screen, the beginning of the text will appear again.

Ticker API
Table 8.9. Ticker Class: javax.microedition.lcdui.Ticker
Method Description
Constructor
Ticker (String str) Create anew Ticker with the specified ticker text
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Methods

String getString()

Get the text associated with the Ticker

void setString(String str) Set the text to associate with the Ticker

Example: One Ticker, Two Components

In Example 8.9, we create a Ticker that istied to both aList and an Alert. Asyou move between
the two, the Ticker won't miss a beat.

Example 8.9 SharedTicker.java

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

public class SharedTicker extends MIDlet implements CommandListener

{
private Display display; // Reference to Display object
private List IsProducts; // Main productlist
private Alert alHelp; // Alert to show text and image
private Ticker tkSale; // Ticker of what"s on sale
private Command cmEXit; // Command to exit the MIDlet

public SharedTicker()

{

display = Display.getDisplay(this);

cmExit = new Command(*Exit", Command.SCREEN, 1);

tkSale

IsProducts
IsProducts

IsProducts

}

new Ticker(*'Current Sale: Torchiere

Lamp only $29.00");

= new List(*Products”™, Choice.IMPLICIT);

-append(*Floor Lamp', null);
IsProducts.
IsProducts.
IsProducts.

append(*'Chandelier', null);
append(*'Help', null);
addCommand(cmExit);

-setCommandListener(this);
IsProducts.

setTicker(tkSale);

public void startApp()

{

display.setCurrent(lsProducts);

}

public void pauseApp()

{
}

public void destroyApp(boolean unconditional)

{
}

public void showAlert()
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try

// Create an image
Imageim = Image.createlmage(*'/help.png™);
// Create Alert, add text and image, no sound
alHelp = new Alert(“'Help Information",
"Over 300 unique lighting products!",
im, null);
alHelp.setTimeout(Alert.FOREVER);
alHelp.setTicker(tkSale);
}
catch(Exception e)
{
System.out._printIn(*'Unable to read png image.");

}

// Display the Alert. Once dismissed, return to product list
display.setCurrent(alHelp, IsProducts);

}

public void commandAction(Command c, Displayable s)

{

if (c == List.SELECT_COMMAND)

{
switch (IsProducts.getSelectedIindex())

{

case O:
System.out.printIn("'Floor Lamp selected™);
break;

case 1:
System.out.printIn(‘'Chandelier selected™);
break;

case 2:
showAlert();
break;

}
else if (c == cmExit)

destroyApp(true);
notifyDestroyed();
}
}
}

Attaching aTicker to multiple componentsis as simple as calling the method setTicker (),
passing areference to the same Ticker object. Here are the lines to set the Ticker for our List and
Alert:

IsProducts.setTicker(tkSale);
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alHelp.setTicker(tkSale);
Figure 8-19 displays the Li st along with the Ticker running at the top.

Figure 8-19. A List component with a Ticker

loar Lamp
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If you select the "Help" option from the List, an Alert will be shown (see Figure 8-20). Notice the
ticker is still running and displaying the same text as on the previous screen.

Figure 8-20. An Alert with the same Ticker as shown in Figure 8-19
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Chapter 9. LOW-LEVEL USER INTERFACE

Topicsin this Chapter

e Canvas
e Graphics

Ignorance is bliss. Up to this point we've never given a second thought asto how a Form, TextBox
or any other visual component appears on the display. We simply made a request to allocate and
display acomponent, and left it at that. If the need never arose to move beyond "high-level”
components we'd be set.

Then again, there is awhole new world on the other side. If we take the initiative to learn how to draw
onto the display, the possibilities are nearly ! endless. Those interested in writing custom components
and games will make extensive use of the classes presented in this chapter.

M There are limits to the drawing operations. MIDP supports only a subset of the capabilities available in
J2SE.

Two key classes make up the low-level API, Canvas and Graphics.

e TheCanvas forms the backdrop. Not unlike an artists' canvas, it has a specific height and
width and is drawn onto to create what the end user will see. Whatever is drawn becomes
visible on the display. The canvas class also provides methods for low-level event handling.

¢ Wedraw onto a canvas with a Graphics object (often referred to as a graphics context). This
class has methods for drawing lines, arcs, rectangles and text. This class also includes
methods to specify color aswell as font preferences.

The exploration into creating a custom interface begins with the Canvas.

Canvas

Let's start out at the outermost level and work our way in. From the big picture, aCanvas isa
subclass of Displayable, asisthe Screen class you learned about in Chapter 7. Figure 9-1
revisits the user interface hierarchy.

Figure 9-1. Displayable class hierarchy
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One last time, here are the class definitions for the hierarchy shown in Figure 9-1:

Display (public class Display)
Displayable (public abstract class Displayable)
Screen (public abstract class Screen extends
Displayable)
TextBox (public class TextBox extends Screen)
List (public class List extends Screen
implements Choice)
Alert (public class Alert extends Screen)
Form (public class Form extends Screen)
Item (public abstract class Item)
ChoiceGroup (public class ChoiceGroup extends Item
implements Choice)
DateField (public class DateField extends Item)
TextField (public class TextField extends Item)
Gauge (public class Gauge extends ltem)
Imageltem (public class Imageltem extends Item)
Stringltem (public class Stringltem extends ltem)
Canvas (public abstract class Canvas extends
Displayable)
Command (public class Command)
Ticker (public class Ticker)
Graphics (public class Graphics)
Choice (public interface Choice)

To backtrack for just amoment, you learned in Chapter 5 that thereisonly one Display object per
MIDlet; however, there can be any number of Displayable objects. For example, aMIDlet can
bounce between displaying a Form, followed by a TextBox, followed by a List, returning back to
the Form. What is displayed and when is completely at our whim as the devel oper. We can now throw
aCanvas into the mix, alternating between thisDisplayable and any other.

Creating the Canvas

Y ou won't directly request to display an instance of the Canvas class. Rather, you create a subclass of
Canvas, and ask that this object be set as the current Displayable.
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For example:

class AnimationCanvas extends Canvas
implements CommandListener

private Command cmEXit; // Exit midlet

cmExit = new Command("Exit', Command.EXIT, 1);
addCommand(cmExit);
setCommandListener(this);

protected void paint(Graphics @)
{

}
}

AnimationCanvas canvas = new AnimationCanvas(this);
display.setCurrent(canvas);

Notice the last two lines. A new AnimationCanvas object is created and set as the current
Displayable.

Only moments ago it was stated that when using aCanvas, it is the devel oper's responsibility to draw
onto the Canvas with aGraphics object. If we create and immediately request to display the
Canvas, when and where does the drawing take place? Hold that thought: After learning about the
coordinate system we'll explore this further in the section "Painting on the Canvas."

Coordinate System

The origin for drawing beginsin the upper left corner of the display, location 0,0 (see Figure 9-2). x
valuesincrease heading to the right, y values increase heading down.

Figure 9-2. Coordinate system

There are afew caveats worth mentioning. When working with aGraphics object we have the
option to trangdlate the origin asthe Graphi cs object knows it. Second, when drawing text, an

additional concept known as an anchor point istossed in. | will talk to each of these as we work
through this chapter.
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When drawing aline or shape (arc, rectangle, etc.), the thickness (known as the pen) is always 1 pixel
wide. For example, if you request to start aline at 1,1, visualize a square pixel with a starting point at

1,1 and ending at 2,2 (always moving down and to the right). Even before moving the pen, apixel has
been filled! See Figure 9-3.

Figure 9-3. Pixel drawn when starting a line

0.0

|

With that in mind, continue that same line ending at 3,1. How many pixels will be "filled" for the
entire line segment 1,1 to 3,1? (If you guessed 2, try again.)

If you picture the starting and ending point individually—that is, a square pixel isfilled at each
coordinate location (once again, always filling down and to the right)—it's alittle easier for thisto
sink in and it should be clear why three pixels are drawn for the aforementioned line (1,1 to 3,1) (see
Figure 9-4).

Figure 9-4. Pixels drawn for line segment 1,1 to 3,1

0.0

How does this affect drawing of shapes? If we request to draw arectangle starting at 1,1 and ending at
3,3, which image in Figure 9-5 accurately depicts the result?

Figure 9-5. Drawing a rectangle from 1,1 to 3,3
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0.0

4,4

0,0

4,4

If you are unsure, let me tell you this: The same drawing paradigm applies to shapes as well aslines.
Namely, apixel isfilled at each coordinate location.

In requesting a rectangle to be drawn with dimensions 1,1 to 3,3 the pen will need to move to each
coordinate boundary: 1,1 =*3,1 =—*3,3 back to 1,1. 12 you follow the path of the pen, it will
become obvious why the lower image in Figure 9-5 is the resulting rectangle. Here's the sequence:

2 The implementation may opt for a different order; however, the idea is the same.

1. Dropthepen at 1,1, which fillsthe pixel 1,1 to 2,2.

2. Move the pen to the rightmost coordinate: 3,1. Thisfillsthe pixel at 2,1 to 3,2 and the pixel at
3,1to4,2.

3. Move the pen down to coordinate 3,3. Thisfillsthe pixel at 3,3 to 4,4.

4. Movethe pen to the leftmost coordinate: 1,3. Thisfillsthe pixel at 2,3 to 3,4 and the pixel at
1,3to 2, 4.

5. Move the pen to the starting coordinate: 1,1. Thisfillsthe pixel at1,2to 2, 3.

Knowing what we do about the pen and its pixel width, what is the outcome of drawing aline from
0,0 to 0,0? Isthere anything drawn at all? If you are not sure, read the sidebar "Drawing with a Pen."

Drawing with a Pen

The idea of the pen always filling the pixel down and to the right of the specified coordinate
is not much different then drawing on paper. If you hold a pen over a piece of paper and
brina the tip in contact with the writina surface. a"dot" will appear. The size of this dot. for
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our purpose, is one pixel in width and height. If you move the pen on the paper, regardless
of the direction, each movement will fill another pixel.

Keep thisin mind, regardless of the shape drawn:

e Thepixe at the starting coordinate is filled, down and to the right.
e Each additional coordinate that makes up the shape has a pixd filled, down and to
the right.

Canvas Width and Height

Table 9.1 shows the two methods to query aCanvas for its width and height. These values will
always be the same for any one device. 2! If acall to getWidth() returns 200, every Canvas
created on that particular device will have awidth of 200.

Bt a device supports upgrading of hardware and/or software, this may not always be true. The size of a
canvas may change if the device itself changes.

Table 9.1. Canvas Coordinate Methods: javax.microedition.lcdui.Canvas

| Method | Description

lint getWidth() Get the canvas width

lint getHeight () Get the canvas height

Painting on the Canvas

At the beginning of this chapter | mentioned that when using a Canvas, we are responsible for
drawing. Shortly thereafter | proceeded to show something similar to the following

AnimationCanvas canvas = new AnimationCanvas(this);
display.setCurrent(canvas);

This declares aCanvas and requests it to be set as the current displayable. Thisis the same path we
took when requesting to display other components such as Form or TextBox. So a what point do we

draw onto the Canvas ?

Here's how it works. As explained earlier, Canvas isasubclass of Displayable. All displayable
objects are made visible through:

Javax.microedition. lcdui .display.setCurrent(Displayable);

What differs between aCanvas and the other Displayable objects (Form, TextBox, List and
Alert) iswhere the drawing of the component takes place and who is responsible for the drawing.

Shown on page 251 are the class definitions and several lines of pseudo code for Displayable,
Canvas, Screen and the components Form, TextBox, List and Alert.
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TheDisplayable class defines paint() as an abstract method. Following the rules defined by the
Javalanguage, both subclasses, Canvas and Screen, implement the paint() method. Here's the
primary difference: the paint() method inside Canvas is abstract, meaning there is no method
body. It is up to a subclass to implement this method.

Contrast this with the Screen, where the paint() method draws thetitle and Ticker (features
common to al screens). Before leaving paint() the method paintContent() iscalled. Notice
this method is declared as abstract, thus all subclasses (Form, TextBox, List and Alert) must
implement this method.

abstract public class Displayable
abstract void paint(Graphics g);

public abstract class Canvas extends Displayable
protected abstract void paint(Graphics g);

public abstract class Screen extends Displayable

{
abstract void paintContent(Graphics g);
paint(Graphics g)
{
// Draw optional title
// Draw optional Ticker
BaintContent(g);
}
}
public class Form extends Screen
{
void paintContent(Graphics g)
{ %
}
public class TextBox extends Screen
{
void paintContent(Graphics g)
{ %
}
public class List extends Screen implements Choice
{
void paintContent(Graphics g)
{ %
}
public class Alert extends Screen
{
void paintContent(Graphics g)
{ %
}
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Inside Form, TextBox, List and Alert paintContent() "knows' how to draw the component.
For example, paintContent() inside List will draw alist on the device, the same method inside
TextBox will draw atextbox, and so forth.

It boils down to this: Form, TextBox, List and Alert are drawn through the paint() method in
the Screen classin concert with paintContent() inside each individual component. Canvas has
declared paint() as abstract. Therefore, whenever we subclass Canvas, we are responsible for
implementing this method.

Once again, hereisablock of code that creates anew canvas:

class AnimationCanvas extends Canvas
implements CommandListener

private Command cmEXit; // Exit midlet
cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

ﬁ;étected void paint(Graphics Q@)
{

}

Painting of Components

When working with a subclass of Displayable (Canvas and Screen) the component is
made visible on the display through a call to

Javax.microedtion. lcdui.display.setCurrent(Displayable);

The difference lies with "who" provides the code for the paint() method. When using a
Canvas, you override the paint () method and write the code. For subclasses of Screen
(Form, List, TextBox and Alert) the methods paint() and paintContents()
comprise the code to draw each respective component.

The paint () method is always passed areference to aGraphi cs object, which is used to draw onto
the Canvas. For example, to write text and draw a rectangle onto a Canvas, the paint method may
look something likethis:

protected void paint(Graphics g)

{
g.drawString(*'Hello™, 0, O,

Graphics.TOP | Graphics.LEFT);
g-drawRect(5, 5, 10, 10);

}
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WEe'll cover all methods of the Graphics class later in this chapter. For now, focus you attention on
the methods in Table 9.2.

Table 9.2. Canvas Paint Methods: javax.microedition.lcdui.Canvas

Method Description
abstract void paint(Graphics g) Draw onto the canvas using the Graphics object
specified
final void repaint() Request the canvas to be painted

final void repaint(int x, int y, int width, int Request a specified region of canvas to be painted
height)
final void serviceRepaints() Immediately process any pending paint requests
boolean is DoubleBuffered() Does implementation provide double buffering?

paint() deservestop hilling. This method serves as the workhorse for drawing to the display. Y ou
invoke the methods in the Graphi cs object (which is passed in as a parameter) to draw lines, arcs,
rectangles and text.

repaint() iscaled to request the (entire) display to be updated. In Example 9-3, later in this
chapter, we will track when a user clicks a mouse button down. As they hold down the mouse button
and move it around the display, we want to visually trace each step. We do this by caling repaint()
after each movement, drawing a line segment from the last position to the current position.

The version of repaint() that accepts four parameters specifies a specific region on the display to
repaint. We will visit this again when discussing clipping within the graphics section.

serviceRepaints() will force any pending paint requests to be immediately issued. Use thiswith
caution, asthis call will block until all paint requests have been serviced.

Calllng paint()

The paint() method is never to be called directly. The results of doing so are
unpredictable. If you need to have the display updated, make your request known through a
call to repaint().

Communication with Application Manager

When the application manager is about to make a Canvas visible on the display, it will call the
method showNoti fy (). When the Canvas has been removed from the display, the method
hideNotify() iscaled.

Table 9.3. Application Manager Communication: javax.microedition.lcdui.Canvas
\ Method \ Description
void showNotify() Application manager is about to show the canvas on the display
void hideNotify() Application manager has removed the canvas from the display

Here is the code for each method taken directly from the Canvas class.
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protected void showNotify()
{1}

protected void hideNotify()
{1}

Clearly, callsto these methods from the application manager are pointless without a little effort on
your part. For example, inside showNotify () may be an ideal timetoinitiaize variables, start a
thread, and so forth. hideNotify () may be home to code to reset variables, stop athread, and so
forth. These methods provide an opportunity to take part in the transition as a Canvas moves from
inactive to active, and back again, throughout the lifecycle of the MIDlet.

In Chapter 10 we will write a simple animation example. showNoti fy () will read an image from a
file, set the preferred drawing coordinates and start aThread. h ideNotify () will reset avariable,
effectively stopping the animation.

Event Handling

There are two general means of interaction between a user and the Canvas, Commands and low-level
events. Commands, which we've seen before, will be touched upon ever so briefly. The low-level
interface, consisting of key codes, game actions and pointer events, will be the prime focus of this
section.

Commands

As arefresher, look back to Figure 9-1. Canvas isinherited from Displayable. There are four
methods available through this inheritance:

e addCommand(Command)

e isShown()

e removeCommand(Command)

e setCommandListener(CommandListener)

This should tell you something about the Canvas. Specificaly, it can process Command objects just
aswedidwith aForm, List and TextBox (Commands cannot be added to an Alert). The code for
creating a Command, adding to aCanvas and registering a listener areidentical to the same steps
we've done numerous times before:

class TestCanvas extends Canvas implements CommandListener

{

private Command cmEXit; // Exit midlet

cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);
setCommandListener(this);

public void commandAction(Command c, Displayable d)

if (c == cmExit)
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}

Key Codes

Key codes are numeric values that map directly to specific keys on a mobile device. The key codes
that are guaranteed to be available on any MIDP are listed in Table 9.4. These codes correspond to the
ITU-T keypad (0-9, *, #) the standard telephone keypad. Each key code has a static declaration
similar to the following:

public static final int KEY_NUMO
public static final int KEY_NUM1

48;
49;

Table 9.4. Key Codes: javax.microedition.lcdui.Canvas

| Name | Constant Value
[KEY_NUMO 48
KEY_NUM1 49
KEY_NUM2 50
KEY_NUM3 51
KEY_NUM4 52
KEY_NUM5 53
KEY_NUM®6 54
KEY_NUM7 55
KEY_NUM8 56
KEY_NUM9 57
KEY_STAR 42
IKEY_POUND 35

For example, when "1" is pressed on the keypad, the key code returned is49 (KEY_NUM1). The
methods available for managing key codes are shown in Table 9.5.

Table 9.5. Key Code Methods: javax.microedition.lcdui.Canvas

\ Method | Description

void keyPressed(int keyCode) Invoked when akey is pressed

void keyReleased(int keyCode) Invoked when a key is released

void keyRepeated(int keyCode) Invoked when akey is repeated 2!

boolean hasRepeatEvents() Does the implementation support repeated keys?
String getK eyName(int keyCode) The text string representing the key code

. May not be supported on all devices.

keyPressed(), keyReleased() and keyRepeated() are simply place holders, each method
body is empty. For example, keyPressed() looks asfollows:

protected void keyPressed(int keyCode) {
}
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The obvious implication is that you must override these methods and provide the code for processing
key events. Each of these methods has the key code that triggered the event passed in as a parameter.
Y ou decide how to proceed based on the key code:

protected void keyPressed(int keyCode)
if (keyCode == KEY_NUM1)
éiée ifT (keyCode == KEY_NUM2)

-

Key Codes and Portability

To write portable applications you must stick to using the key codes defined in Table 9.4.
Although other key codes may be generated by a device, there are no guarantees that such
codes will be available from one device to another.

Example: Viewing Key Code Names

getKeyName () will return the text (String) representation for akey code (e.g., "*" for the key
code KEY_STAR). In Example 9.1, aCanvas is created that detects events from Commands and key
codes. When an event is generated through akey code, keyPressed() will be caled, where the text
for the code is printed to the Canvas.

Example 9.1 KeyCodes.java

* KeyCodes. java

*

* Canvas for processing key code and commands

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

public class KeyCodes extends MIDlet

{
private Display display; // The display
private KeyCodeCanvas canvas; // Canvas

public KeyCodes()

{
display
canvas

Display.getDisplay(this);
new KeyCodeCanvas(this);

}

protected void startApp()

display.setCurrent(canvas);

}

protected void pauseApp()
{3}
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}

C

{

protected void destroyApp( boolean unconditional )
{}
public void exitMiDlet()
{
destroyApp(true);
notifyDestroyed();

}

Class KeyCodeCanvas
Key codes and commands for event handling
lass KeyCodeCanvas extends Canvas implements CommandListener

private Command cmEXit; // Exit midlet
private String keyText = null; // Key code text
private KeyCodes midlet;

public KeyCodeCanvas(KeyCodes midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

protected void paint(Graphics Qg)

{
// Clear the background (to white)
g.setColor (255, 255, 255);
g-FillRect(0, 0, getWidth(),getWidth());

// Set color and draw text
if (keyText = null)

// Draw with black pen

g-setColor(0, 0, 0);

// Center the text

g.-drawString(keyText, getWidth()/2, getWidth()/2,
Graphics.TOP | Graphics.HCENTER);



public void commandAction(Command c, Displayable d)

{
it (c == cmExit)
midlet.exitMIDlet();

protected void keyPressed(int keyCode)

{
keyText = getKeyName(keyCode);
repaint();
}
}

Notice there are two methods for managing events. commandAction() and keyPressed(). The
first method works as it always has, receiving aCommand object that generated the event and the
Displayable abject on which the event was received. The only check isto seeif there was a request
to exit the MIDlet.

public void commandAction(Command c, Displayable d)

{
it (c == cmExit)
midlet.exitMIDlet();
3

keyPressed() iscaled when akey code generates an event. The code is converted into aString
and arequest is made to repaint the Canvas (where keyText is displayed).

protected void keyPressed(int keyCode)

{
keyText = getKeyName(keyCode);
repaint();

Thisisour first run-in with the paint() method. Notice the Graphics aobject that is passed in. This
object is used to render directly onto the Canvas, which is analogous to drawing onto the display.
Within paint() we clear the display and write the text string that represents the key code pressed.
For the time being, don't concern yourself with the methods of the Graphics class. If you get the gist
of what isgoing oninside paint(), you're good to go.

protected void paint(Graphics g)

{
// Clear the background (to white)
g-setColor (255, 255, 255);
g-fillRect(0, 0, getWidth(),getWidth());

// Set color and draw text
if (keyText != null)

// Draw with black pen

g.setColor(0, 0, 0);
// Center the text
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g.-drawString(keyText, getWidth()/2, getWidth()/2,
Graphics.TOP | Graphics.LEFT);
}

}

Figure 9-6 shows the output of keyCodes . java when pressing the * and 7 keys on the keypad.

Figure 9-6. Printing key codes on a canvas

Game Actions

MIDP defines a set of constants, referred to as game actions, to facilitate event handling for game
related events (see Table 9.6). Each game action is defined as a static integer:

public static final int UP=1;
public static final int DOWN=6;

Y ou are assured that each game action will be assigned a key code by the implementation. For
example, on the device shown in Figure 9—7 the game actions UP, RIGHT, LEFT, DOWN and FIRE
may be mapped to the directional keys just below the display. Should a device not have such keys
available, these same game actions may be mapped to the keypad using 2, 6, 4, 8 and 5, respectively.

Figure 9-7. Game action mapping
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Games actions may be
mapped to specific keys
on a device.

If there are no specific
keys, game actions may
map to the keypad.

With this design you don't need to concern yourself that one device may map "up" to adirectional
arrow and another may map the same action to the 2 key on the keypad.

Table 9.6. Game Actions: javax.microedition.lcdui.Canvas

Name Description Constant Value
UP Move up 1
DOWN Move down 6
LEFT Move left 2
RIGHT Move right 5
FIRE Fire 8
GAME_A Custom 9
GAME_B Custom 10
GAME_C Custom 11
GAME D Custom 12

The methods for working with game actions are listed in Table 9-7.

Table 9.7. Game Action Methods: javax.microedition.lcdui.Canvas
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\ Method | Description

int getK eyCode(int gameAction) Determine key code for a game action
int getGameAction(int keyCode) Get the game action, if any, for the key code
String getK eyName(int keyCode) Get name for akey code™!

M can display the text associated with a game action if first converted to a key code. See description that
follows.

getKeyCode () will adways return avalid key code for any game action. For example, you may have
initialization code that stores key codes for each action:

int keyFire
int keyRight

getKeyCode(FIRE);
getKeyCode(RIGHT);

getGameAction() goes the opposite direction, returning a game action for a specified key code.

protected void keyRepeated(int keyCode)

{
switch (getGameAction(keyCode))

{

case Canvas.FIRE:

,
}

getKeyName () returns the name associated with akey code (e.g., "#" for KEY_POUND). Read that
carefully—it does not return the name for a game action. However, this method will return the
appropriate text if you convert a game action to a key code as follows:

getkKeyName(getKeyCode(FIRE));
getKeyName (getKeyCode(RIGHT));

A second option isto let the conversion be done for you. For example, if agame action (such asa
directional arrow) is pressed to initiate an event, keyPressed () will hand over the appropriate key
code. From here you can get the associated text:

// Game action initiated the event..
protected void keyPressed(int keyCode)

{
keyText = getKeyName(keyCode);

}

Multiple Game Actions per Key Code

A key code can be mapped to, at most, one game action. For example, the key code
KEY_NUM2 may be mapped to the game action Canvas . UP. However, the same key code
cannot also be mapped to the game action Canvas . DOWN. Obviousdly, if this were true, you
would have no wav to decide which action to carrv out. Do vou move up or down when the
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event isfired?

However, we can flip the tables—a game action may be mapped to more than one key code.
For example, the game action Canvas . UP may be mapped to adirectional arrow (ideally
one that points up) as well as an additional soft-key. Pressing either will invoke the same
response, arequest to carry out the "up action.”

Detecting Game Actions

All low-level event handling on aCanvas is done through key codes (Commands, which are also
available on a canvas, use the listener event mode!). Said another way, keyPressed(),
keyReleased() and keyRepeated() are passed akey code when an event is triggered. Following
are two options for working with game actions and their equivalent key codes:

Option #1
e Duringinitialization, use getKeyCode () to request and store key codes for each game
action.
e Inside keyPressed(), keyReleased() and keyRepreated(), branch based on the key
code

Here is how this might look:

// During initialization
keyFire = getKeyCode(FIRE);
keyRight = getKeyCode(RIGHT);
keyLeft = getKeyCode(LEFT);

}}-At runtime
protected void keyPressed(int keyCode)

{
iT (keyCode == keyFire)
shootWeapon();
else if (keyCode == keyRight)
moveRight();
}
Option #2

e Inside keyPressed(), keyReleased() and keyRepreated(), convert the incoming
key code into the corresponding game action
e Branch based on the game action

protected void keyPressed(int keyCode)

{
switch (getGameAction(keyCode))

case Canvas.FIRE:
shootWeapon();
break;

case Canvas.RIGHT:
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moveRight();
break;

,

Don't read anything into the use of if—then—else versus the switch statement. Thisis completely
arbitrary. The end result for both optionsis the same—a means to decipher which game action
initiated an event. How you detect and process game actions is a matter of preference and application
logic.

Game Actions and Portability

Whether key codes for game actions are stored at initialization time or converted into a
game action at runtime, we are in essence asking the implementation "so what key codeis
used for up, down, left, etc.”. Once we know the action that fired the event, it'sasimple
matter to branch appropriately using an if-then—else or switch statement.

With this design you don't need to concern yourself with differences such as one device
mapping the "up" action to adirectional arrow and another mapping the same action to the 2
key on the keypad.

This design also provides for code that is portable. If you are diligent in using only the key
codes shown in Table 9.4 and game actions Table 9.6, your event handling stands a good
chance of running across a range of devices.

Example: Viewing Game Action Names

Example 9.2 prints the text associated with a game action. As with the previous example,
keyPressed() will trap events and convert the incoming key codes into atext string. Thepaint()
method will print the text onto the display (see Figure 9-8).

Figure 9-8. Printing game actions on a canvas

Example 9.2 GameActions.java

* GameActions. java

*

* Canvas for processing game actions

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

public class GameActions extends MIDlet

{
private Display display; // The display
private GameActionCanvas canvas; // Canvas

public GameActions()

display
canvas

Display.getDisplay(this);
new GameActionCanvas(this);
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¥

*
*

*

C

{

}

protected void startApp()

display.setCurrent(canvas);

}

protected void pauseApp()
{}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

destroyApp(true);
notifyDestroyed();

}

GameActionCanvas. java
Game action event handling
lass GameActionCanvas extends Canvas implements CommandListener

private Command cmEXit; // Exit midlet
private String keyText = null; // Key code text
private GameActions midlet;

public GameActionCanvas(GameActions midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit', Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

protected void paint(Graphics g)

{
// Clear the background (to white)

g.setColor (255, 255, 255);
g-FillRect(0, 0, getWidth(), getHeight());

// Set color and draw text
if (keyText I= null)

// Draw with black pen
g.setColor(0, 0, 0);
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// Center the text
g.-drawString(keyText, getWidth()/2, getHeight()/2,
Graphics.TOP | Graphics.HCENTER);

public void commandAction(Command c, Displayable d)
{
if (c == cmExit)
midlet.exitMiDlet();

* Game action event handling
* A game action will be converted into a key code
* and handed off to this method

protected void keyPressed(int keyCode)

{
switch (getGameAction(keyCode))

// Place logic of each action inside the case

case FIRE:

case UP:

case DOWN:

case LEFT:

case RIGHT:

case GAME_A:

case GAME_B:

case GAME_C:

case GAME_D:

default:
// Print the text of the game action
keyText = getKeyName(keyCode);

repaint();
}
}

Thereis one line of code worth mentioning. Inside keyPressed() thereisacall to getkeyName().
This method requires a key code, not agame action. Fortunately, if a game action initiated the event, it
is converted to akey code prior to invoking keyPressed(). All that's remaining is to store the text
representation of the key code into keyText. The paint() method will complete the cycle by
displaying the text on the canvas.

protected void keyPressed(int keyCode)

{
switch (getGameAction(keyCode))

// Print the text of the game action
keyText = getKeyName(keyCode);
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}

Pointer Events

The MID Profile includes a set of methods to interact with pointer devices such as amouse or touch
screen.

Table 9.8. Pointer Methods: javax.microedition.lcdui.Canvas

\ Method | Description

boolean hasPointer Events() Does the platform support a pointer

boolean hasPointer M otionEvents() [Does the platform detect pointer motion ("click/point and drag”)

void pointer Dragged(int x, inty)  |Invoked when pointer dragged

void pointer Pressed(int x, int y) Invoked when pointer pressed

\void pointer Released(int x, inty) |Invoked when pointer released

The interaction with a pointer follows the same philosophy as with key codes. The methods
pointerPressed(), pointerReleased() and pointerDragged() areinvoked when a
pointer is pressed, released or dragged. Each method is merely a placeholder and must be overridden
if you choose to support pointer events. For example, you may choose to track the current x and y
location as a pointer is moved about on the canvas.

protected void pointerPressed(int x, int y)

{
// Start location point where pointer pressed
startx X;
starty Y;

}

protected void pointerDragged(int x, int y)
{

// Current location of pointer

currentx X;

currenty Y;

}

protected void pointerReleased (int x, int y)
// End location point where pointer released
endx = X;

endy = y;
}

Example: Following Pointer Events

Sun'simplementation of MIDP version 1.0 (asinstalled in Chapter 4) supports pointer events. 4 Each
click, drag and release of the mouse on a Canvas generates an event.

41 ¢ using the wireless toolkit change the following entry in the "device" properties file: touch_screen=true.
The property files are located in: x:/J2MEW TK/wtklib/devices
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Example 9.3 is a pleasant diversion, an alternative to doodling with pen and paper. Well track the
pointer as it moves about on aCanvas. When the mouse button is clicked and held down, aline will
be drawn tracing each movement. Letting up the mouse button stops the drawing. My first doodle was
asalf-portrait (see Figure 9-9).

Figure 9-9. Tracking pointer events on a Canvas

* Doodle. java

*

* Use pointer events to draw onto the Canvas

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

public class Doodle extends MIDlet

{
private Display display; // The display
private DoodleCanvas canvas; // Canvas

public Doodle()

{
display = Display.getDisplay(this);
canvas = new DoodleCanvas(this);
}
protected void startApp()
{
display.setCurrent(canvas);
}
protected void pauseApp()
{1}
protected void destroyApp(boolean unconditional)
{1}
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}

*
*

*

{

_________________________________________________ */
class DoodleCanvas extends Canvas implements CommandListener
private Command cmEXit; // Exit midlet
private Command cmClear; // Clear display
private int startx = 0, // Where pointer was

starty = 0,
currentx = 0, // Current location
currenty = 0;

public void exitMiDlet()
{
destroyApp(true);
notifyDestroyed();

}

Class DoodleCanvas

Pointer event handling

private Doodle midlet;
private boolean clearDisplay = false;

public DoodleCanvas(Doodle midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit", Command.EXIT, 1);
cmClear = new Command('Clear', Command.SCREEN, 1
addCommand(cmExit);

addCommand(cmClear);

setCommandListener(this);

protected void paint(Graphics g)

{
// Clear the background (to white)

if (clearDisplay)
{
g.setColor (255, 255, 255);
g-fillRect(0, 0, getWidth(), getHeight());

clearDisplay = false;
startx = currentx = starty = currenty = 0;

return;

}
// Draw with black pen

g.setColor(0, 0, 0);
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// Draw line
g.drawLine(startx, starty, currentx, currenty);

// New starting point is the current position
startx = currentx;
starty = currenty;

public void commandAction(Command c, Displayable d)
{
if (c == cmExit)
midlet_exitMiIDlet();
else if (c == cmClear)
{
clearDisplay = true;
repaint();

protected void pointerPressed(int x, int y)

{

startx
starty

protected void pointerDragged(int x, int y)
{

currentx = X;
currenty = vy;
repaint();

}

}

When the user clicks the mouse button (or touches the screen with a pointing device such as a stylus),
the method pointerPressed() iscaled. The starting x and y location are noted.

protected void pointerPressed(int x, int y)

{

startx
starty

}

X5
Y

Each movement of the pointer (while the mouse button is down or the stylusis still on the display) is
reported to:

protected void pointerDragged(int x, int y)
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{

currentx = X;
currenty = vy;
repaint();

The current x and y locations are saved and a request is made to re-paint the display. This request will
result in acall to paint(), where aline is drawn from the starting point to the current position.

// Draw line
g-drawLine(startx, starty, currentx, currenty);

// New starting point is the current position
startx = currentx;
starty = currenty;

The current x and y positions will become the starting point for the next line segment. Therefore,
before leaving paint(), startx and starty are set to the current values of x and y.

To start a new doodle, select the "Clear" Command on the device (see Figure 9-9). Command events
are always routed to commandAction()

public void commandAction(Command c, Displayable d)

{
it (c == cmExit)
midlet.exitMIDlet();
else if (c == cmClear)

{

clearDisplay = true;
repaint();

}

If cmClear triggered the event, theflag clearDisplay isset. Back in paint() acheck is made
for this flag, when true the display is cleared by drawing a rectangle the size of the Canvas with a
white background. The position markers are also reset at thistime.

// Clear the background (to white)
it (clearDisplay)

{
g-setColor (255, 255, 255);

g-fillRect(0, 0, getWidth(), getHeight());

clearDisplay = false;
startx = currentx = starty = currenty = 0;

return;

Graphics
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A Graphic object (ak.a. graphic context) is the instrument for drawing onto a Canvas. With over
30 methods, there is an abundance of operations from drawing of shapes and text to specifying fonts
and colors.

For consistency, code examplesin this section will use the variable g to refer to an instance of a
Graphics object. Whenever you see areference to g, assume it has been properly allocated/acquired
and always refersto avalid Graphics abject, for instance:

g.setColor(r, g, b);
g.-drawLine(startx, starty, endx, endy);

Thisisanice segueto the first topic.

Obtaining a Graphics Object

A Graphics object isthe ticket to drawing onto a Canvas. There are two meansto acquire a
reference to this object. We witnessed the first when writing the paint() method inside the Canvas
class. Here's arefresher:

class AnimationCanvas extends Canvas
implements CommandListener

private Command cmEXit; // Exit midlet

cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);
setCommandListener(this);

b;étected void paint(Graphics g)
{

}

The second means to obtain aGraphics object isthrough a mutable Image. Let'sdigressfor just a
minute and review the image types presented in Chapter 7.

Immutable: Once created, these images cannot be altered. Immutable images are most often created
from aresource, such as afile. The most common use of an immutable imageisto display an image as
part of another component. In Example 7.11 we created a Choi ceGroup with images that appear
alongside each selection (see Figure 9-10). A Form, List and Alert can aso be home to immutable
images.

Figure 9-10. Immutable images inside a ChoiceGroup
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Famil
Select Option:

Mutable: These images are created by requesting a block of memory, specifying the height and width
of the desired image. The image is empty until drawn into. Here's how to allocate a mutable image:

// Create mutable image and get graphics object for image
Image tmplmg = Image.createlmage(80, 20);
Graphics g = tmplmg.getGraphics();

Look what we just uncovered. There's our second reference to aGraphics object, through a mutable
image. Which also answers the question, how do you draw into a mutable image?

Before moving on, let's go over the fundamental difference between the lifetime of aGraphics
objects acquired inside paint() versusaGraphics object acquired through an Image.

1. Through paint() method The Graphics referenceisvalid only inside paint(). Once
leaving (even if you save areference to the variable), the object cannot be used to draw onto
the Canvas.

2. Through an image The Graphics referenceisvalid aslong asthe Image and the variable
that references the Graphics object are in scope. For example, depending on where the
following declaration is made, image and g may be available for the lifetime of the MIDlet.

Image image = Image.createlmage(40, 40);
Graphics g = image.getGraphics();

24 bits are allocated for color support; 8 bits to each of the colors:. red, green, and blue. If adevice
does not support al possible colorsin the range, it will map color requests to the closest possible
match available. Thisincludes mapping a color request to an appropriate shade of gray for non-color
devices.

Table 9.9. Color Suppor t: javax.microedition.lcdui.Graphics

Method Description

void setColor (int RGB) Set color by combining each color component (Red, Green, Blue)
into one integer value

void setColor (int red, int green, int |Set color specifying each color component (Red, Green, Blue)
blue) separately

int getColor() Get current color as one integer value

int getBlueComponent() Get the blue component of the current color
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\i nt getGreenComponent() |Get the green component of the current color

int getRedComponent() Get the red component of the current color
void setGrayScale(int value) Set the grayscale
int getGrayScale() Get current grayscale

Setting Colors

When setting the color, we have two choices. combine the three color components into one integer
value or specify each color as a separate integer. When combining colors, blue occupies the lower
eight bits, followed by green, ending with red. For example, let's randomly select avalue for each
color:

| \Decimal Hexadecimal Binary

Red 0 [0 10000 0000
Green 126 OX7E 0111 1110
Blue 255 OXFF 11111111

When combining each separate color into one integer, we need to shift afew bits around. Specifically,
red needs to move up 16 bits, green up 8 hits, with blue occupying the lower 8 bits.

// Assume "g" is a valid Graphics object
int red = 0,
green = 126,
blue = 255;
g-setColor((red << 16) | (green << 8) | blue);

The end result is an integer value with the binary representation:

gjojojojojojojoqofrjifrjrj1rf1jog1rj1j1j1jryj1|1)1

Red Green Blue
The second option is to specify the colors separately:

g.-setColor(red, green, blue);

Determining Color Suppor
Y ou can check for color support on a mobile device through the method
Javax.microedition. Icdui .Display.isColor(). true isreturned if the device
supports color; otherwise false isreturned.

Thereis an additional method—

Jjavax.microedition. Icdui .Display.numColors() —that returns the number of
colors (or shades of gray) available.

Getting Colors
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To get the current color configuration the options are the reverse of setting the colors: the current color
selection can be returned as one integer value or a separate integer for each color.

For separate color values use getRedComponent(), getGreenComponent() and
getBlueComponent(). When requesting the color be returned as one integer value, you can get the
value assigned to each color (red, green and blue) by masking off the appropriate bits.

int colors, red, green, blue;
colors = g.getColor();

// Return the highest 8 bits
red = colors & OxFFO000

// Return middle eight bits
green = colors & OxFFOO;

// Return lowest 8 bits
blue = colors & OxFF

Using Grayscale

setGrayScale(int) alows selection of a shade of gray in the range of 0 to 255. Aswith acolor
device, if the value is outside the supported range, an appropriate match will be selected.

Background and Foreground Colors

MIDP does not support the concept of separate background and foreground colors. This
should be apparent by looking at the methods for setting colors— setColor (int) and
setColor(int, int, int).Nodistinctionismade between the background and
foreground.

Instead, fill operations are used to color the background. For example, to change the
background to blue and draw atext string in white, we can follow these steps:

// Assume “g” is a valid Graphics object
// Fill display with blue background
g-setColor(0, 0, 255);

g-fillRect(0, 0, getWidth(), getHeight());

// Set color to white and draw text
g-setColor(255,255,255);
g.-drawString(“Testing”, 5, 5,

Graphics.TOP | Graphics.LEFT);

We'll visit al the fill operations as we move through the remainder of this chapter.

Stroke Style

When drawing lines, arcs and rectangles we can choose between a solid or dashed stroke style. If you
don't specify a preference, the default is solid. Figure 9-11 shows aline drawn in each stroke style.
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Figure 9-11. SOLID and DOTTED stroke styles

Table 9.10. Stroke Methods: javax.microedition.lcdui.Graphics

Method Description

int getStrokeStyle() Get the current stroke style

\void setStrokeStyle(int style) | Set the stroke style (available styles are shown in Table 9.11)

Setting the preferred stroke is as easy as.

g.-setStrokeStyle(Graphics.DOTTED);
or

g.-setStrokeStyle(Graphics.SOLID);

Oncethe stroke style is set, every line, arc and rectangle drawn with the associated Graphics that
will use that stroke style. There are afew important notes regarding the dotted stroke style:

e A dotted line is drawn by skipping pixelsin drawing path
e Which pixels are skipped is determined by the implementation
e End points (of lines and arcs) and corners (of rectangles) are not guaranteed to be drawn

Table 9.11. Stroke Styles: javax.microedition.lcdui.Graphics

Property Description

SOLID Draw solid lines

DOTTED Draw dotted lines

Drawing Lines

Let’s start with the most basic drawing operation, aline. Each line has a starting point, (x1 y1) and
ending (x2 y2) point (see Table 9.12). Regardless of the stroke style, the thickness of alineis aways
one pixel wide.

Back in Example 9.3, doodle. java, we used this method to draw line segments as a mouse was
moved about on aCanvas. The starting location of the line and the current location of the mouse
were specified as the parametersto drawLine ().

// Draw with black pen
g.setColor(0, 0, 0);

// Draw line
g.drawLine(startx, starty, currentx, currenty);

Table 9.12. Line Drawing: javax.microedition.lcdui.Graphics

| Method | Description

\void drawLine(int x1, int y1, int X2, int y2) \Draw line specifying starting and ending points

Drawing Arcs
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There are two methods to draw arcs. one to create an "outline" of an arc and the second to fill an arc
(see Table 9.13).

Table 9.13. Arc Methods: javax.microedition.lcdui.Graphics

Property Description
void drawArc(int x, int y, int width, int height, int  |Draw an arc inside a bounding box specified by
startAngle, int arcAngle) X,y and width,height.
void fillArc(int X, int y, int width, int height, int Fill an arc inside a bounding box specified by
startAngle, int arcAngle) X,y and width,height.

Drawing an arc begins by specifying the bounding box (i.e., the outside dimensions of an "imaginary"
box that will contain the arc). The startAngle isthe location to start the arc, where O isfound at 3
o'clock. Positive values go counter-clockwise. Therefore, if you choose astartAngle of 90 thearc
would begin at 12 o'clock.

The arcAngle ishow many degrees to rotate from the startAngle. A startAngle of 0 and
arcAngle of 180 would begin at 3 o'clock and rotate counter-clockwise to 9 o'clock. A
startAngle of 90 with an arcAngle of 180 would begin at 12 o'clock and rotate counter-
clockwise to 6 o'clock.

Example: Modifying startAngle and arcAngle

Example 9.4 draws an arc inside a bounding box defined by 5,5 to 75, 75. The startAngle is0 (3
o'clock) and the arcAngl e is 225. Here is the request to create the arc:

g-drawArc(5, 5, 75, 75, 0, 225);
Figure 9-12 shows the resulting arc.
Figure 9-12. Drawing an arc with startAngle 0 and arcAngle 225

Example 9.4 Arcs.java

* Arcs.java

*

* Draw arc on a canvas

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

public class Arcs extends MIDlet

{
private Display display; // The display
private ArcsCanvas canvas; // Canvas

public Arcs()
display

canvas

}

Display.getDisplay(this);
new ArcsCanvas(this);
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}

*
*

*

protected void startApp()
{

display.setCurrent(canvas);

}

protected void pauseApp()
{3}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

{
destroyApp(true);

notifyDestroyed();
s

Class ArcsCanvas

Draw Arcs

class ArcsCanvas extends Canvas implements CommandListener

{

private Command cmExit; // Exit midlet
private Arcs midlet;

public ArcsCanvas(Arcs midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit', Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

}

protected void paint(Graphics g)

{
// Start at 3 o"clock and rotate 225

g-drawArc(5, 5, 75, 75, 0, 225);

// Start at 12 o"clock and rotate 225

// g.drawArc(5, 5, 75, 75, 90, 225);

// Change the size of the bounding box
// Start at 12 o"clock and rotate 225

// g.drawArc(25, 35, 30, 50, 90, 225);

}

public void commandAction(Command c, Displayable d)

if (c == cmExit)
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midlet.exitMiDlet();

}
}

Inside paint() arethreecallsto drawArc(). Theresult of thefirst call is shown in Figure 9-12:
g-drawArc(5, 5, 75, 75, 0, 225);

Noticein Figure 9-13 (on the | eft) how the arc changes when the startAngle is modified. The
arcAngle is gtill 225; however, the starting position is now 90 (12 o'clock):

Figure 9-13. Leftmost arc is the same arc as Figure 9-12, with a startAngle of 90; Arc
on the right has a modified bounding box.

g.drawArc(5, 5, 75, 75, 90, 225);
Finally, the arc on the right in Figure 9-13 is the result of a change to the bounding box:
g-drawArc(25, 35, 30, 50, 90, 225);

Filling of arcs follows exactly the same principal: specify a bounding box and start angle and rotation
of the arc. Lets change the original arc (Figure 9-12) from:

g.drawArc(5, 5, 75, 75, 0, 225);
to a filled arc:

g.fillArc(5, 5, 75, 75, 0, 225);
Theresult is shown in Figure 9-14.

Figure 9-14. Filled arc
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Make afew changes of your own to get afedl for drawing arcs and filled arcs. Specifically, try
specifying a negative arcAngl e, an option we didn't experiment with in the earlier examples.

Drawing Rectangles

Rectangles can have either square or rounded corners and can be drawn as an outline or filled (see
Table 9.14).

Table 9.14. Rectangle Methods: javax.microedition.lcdui.Graphics

Property Description
void drawRect(int X, int y, int width, int height) Draw arectangle
void drawRoundRect(int x, int y, int width, int height, int arcwWidth, int Draw arounded
arcHeight) rectangle
void fillRect(int X, int y, int width, int height) Fill arectangle
void fillRoundRect(int x, int y, int width, int height, int arcWidth, int Fill arounded rectangle
arcHeight)

The parameters for a non-rounded rectangle should be unmistakable. Specify the starting x and y
location as well as the width and height. When creating a rectangle with rounded corners we also
specify the horizontal diameter (arcWidth) and the vertical diameter (arcHeight) of the arc drawn
at each corner.

Example: Four Rectangle Types
Example 9.5 creates arectangle for each of the four types.

Example 9.5 Rectangles.java

* Rectangles. java
*

* Draw Rectangle on a canvas

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

p
{

}

*
*
*

*

C

{

ublic class Rectangles extends MIDlet

private Display display; // The display
private RectangleCanvas canvas; // Canvas

public Rectangles()

{
display
canvas

}

protected void startApp()

Display.getDisplay(this);
new RectangleCanvas(this);

display.setCurrent(canvas);

}

protected void pauseApp()
{7}

protected void destroyApp(boolean unconditional)

{1}
public void exitMiDlet()

destroyApp(true);
notifyDestroyed();

}

Class RectangleCanvas
Draw arcs
lass RectangleCanvas extends Canvas implements CommandListener

private Command cmExit; // Exit midlet
private Rectangles midlet;
public RectangleCanvas(Rectangles midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

protected void paint(Graphics Q@)

{
g.drawRect(1, 1, 25, 25);
g.drawRoundRect(28, 28, 45, 45, 15, 45);
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// g-FillRect(l, 1, 25, 25);

// g-fillRoundRect(28, 28, 45, 45, 15, 45);
}
public void commandAction(Command c, Displayable d)
{

ifT (c == cmExit)
midlet.exitMiDlet();
3

}
Figure 9-15 shows the following two rectangles, the latter with rounded corners.

Figure 9-15. Rectangles with and without rounded corners

g-drawRect(1, 1, 25, 25);
g-drawRoundRect(28, 28, 45, 45, 15, 45);

To draw afilled rectangle, change the method call, leaving all the parameters unchanged. The results
are shown in Figure 9-16.

Figure 9-16. Filled rectangles with and without rounded corners
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g-FillRect(l, 1, 25, 25);
g-FillRoundRect(28, 28, 45, 45, 15, 45);

Rounded Rectangles

The horizontal and vertical diameter (arcWidth and arcHeight) specified when
creating a rounded rectangle define the "sharpness of the arc,” if you will, in each direction.
The larger the value the more gradual the arc.

For example, when setting the horizontal diameter to 15 and the vertical diameter to 45, the
arcin the vertical direction is more gradual than that in the horizontal direction. See Figure
917

Figure 9-17. Determining the "sharpness" of corners on arounded rectangle

[ A Vertical Diameater

Harizontal Diameter

g-drawRoundRect(28, 28, 45, 45, 15, 45)

Drawing Text

Anytime we draw text we must take into consideration the font style currently assigned to the
Graphics context. Before going any further, thisis an opportune time to learn about fonts.

Fonts

Font support within MIDP has been slimmed down significantly compared with J2SE. The most
glaring omission isthe lack of aFontMetrics class. Metrics define characteristics of aFont that
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deal with measurements such as the height of a character or the size of the gap between one character
and the next. MIDP does provide various metric information, as we'll see, just not to the extent you
may be accustomed too.

A new Font isrequested through the static method Font . getFont().

Font font = Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_PLAIN,
Font.SIZE_MEDIUM) ;

The idea behind using a static method isin an effort to conserve resources, specifically, limiting
garbage collection. When requesting a Font keep in mind that the implementation may not be able to
accommodate your request. If thisisthe case, the nearest match will be returned.

Table 9.15. Font: javax.microedition.lcdui.Font

Method | Description
static Font getFont(int face, int style, int size) Request anew Font
static Font getDefaultFont() Request the system Font

There are three attributes associated with a Font: the face, style and size. Table 9.16 shows the
constants that are defined for each attribute. One attribute deserves special attention—the style. Unlike
the face and size, you can combine style attributes using alogical OR (|) operator. Here is arequest for
the system (default) face, which has both abold and italic style and is medium in size.

Font font = Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_BOLD | Font.STYLE_ITALIC,
Font.SIZE_MEDIUM);

There are seven methods for querying afonts attributes, and each islisted in Table 9.17. One method
worth mentioning is getStyle(), which returns an integer that may be any combination of the style
attributes

Table 9.16. Font Attributes: javax.microedition.lcdui.Font

Attribute Description Constant Value
FACE_SYSTEM System characters 0
FACE_MONOSPACE M onospace characters 32

IFACE_PROPORTIONAL |Proportional characters 64
ISTYLE_PLAIN Plain characters 0
STYLE BOLD Bold characters 1
STYLE ITALIC Italicized characters 2
STYLE UNDERLINED Underlined characters 4
SIZE_SMALL Small characters 8
|SIZE_MEDIUM Medium characters 0
|SIZE_LARGE Large characters 16

(STYLE_PLAIN, STYLE_BOLD, STLYE_ ITALIC, STYLE UNDERLINED). Let'swalk through an
example using the following font:
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Font font = Font.getFont(
Font.FACE_SYSTEM,
Font.STYLE_BOLD | Font.STYLE_ ITALIC | Font.STYLE UNDERLINED,
Font.SIZE_MEDIUM);

int style = font.getStyle();

The variable sty l e will havethe value 7. Here's why.

| Binary Decimal
[Font.STLYE_BOLD 100000001 1
[Font.STYLE_ITALIC /00000010 2
Font.STLYE_UNDERL INED 00000100 4
Logical OR 00000111 7

If you would like to test for various style attributes you may write something as follows.

if (style == (Font.STYLE_BOLD | Font.STYLE_ITALIC))

We get the same end result using the methods isPlain(), isBold(), isltalic() and
isUnderlined(), such as.

ifT (font.isBold() && font.isltalic())

So why bother with the extra effort involved with getStyle() ? Think back to how fonts are
allocated. If you remember, there are no guarantees that your request will be granted. If the system
does not support such afont, the closest match will be returned.

With that in mind, let's assume that we prompt a user for their preferred font attributes, with the
intention of saving these attributes in the Record Store. We could store the user preferences as three
integer values:

int face = font.getFace();
int style = font._getStyle();
int size = font.getSize();

getStyle() neatly packages all the preferred style attributes (bold, italic and underlined) into one
variable, style. Without this method we would need to query for each style attribute (isBold(),
isltalic() and isUnderlined()) and either store areference to each one or go through the

hoops to create one variable that will represent a combination of each.

To complete this example, let's assume that each time the MIDlet is started we read user-preferences
from the Record Store and update the system accordingly. To set the Font to the user-preferred
setting, we could read the attributes previously written and with one call set the preferred Font:

int face, style, size;
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// A custom method to read font attributes from rms
getFontAttributes();

// Request the user preferred font
Font font = Font.getFont(face, style, size);

Table 9.17. Attributes Methods: javax.microedition.lcdui.Font

| Method | Description

lint getFace() Get the current face

lint getStyle() Get the combination of style attributes as one integer (logically or'ed)
int getSize() Get the current size

boolean isPlain() Isthe plain (style) attribute set

boolean isBold() Isthe bold (style) attribute set

boolean isltalic() Istheitalic (style) attribute set

Iboolean isUnderlined() |Isthe underlined (style) attribute set

Metrics describe information regarding various measurements of a Font. Before going any further we
need to understand the terminology used when working with metrics (see Figure 9-18).

Figure 9-18. Font metrics

Descent — J Zme Baseline

Leading —__— A

Ascent 6V610per Baseline

|-—— Advance —1-|

Font Height

-

The ascent is the distance from the baseline to the top of the mgjority of characters. The descent isthe
distance from the baseline down to the bottom of the majority of characters (some may extend below
this). Leading is the gap between the descent of one line and the ascent of the next. The font height is
defined as the ascent + leading + descent, which makes up the distance between baselines.

The advanceis the total "distance” occupied by a character or string of characters. The advanceis
more than just the width of the individual characters, it also takes into consideration the gap between
characters. The advance is useful when centering or otherwise horizontally aligning text.

Unlike the FontMetrics classin J2SE, MIDP does not include methods to obtain values for al
metrics. However, the most common metrics for afont are available (see Table 9.18).

getHeight() returnsthe font height. Included is the leading, which provides for a gap between
successive lines of text. getBasel inePosition() returnsthe ascent, the distance from the
baseline to the top of the tallest character. The remaining methods determine the advance (total length
occupied) for asingle character, array of characters, String and asub-string of aString.

Table 9.18. Metrics Methods: javax.microedition.lcdui.Font

\ Method | Description
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lint getHeight () Get font height (distance between baselines)

int getBaselinePosition() Get font ascent (baseline to top of character)
int char Width(char ch) Get the advance for specific character

int charswidth(char[] ch, int offset, int length) Get the advance for a series of characters

int stringWidth(String str) Get the advance for a String

\int substringWidth(String str, int offset, int length) |Get the advance for a sub-string of a String

Using the Advance

The methods for determining the advance are available to help in aigning text. Y ou can
quickly determine how much "space” will be occupied by any given text. With this
information, you can center text, draw around it, create tables holding text values, and so
forth.

The significance of these methods goes unnoticed until the time comes that you need to
align text. Once you find yourself in that position, you'll undergo a different appreciation
for what these methods provide.

Anchor Point

Thereisjust one last topic to cover before drawing text: the anchor point. When drawing text, in
addition to providing the String to display, we also specify an x and y location. Given that the
coordinate system begins in the upper left corner of the display, it would be a reasonable assumption
that thisx and y value would be an offset from that location.

That would work fine; however, to provide for additional flexibility and make it easier to align text,
the concept of an anchor point was introduced. Anchor points are defined in pairs, just like x and y

coordinates. The x (horizontal) values are LEFT, HCENTER and RIGHT. They (vertical) values are

TOP, BASEL INE and BOTTOM.

Picture these pairs as points around an imaginary box, known as the bounding box, of the text you
would like to draw (see Figure 9-19).

Figure 9-19. Anchor points around the bounding box of a text String

TOMHCENTER
TOF/LEFT TOMRIGHT

L ]
BASELINE/LEFT mm BASELINE/RIGHT
BOTTOM/LEFT / BOTTOM/RIGHT

BOTTOM/HCENTER

BASELINEMHCENTER

Table 9.19. Text Anchor Points: javax.microedition.lcdui.Graphics

\ Anchor Point \ Description | Direction

ILEFT Left of text Horizontal
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HCENTER Center of text Horizontal

RIGHT Right of text Horizontal
TOP Top of text Vertical
BASELINE Baseline of text Vertical
BOTTOM Bottom of text Vertical

When you specify an anchor point what you are referring to is which location on the bounding box
will be located at the x and y coordinate. We are putting the cart before the horse; however, to show
an example using anchor points, let'slook at the method drawstring() -

g.drawString(‘‘core j2me', 0, O ,
Graphics.TOP | Graphics.LEFT);

g-drawString(‘‘core j2me', 0, O ,
Graphics.TOP | Graphics.HCENTER;

The first parameter is obvious—thisis the text to draw. The next two values are the x and y
coordinates. The last parameter is the anchor point. Anchor points are aways specified in pairs, a
vertical and horizontal value, combined using the logical OR operator ( | ).

Thefirst call requests that the TOP / LEFT corner of the bounding box be located at 0,0. The second
requests that the TOP / HCENTER of the bounding box be located at 0,0 (see Figures 920 and 9-21).

To get a perspective of the coordinate system and the layout of the text, assume the light gray box
represents the display.

Figure 9-20. Anchor point TOP/LEFT on bounding box at 0,0

core j2me |

0,0

Figure 9-21. Anchor point TOP/HCENTER on bounding box at 0,0
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0,0

core j2me-

Try thison for size:

g-drawString(‘‘core j2me',
getWidth() 7/ 2, getHeight() 7/ 2,
Graphics.BASELINE | Graphics.HCENTER);

This requests that the BASEL INE / HCENTER of the bounding box be positioned at the center of the
display (which islocated by dividing both the screen width and height by 2). The end result, for all
intents and purposes, is that the text is centered. (see Figure 9-22).

Figure 9-22. Centering text with anchor points

The idea behind anchor pointsisto make our life alittle easier when laying out text. Be patient, it
takes alittle trial and error to get the feel for anchor points.

Drawing Text

At this point, with an understanding of fonts and anchor points, drawing text is nothing more than
deciding which method to call. We can opt to draw a single character, an array (or subset of an array)
of characters, aString or subset of aString.

Table 9.20. Drawing Text Methods: javax.microedition.lcdui.Graphics

Method | Description
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\void drawChar (char character, int x, int y, int anchor) \Draw one character

void drawChar s(char[] data, int offset, int length, int X, int y, int |Draw an array (or subset) of
anchor) characters

\void drawString(String str, int x, int y, int anchor) \Draw a String

void drawSubstring(String str, int offset, int len, int x, inty, int  |Draw a sub-string of a String
anchor)

[Font getFont () Get the current Font

\void setFont (Font font) |Set the current Font

Regardless of the method you choose, the implementation will aign the text based on the x and y
coordinates and the anchor point.

Example: Moving Text with Anchor Points

Let's run through an example that moves atext String around a Canvas by changing the anchor

point (Example 9.6). For this MIDIet, x and y will always be positioned at the center of the display.
Thetext will appear in various locations around this coordinate based on the anchor point.

For example, in Figure 923 the anchor point isBASEL INE / HCENTER. This tranglates to: the

location on the bounding box BASEL INE / HCENTER will be at the center of the display (the x and y
coordinate).

Figure 9-23. x and y at center of display; Anchor point baseline/hcenter

T
Dot at conter of display
(anchor point moves
around this location)

To choose an alternative anchor point, select the "Anchor" command on the display. Y ou will be
presented with aL i st of anchor point locations (see the left screen shot in Figure 9-24). Choosing
"Top/Right" translates to: the location on the bounding box TOP / RIGHT will be at the center of the
display (see theimage on theright of Figure 9-24).

Figure 9-24. x and y at center of display. Anchor point top/right
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* Text.java
* Show various anchor points
K e e ————,——,,————— */
import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
public class Text extends MIDlet
{
private Display display; // The display
private TextCanvas canvas; // Canvas to display text
private AnchorPtList anchorPt; // List to query for anchor point
private int anchorPoint = Graphics.BASELINE | Graphics.HCENTER;
public Text()
display = Display.getDisplay(this);
canvas = new TextCanvas(this);
anchorPt = new AnchorPtList(""Anchor point"™, List.IMPLICIT, this);
}
protected void startApp()
showCanvas() ;
}
protected void pauseApp()
{1}
protected void destroyApp( boolean unconditional )
{1}
public void showCanvas()
{

display.setCurrent(canvas);
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public void showList()
{

}
public int getAnchorPoint()

{

return anchorPoint;

}

public void setAnchorPoint(int anchorPoint)

display.setCurrent(anchorPt);

this.anchorPoint = anchorPoint;

}

public void exitMiDlet()

{
destroyApp(true);

notifyDestroyed();

}
}

* Class TextCanvas

* Draw text at specified anchor point

K e o e ———,——,,————— */
class TextCanvas extends Canvas implements CommandListener
{

private Command cmExit; // Exit midlet
private Command cmGetAnchorPt;
private Text midlet;

public TextCanvas(Text midlet)

{
this.midlet = midlet;

// Create commands & listen for events
cmExit = new Command("Exit', Command.EXIT, 1);
cmGetAnchorPt = new Command(**Anchor™, Command.SCREEN, 2);

addCommand(cmExit);
addCommand(cmGetAnchorPt) ;
setCommandListener(this);

¥

protected void paint(Graphics Q@)

{
int xcenter = getWidth() 7/ 2,

ycenter = getHeight() 7/ 2;
// Choose a font
g-setFont(Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_PLAIN, Font.SIZE_MEDIUM));

// Draw a dot at the center of the display
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g.drawLine(xcenter, ycenter, xcenter, ycenter);

// x and y are always at the center of the display
// NMove the text around x and y based on the anchor point
g.drawString(''go j2mel™,

xcenter, ycenter, midlet.getAnchorPoint());

public void commandAction(Command c, Displayable d)
{
if (c == cmExit)
midlet.exitMiDlet();
else if (c == cmGetAnchorPt)

{
midlet.showList();

* Class AnchorPtList

*

* List to query for an anchor point

K e e ———,——,————— */
class AnchorPtList extends List implements CommandListener
{

private Text midlet;

public AnchorPtList(String title, int listType, Text midlet)

{

// Call list constructor
super(title, listType);

this.midlet = midlet;
append('Top/Left”, null);
append(*'Top/HCenter™, null);
append(""Top/Right™, null);
append(*'Baseline/Left”, null);
append(*'Baseline/HCenter™, null);
append(*'Baseline/Right™, null);
append(*'Bottom/Left", null);
append(*'Bottom/HCenter™, null);
append(*'Bottom/Right', null);

setCommandListener(this);

public void commandAction(Command c, Displayable s)

{
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switch (getSelectedindex())
{

case O:
midlet.setAnchorPoint(Graphics.TOP | Graphics.LEFT);
break;

case 1:
midlet.setAnchorPoint(Graphics.-TOP | Graphics.HCENTER);
break;
case 2:
midlet.setAnchorPoint(Graphics.TOP | Graphics.RIGHT);
break;

case 3:
midlet.setAnchorPoint(Graphics.BASELINE | Graphics.LEFT);
break;

case 4:
midlet.setAnchorPoint(Graphics.BASELINE | Graphics.HCENTER);
break;

case 5:
midlet.setAnchorPoint(Graphics.BASELINE | Graphics.RIGHT);
break;

case 6:
midlet.setAnchorPoint(Graphics.BOTTOM | Graphics.LEFT);
break;

case 7:
midlet.setAnchorPoint(Graphics.BOTTOM | Graphics.HCENTER);
break;

case 8:
midlet.setAnchorPoint(Graphics.BOTTOM | Graphics.RIGHT);
break;

default:
midlet.setAnchorPoint(Graphics.BASELINE | Graphics.HCENTER);

}

midlet.showCanvas();

}
}

This MIDlet consists of three classes:
Text: The main midlet. Allocates the Canvas and L i st components and displays each as requested.

TextCanvas: Extendsthe Canvas class and is hometo the paint() method wherethe text is
drawn based on the anchor point.

AnchorPtList: Extendsthe List classto display a selection of anchor points.
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Focus your attention on paint(). Notice the x and y coordinates are always at the center of the
display. We mark this location by drawing atiny arc.

protected void paint(Graphics g)

{
int xcenter = getWidth() 7/ 2,
ycenter = getHeight() 7/ 2;
// Choose a font
g.setFont(Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_PLAIN, Font_SI1ZE_MEDIUM));
// Draw a dot at the center of the display
g.drawLine(xcenter, ycenter, xcenter, ycenter);
// x and y are always at the center of the display
// Move text around x and y based on anchor point
g-drawString(‘'go j2mel™,
xcenter, ycenter, midlet.getAnchorPoint());
}

Drawing Images

Drawing of imagesis not unlike drawing aline or text. There is an appropriately named method
drawlmage() . However, there's a catch. Look over the parameters for the method and see if
anything comes to mind:

drawlmage(lmage, int x, int y, int anchor)

Table 9.21. Image Method: javax.microedition.lcdui.Graphics

| Method | Description

\void drawl mage (Imageimg, int x, int y, int anchor) \Draw an image

The concern has to do with the first parameter, which is areference to an Image object. Thisimplies,
and correctly so, that we can’t call draw Image () until we create an Image. Going one step further,
if we create a mutable Image, which is nothing more than a block of memory, it has no content until
drawn onto. It comes down to this: we need to lay the groundwork before calling drawImage ().
Here are the basic steps:

I mmutable I mage
1. Allocate theimage

Image im = Image.createlmage(“/imageTest.png™);
2. Display theimage

protected void paint(Graphics g)
{

é:arawlmage(im, 10, 10, Graphics.LEFT | Graphics.TOP);
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, I
Mutable Image

1. Allocate theimage
Image im = Image.createlmage(80, 20);

2. Create the image content (using arcs, rectangles, lines and text)

// Get Graphics object to draw onto image
Graphics graphics = im.getGraphics();

// Draw a filled rectangle
graphics.fillRoundRect(0, 0, 50, 50, 20, 20);

3. Display theimage

protected void paint(Graphics Qg)
{

g.drawlmage(im, 10, 10, Graphics.LEFT | Graphics.TOP);
}

Example: Immutable Image
Two examples are in order, one each for immutable and mutable images (see Example 9.7).

Example 9.7 Inmutablelmage.java

* Immutablelmage. java

*

* Draw immutable image on a canvas

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

public class Immutablelmage extends MIDlet

{
private Display display; // The display
private ImageCanvas canvas; // Canvas

public Immutablelmage()

{
display
canvas

}

protected void startApp()

Display.getDisplay(this);
new ImageCanvas(this);
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{
}

protected void pauseApp()
{3

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()
{

display.setCurrent(canvas);

destroyApp(true);
notifyDestroyed();
}
}

* Class ImageCanvas
*

* Draw immutable image

K e e ————,——,——_————— */
class ImageCanvas extends Canvas implements CommandListener

private Command cmExit; // Exit midlet
private Immutablelmage midlet;
private Image im = null;

public ImageCanvas(Immutablelmage midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command(“Exit”, Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

try

// Create immutable image
im = Image.createlmage(“/image_bw.png™);

catch (Java.io.lOException e)

{
System.err._printIn(“Unable to locate or read .png file”);
}
}
/)
* Draw immutable image
K e . ——_————— */
protected void paint(Graphics g)
{

if (im I= null)
g-drawlmage(im, 10, 10, Graphics.LEFT | Graphics.-TOP);
}

public void commandAction(Command c, Displayable d)
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{

if (c == cmEXit)

midlet.exitMIDlet();
}

3

Inside the constructor for the Canvas an immutable image is read from afile resource.

// Create immutable image
im = Image.createlmage(“/image_bw.png™);

The paint() method draws the image onto the Canvas (see Figure 9-25).

Figure 9-25. Immutable image on Canvas

protected void paint(Graphics g)

{
if (im I= null)
g-drawlmage(im, 10, 10, Graphics.LEFT | Graphics.-TOP);
}

Example: Mutable Image

Example 9.8 displays a mutable Image. However, there are a few additional steps. After allocating
the Image, we will need to obtain areference to aGraphics context and use that reference to create
the Image content. At that point we can then call drawlmage() -

Example 9.8 Mutablelmage.java

* Mutablelmage. java
*

* Draw mutable image on a canvas

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

¥

*
*

*

C

{

ublic class Mutablelmage extends MIDlet

private Display display; // The display
private ImageCanvas canvas; // Canvas

public Mutablelmage()

{
display = Display.getDisplay(this);
canvas = new ImageCanvas(this);

}

protected void startApp()

{
display.setCurrent(canvas);

}

protected void pauseApp()

{}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

{
destroyApp(true);

notifyDestroyed();
3

Class ImageCanvas
Draw mutable image
lass ImageCanvas extends Canvas implements CommandListener

private Command cmExit; // Exit midlet
private Mutablelmage midlet;

private Image im = null;

private String message = “Core J2ME”;

public ImageCanvas(Mutablelmage midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command(“Exit”, Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

try
{

// Create mutable image
im = Image.createlmage(80, 20);

// Get graphics object to draw onto the image
Graphics graphics = im.getGraphics();
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// Specify a font face, style and size

Font font = Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_ITALIC,
Font.SI1ZE_MEDIUM);

graphics.setFont(font);

// Draw a filled (black) rectangle

graphics.setColor(0, 0, 0);

graphics.fillRoundRect (0,0,
im.getWidth()-1, im.getHeight()-1,
20, 20);

// Center text horizontally in the image. Draw text in white
graphics.setColor(255, 255, 255);
graphics.drawString(message,
(im.getWidth() /7 2) — (font.stringWidth(message) 7/ 2), O,
Graphics.TOP | Graphics.LEFT);

catch (Exception e)
{

System.err._printIn(“Error during image creation™);

protected void paint(Graphics Q@)

{
// Center the image on the display

if (im = null)
g-drawlmage(im,
getWidth() /7 2, getHeight() 7/ 2,
Graphics.VCENTER | Graphics.HCENTER);
}

public void commandAction(Command c, Displayable d)

{
if (c == cmExit)
midlet.exitMiDlet();
3

}

Thefirst step isto create a mutable image:

im = Image.createlmage(80, 20);

Next, to draw onto the image, we need areference to aGraphics object:
Graphics graphics = im.getGraphics();

The remaining code uses this object to draw a rounded (filled) rectangle and a text message onto the
image. Remember, at this point theimageis still not visible. It exists only in memory.

// Specify a font face, style and size
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Font font = Font.getFont(Font.FACE_SYSTEM,
Font.STYLE_ITALIC,
Font.SIZE_MEDIUM) ;

graphics.setFont(font);

// Draw a Filled (black) rectangle

graphics.setColor(0, 0, 0);

graphics.fillRoundRect (0,0,
im_getWidth()-1, im.getHeight()-1,
20, 20);

// Center text horizontally in the image. Draw text in white
graphics.setColor(255, 255, 255);
graphics.drawString(message,
(im.getWidth() /7 2) — (font.stringWidth(message) 7/ 2), O,
Graphics.TOP | Graphics.LEFT);

The paint() method draws the image on the Canvas (see Figure 9-26).

Figure 9-26. Mutable image on Canvas

protected void paint(Graphics Q@)

// Center the image on the display
if (im I= null)
g-drawlmage(im,
getWidth() /7 2, getHeight() 7/ 2,
Graphics.VCENTER | Graphics.HCENTER);

}
Table 9.22. Image Anchor Points: javax.microedition.lcdui.Graphics
Anchor Point Description Direction
LEFT Left of image Horizontal
HCENTER Center of image Horizontal
RIGHT Right of image Horizontal
TOP Top of image Vertical
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\VCENTER Center of image \Vertical

BOTTOM \Bottom of image \Vertical

Onefina note: when drawing images the last parameter specifies the anchor point.
g-drawlmage(im, 10, 10, Graphics.TOP | Graphics.LEFT);

Aswith text, the anchor point is the location on the bounding box that is positioned at the specified x
and y coordinates. For example, the af orementioned anchor point requests that the top left corner of
the bounding box be located at the coordinates 10, 10.

Table 9.22 lists the horizonta and vertical anchor points available for images. Notice VCENTER has

taken the place of BASEL INE (see Table 9.19). An image does not have the notion of abaseline (as
does text); however, an image does have a vertical center.

Figure 9-27. Image anchor points

TOPHCENTER
!
TOFLEFT TOPRIGHT

VUENTER/LEFT

VCENTER/RIGHT

BOTTOM/LEFT BOTTOM/RIGHT

I
/ BOTTOM/HCENTER
YCENTERHCENTER

Take one last look at the paint () method for Example 9.7 and the output shown in Figure 9-26.

g-drawlmage(im,
getWidth() 7/ 2, getHeight() 7/ 2,
Graphics.VCENTER | Graphics.HCENTER);

The Image is centered on the display by placing the anchor point at the vertical and horizontal center
of the image and by requesting the x and y coordinates to be in the center of the Canvas, using
getWidth() and getHeight(). In essence, the center of the Image isrequested to be at the center
of the Canvas. If you need areview of anchor points, refer back to "Anchor Point " in the section

"Drawing Text."
Translating Coordinates

When defining the coordinate system we placed 0,0 at the upper |eft corner of the display (see the
screen shot on the left in Figure 9-28).

Figure 9-28. Original coordinate system on left; translated on right
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Through a concept referred to as trandation, a Graphi cs object can reference its origin (0,0) at a
different location on the display. For example, on the right screen shot in Figure 9-28, the origin has
been trandlated to the lower |eft corner.

Table 9.23. Translation Methods: javax.microedition.lcdui.Graphics

Method Description
void translate(int x, int y) Tranglate the origin (0, 0) for a Graphics object
int getTrandateX() Get the current translated x coordinate
int getTrandateY () Get the current translated y coordinate

Example: Moving an Image

Example 9.9 moves an image up/down and left/right on aCanvas by translating the origin of the
Graphics object. The game actions LEFT, RIGHT, UP and DOWN trigger events where the trandlation
occurs. Hereisapartial listing of keyPressed() that shows the translation when selecting the DOWN
action.

protected void keyPressed(int keyCode)

{
switch (getGameAction(keyCode))
{
case UP:
case DOWN:
// 1f scrolling off the bottom, roll around to top
if ((translatey + im.getHeight() + im.getHeight())
> getHeight())
translatey = 0;
else
translatey += im.getHeight();
break;
}
repaint();

Before trandating the y coordinate down, a check is made to see if another complete image can be
displayed below the current location. If yes, update the translation point equal to the height of the
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image; otherwise, reset the trandlation point to zero, which will move the image back to the top of the
display. Once the coordinate system has been trand ated, we regquest the display be updated through a
cal to repaint().

protected void paint(Graphics Qg)

{
if (im I= null)
{
// Clear the background
g-setColor (255, 255, 255);
g-fillRect(0, 0, getWidth(), getHeight());

// Translate coordinates
g-translate(translatex, translatey);

// Always draw at 0,0
g-drawlmage(im, O, O, Graphics.LEFT | Graphics.-TOP);
}
}

The call to drawlImage () aways placestheimage at 0, O (for this example). Nothing has changed
other than where the Graphi cs object considersits origin to be located.

Figure 9—29 shows an image drawn before any translation. Figure 9-30 shows the result of translating
once down and once to the right. One important point: The amount of translation in each direction is
based on the height and width of the image.

Figure 9-29. Original coordinate system (before translation)

Figure 9-30. Translation down and to right



Example 9.9 Translate.java

*
*
*
*
i
i

P
{

Translate. java

Translate coordinate system

mport javax.microedition.midlet.*;
mport javax.microedition.lcdui.*;

ublic class Translate extends MIDlet

private Display display; // The display

private TranslateCanvas canvas; // Canvas

public Translate()

{
Display.getDisplay(this);
new TranslateCanvas(this);

display
canvas

}

protected void startApp()

display.setCurrent(canvas);

}
protected void pauseApp()

{3}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

{
destroyApp(true);

notifyDestroyed();
3

}

* Class Translate
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*

* Draw image using translated coordinates

class TranslateCanvas extends Canvas implements CommandListener

{

private Command cmExit; // Exit midlet
private Translate midlet;

private Image im = null;

private int translatex = 0, translatey = 0;

public TranslateCanvas(Translate midlet)

{

}

this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

try

// Create immutable image
im = Image.createlmage("'/bolt.png™);
}

catch (Java.io.lOException e)

{
}

System.err.printIn("'Unable to locate or read .png file);

protected void paint(Graphics g)

{

}

if (im = null)
{
// Clear the background
g.-setColor (255, 255, 255);
g-FillRect(0, 0, getWidth(), getHeight());

// Translate coordinates
g-translate(translatex, translatey);

// Always draw at 0,0
g.-drawlmage(im, 0, 0, Graphics.LEFT | Graphics.TOP);
}

public void commandAction(Command c, Displayable d)

{

}

ifT (c == cmExit)
midlet.exitMIDlet();

protected void keyPressed(int keyCode)

switch (getGameAction(keyCode))
{

case UP:
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// If scrolling off the top, roll around to bottom
if (translatey - im.getHeight() < 0)
translatey = getHeight() - im.getHeight();
else
translatey -= im.getHeight();
break;

case DOWN:

// If scrolling off the bottom, roll around to top
if ((translatey + im.getHeight() + im.getHeight())
> getHeight())
translatey = 0O;
else
translatey += im.getHeight();
break;

case LEFT:

// If scrolling off the left, bring around to right
if (translatex - im.getWidth() < 0)
translatex = getWidth() - im.getWidth();
else
translatex -= im.getWidth();
break;

case RIGHT:
// 1T scrolling off the right, bring around to left

if ((translatex + im.getWidth() + translatex) > getWidth())
translatex = 0;

else
translatex += im.getWidth();
break;
}
repaint();

Clipping Regions

For each call we've made to paint(), the entire display has been redrawn. A clipping region can be
used to limit what is painted on the display. One important benefit is a reduction in the time to refresh

the display.

Before we define a clipping region of our own, let's display an image along with information about the
default clipping region

Image im = Image.createlmage('/bridge.png™);

b;étected void paint(Graphics g)

{

System.out._printIn("'x: " + g.getClipX(Q);
System.out._printIn("'y: " + g.getClipY(Q));
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Table 9.24. Clipping Methods: javax.microedition.lcdui.Graphics

Method Description
void setClip(int x, int y, int width, |Set the clipping rectangle
int height)
void clipRect(int x, int y, int width, |Intersect this rectangle with the current clipping rectangle to
int height) create anew clipping region
lint getClipX () Get x coordinate of the current clipping region
int getClipY () Get y coordinate of the current clipping region
int getClipHeight() Get height of the current clipping region
int getClipwidth() Get width of the current clipping region

Figure 9-31. Unclipped image and the corresponding clipping coordinates

System.out.printIn("width: " + g.getClipwidth(Q);

System.out.printIn("height: " + g.getClipHeight());

g-drawlmage(im, O, O, Graphics.LEFT | Graphics.-TOP);
}

That's interesting—there is aready a clipping region defined, even beforewe call setClip() . The
default is a clipping rectangle that consists of the entire display—x and y starting at 0,0 and width and
height matching the values returned by Canvas.getWidth() and Canvas.getHeight().

Let's modify the clipping rectangle and see how this affects the output on the display.

protected void paint(Graphics g)
g-setClip(25, 25, 45, 45);

g.-drawlmage(im, 0, 0, Graphics.TOP | Graphics.LEFT);
}

Figure 9-32 shows how only the region of the display defined by the clipping rectangle has been
painted.

Figure 9-32. Clipping region defined as 25, 25, 45, 45
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Default Clipping Rectangle

The default clipping rectangle consists of the entire display. That is, x and y will be 0, the
width will be equivalent to the value returned by Canvas.getWidth() and the height
will be equivalent to the value returned by Canvas.getHeight() .

Example: View Port Game

Let'swrite aMIDlet that follows a similar path as the previous example. We'll use game actions to
generate events; however, instead of translating the origin, we move the clipping region around the
Canvas. Thiscreates an intriguing "view port" that allows only a portion of the display to be seen at
any one time.

To mimic a simple game—with the objective to guess what's on the display—we'll randomly
determine the starting coordinates for the clipping region. The game actions LEFT, RIGHT, UP and
DOWN will move the clipping region around the Canvas (see Figure 9-33). If at some point you
would like to see the entire Image, select the FIRE game action (see Figure 9-34).

Figure 9-33. Clipping region moving around the Canvas
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Figure 9-34. Reset the clipping region to the entire display

Example 9.10 Clip.java

/

*
*
*
*
1

K o e ———,—,—,——————
Clip.java

Move a clipping region around a Canvas
_________________________________________________ */
mport javax.microedition.midlet.™;

mport javax.microedition.lcdui.*;
mport java.util._*;

public class Clip extends MIDlet

{
private Display display; // The display
private ClipCanvas canvas; // Canvas

public Clip(Q)

{
display = Display.getDisplay(this);
canvas = new ClipCanvas(this);

}

protected void startApp()
{

display.setCurrent(canvas);

}

protected void pauseApp()
{3}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

destroyApp(true);
notifyDestroyed();
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* Class ClipCanvas

*

* Display the clipping region

class ClipCanvas extends Canvas implements CommandListener

{

private Command cmEXit; // Exit

private Clip midlet; // Main midlet
private Image im = null; // Image to display
private Random random; // Get random number

private int clipx = 0, clipy =0, // View port
clipw = 45, cliph = 45; // (clipping region)
private int old clipx = 0, old _clipy = 0; // Last clipping region

public ClipCanvas(Clip midlet)

{
this.midlet = midlet;

// Create exit command & listen for events
cmExit = new Command("Exit", Command.EXIT, 1);
addCommand(cmExit);

setCommandListener(this);

// Get random values for starting point
random = new java.util_Random();

// Nake sure the entire clipping region is
// visible on the display
clipx = Math_.min((getWidth() - clipw),
(random.nextInt() >>> 1) % getWidth(Q));
clipy = Math.min((getHeight() - cliph),
(random.nextint() >>> 1) % getHeight());

try

// Create immutable image
im = Image.createlmage(’'/house.png');
}

catch (Java.io.lOException e)

{

System.err.printIn(*'Unable to locate or read .png file");

}

}

protected void paint(Graphics g)
{

if (im = null)

{

// Clear only the previous clipping region
g-setColor (255, 255, 255);
g.FillRect(old_clipx, old_clipy, clipw, cliph);

// Set the new clipping region
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g-setClip(clipx, clipy, clipw, cliph);

// Draw image
g-drawlmage(im, O, O, Graphics.LEFT | Graphics.-TOP);

}

public void commandAction(Command c, Displayable d)
{
if (c == cmExit)
midlet.exitMiDlet();
}

protected void keyPressed(int keyCode)
{
// Save the last clipping region
old_clipx = clipx;
old_clipy = clipy;

switch (getGameAction(keyCode))
{
case UP:
// NMove clipping region up 3 pixels
if (clipy > 0)
clipy = Math.max(0, clipy - 3);
break;

case DOWN:
// Move clipping region down 3 pixels
if (clipy + cliph < getHeight())
clipy = Math.min(getHeight(), clipy + 3);
break;

case LEFT:
// Move clipping region left 3 pixels
if (clipx > 0)
clipx = Math.max(0, clipx - 3);
break;
case RIGHT:
// NMove clipping region right 3 pixels
if (clipx + clipw < getWidth())
clipx = Math.min(getWidth(), clipx + 3);
break;

case FIRE:
// Show the whole screen by reseting
// the clipping region to the entire display
clipx = clipy = 0;
clipw = getWidth(Q);
cliph getHeight(Q;

}

repaint();
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Let's touch on afew pieces of code. Inside the constructor Cl ipCanvas() we create arandom
starting location:

public ClipCanvas(Clip midlet)

{
// Get random values for starting point
random = new java.util._Random();
// Make sure the entire clipping region is
// visible on the display
clipx = Math_min((getWidth() - clipw),
(random.nextInt() >>> 1) % getWidth();
clipy = Math_min((getHeight() - cliph),
(random.nextInt() >>> 1) % getHeight());
}

Notice in Figure 9-33 that the clipping region is always the same size and fitsin its entirety on the
display. Here are the steps to ensure this outcome:

1. Therandom value must not be negative. Thus we shift a zero into the sign bit of the random
number.

2. Therandom value must be in the range 0 to the width of the display for the x coordinate, and
0 to the height of the display for the y coordinate. We obtain a value in the appropriate range
using the mod operator (%) applied to the value returned from Step 1.

At this point, for the x coordinate, we have a number that is between 0 and the width of the
display. We have a corresponding y value, between 0 and the height of the display.

3. Thex coordinate must take into consideration the width of the clipping region (clipw) and
the y coordinate must consider the height of the clipping region (cliph)

getWidth() - clipw
getHeight() — cliph

Using the minimum value between the results of Step 2 and Step 3 we know the entire clipping region
will be visible on the display.

Each movement of the clipping region requires the display to be cleared. There are two options: We
can take the easy way out and clear the entire display or we can take a moment and write afew extra
lines of code and have a much more efficient solution. Choosing the latter is as simple as the
following two steps:

1. Savethe current clipping region inside keypressed() before defining the new clipping
region:

protected void keyPressed(int keyCode)

{
// Save the last clipping region

old_clipx = clipx;
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old_clipy = clipy;
}
2. Inside paint() fill arectangle that matches the old clipping region

protected void paint()
{

}}-Clear only the previous clipping region
g-setColor (255, 255, 255);
g-fillRect(old_clipx, old_clipy, clipw, cliph);

}

If you find this simple MIDlet in the least bit intriguing, you could make this a much more captivating
game by randomly choosing an image. Keeping count of the moves and providing a means to guess
what's on the display would also be a nice addition.
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Chapter 10. CREATING A DISPLAYER MANAGER
Topicsin this Chapter

Animation MIDlet

Display Manager API
Animating a Series of Images
Source Code

We've had it easy up to this point. All examples have made use of only one or two Displayable
objects. Asthe complexity of your MIDlets grows, so does managing the transition between
Displayable components. Asareview, the Displayable hierarchy is shown here.

Displayable (public abstract class Displayable)
Screen (public abstract class Screen extends
Displayable)
Form (public class Form extends Screen)
List (public class List extends Screen implements
Choice)
TextBox (public class TextBox extends Screen)
Alert (public class Alert extends Screen)
Canvas (public abstract class Canvas extends
Displayable)

There'slittle to no challenge to move from aForm to aL ist, and back again. However, in the
development of a production application there may be transitions between any number of
Displayables. For example, imagine aMIDlet that presented aLi st of three elements. Each
element could invoke aunique Displayable, say aForm, Canvas and TextBox. Upon selecting
the Form, it could invoke another List of Displayables, each of those. . . you get the picture.

Making the calls "moving forward" is not much of aissue. The challenge comes when you need to
unwind back through the Displayables. If you are not much for object-oriented programming and
would opt to use public variables and methods, solving this dilemmais not too difficult (other than
dealing with amess of "global" data). Hopefully you lean toward good data design and keep public
variables and methods to a minimum. If thisis the case, working back through the hierarchy isalittle
more taxing.

TheDisplayManager class was written out of my own frustration when working with MIDlets that
had numerous Displayables and rather involved application logic. | found that the deeper | drilled
down, the more challenging it was to work my way back out.

The beauty of the DisplayManager isinits simplicity. It does little more than leave atrail as you
advance through various Displayables. Thisunassuming trail, however, makes moving back
through Displayables apiece of cake.

Origin of the Display Manager

It deserves repeating that the DisplayManager classis not part of MIDP. Thisisaclass|
designed and devel oped to help manage moving between Displayable objects.
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Animation MIDlet

In this chapter we'll kill two birds with one stone. Not only will we create a solution to manage
Displayable objects, well also learn how to perform simple animation. Figure 10-1 shows a
glimpse of the animated clock that welll create.

Figure 10-1. Animation of a clock

To tiethis example in with the intent of this chapter, in addition to the Canvas that displays the
animation, there will betwo Displayables, each to facilitate configuration of the clock (viz,
starting, stopping and adjusting the speed at which the arm of the clock spins). Thiswill give a nesting
of several Displayables to help illustrate when/why you may opt to use to the Disp layManager
(or write something similar of your own).

Figure 102 shows aList that is displayed when selecting "Config" from the main animation (Figure
10-1). From this point you can either return to the animation ("Back™), start or stop the animation or
choose to set the deep interval of the Thread running the animation.

Figure 10-2. Configuration options (using a List)
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ITlll“
mer options

Choosing the first option will bring up the Form shown on the left screen shot in Figure 10-3. The
Form contains a Gauge to adjust the speed of the animation. In actuality, it sets the amount of time

the animation thread sleeps between repaints of the display. The higher the value on the Gauge, the
longer the delay.

Figure 10-3. Setting the sleep interval using a Form and Gauge

On theright of Figure 10-3 are three options:

e Back: return to the gauge.
e Save: save current setting of gauge and return to timer options (Figure 10-2).
e Home: return to the animation (Figure 10-1).

Application Design
The 20,000 foot view of the animation MIDlet is shown in Figure 10-4.

Figure 10-4. Animation MIDlet design
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(extends MIDlet)

'

cvTimer fmSleep
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IsOptions
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Gauge

-Sleep Interval
-Start |
-3top

DisplayManager Class
»—> pushDisplayable()
o— popDisplayable()
[@—= homel)

AnimatedTimer isthe main MIDlet class. Asyou'll see, this class does little more than initialize the
other components and manage the interface with the application manager.

cvTimer correlatesto the screen shot in Figure 10-1. From here you can exit the MIDlet or choose to
view the list component 1sOptions to configure the animation. When moving to IsOptions,
notice the reference to pushDisplayable(). Thisisour first meeting with the Display-Manager
class. Thiscall trandates to pushing areference to the current Displayable (cvTimer) onto a stack.

From IsOptions, you can move back to cvTimer or display the form fmSleep to configure the

sleep interval of the animation Thread. When moving to fmSleep, once again, we push the current
Displayable onto astack.

Although we are getting alittle ahead of ourselves asfar as how the DisplayManager works
internally, it deserves alook at how the DisplayManager 'sinterna stack may look at this point
(see Figure 10-5).

Figure 10-5. DisplayManager stack

pushDisplayable()

N

IsOptions

Batlom —e cvTimer

Now we can unwind our forward progress. From fmSleep you can return to IsOptions or head
directly to cvTimer. If you choose the former, simply pop the topmost displayable off the stack,
popDisplayable(). An additional cal to this same method will return youto cvTimer.
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From fmSleep thereis a shortcut to return directly to cvT imer. Calling the method home () pops
al Displayable objects off the stack. The"main" Displayable, defined when creating the
DisplayManager, isthen shown on the display.

Display Manager API

With the application design fresh in your mind, and a picture of how to move between components,
thisisagood time to familiarize ourselves with the Disp layManager class.

As previously mentioned, the DisplayManager isimplemented asa stack (java.uti I .Stack).
This class has only three methods, and an equally small code size, weighing in at less than 70 lines.

Table 10.1. Display Manager Methods

\ Method \ Description

\Constructor \

DisplayManager (Display display, Displayable Create a new display manager
mainDisplayable)

Methods

void pushDisplayable(Displayable Push a Displayable object on to the stack
newDisplayable)

void popDisplayable() Pop a Displayable object off the stack

void home() Pop all Displayable objects and return to the

"main" Displayable object

Example 10.1 DisplayManager.java

* Use a stack to push and pop displayable objects

* public void pushDisplayable(Displayable)

* public void popDisplayable()

* public void home()

A e, —_———— */
import javax.microedition.lcdui.*;

import java.util._*;

public class DisplayManager extends Stack

{
private Display display; // Reference to Display object
private Displayable mainDisplayable; // Main displayable for MIDlet
private Alert alStackError; // Alert for error conditions

)

public DisplayManager(Display display,
Displayable mainDisplayable)

// Only one display object per midlet, this is it
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this.display = display;
this.mainDisplayable = mainDisplayable;

// Create an alert displayed when an error occurs
alStackeError = new Alert("'Displayable Stack Error'™);
alStackError.setTimeout(Alert.FOREVER); // Modal

* Push the current displayable onto stack and set
* the passed in displayable as active

public void pushDisplayable(Displayable newDisplayable)

{
push(display.getCurrent());
display.setCurrent(newDisplayable);

}

public void home()

while (elementCount > 1)

pPopQ);
display.setCurrent(mainDisplayable);

public void popDisplayable()

// 1f the stack is not empty, pop next displayable
if (empty() == false)
display.setCurrent((Displayable) pop());
else
// On error show an alert
// Once acknowldeged, set "mainDisplayable® as active
display.setCurrent(alStackError, mainDisplayable);

}
}

The constructor keeps areferenceto aDisplay object (of which thereisonly one per MIDlet) and
theDisplayable (Canvas, Form, TextBox, €tc.) that is considered the main user interface. An
Allert component isalso initialized and will be used to present adialog box if an error occurs. The
following code setsa Form asthe main Displayable when creating the DisplayManager.

Form fmMain = new Form('Form Stuff');
Display display = Display.getDisplay(this);

// Create a display manager object
DisplayManager displayMgr = new DisplayManager(display, fmMain);
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To create the trail of components as we move from one Displayable to another, we call
pushDisplayable() . Refer back to Figure 10-4. Notice the call to this method when moving
fromcvTimer to IsOptions.

// Push current displayable and show the options list
pushDisplayable(IsOptions);

Thecurrent Displayable (cvTimer) will be placed onto the stack and the Displayabl e passed
in (IsOptions) will be shown on the display.

* Push the current displayable onto stack and set
* the passed in displayable as active

public void pushDisplayable(Displayable newDisplayable)

{
push(display.getCurrent());
display.setCurrent(newDisplayable);

}

Assuming there is sufficient memory, you can push as many objects as you like onto the stack.

To reverse the process and display each component on the stack, one by one, call
popDisplayable().

public void popDisplayable()

// If the stack is not empty, pop next displayable
it (empty() == false)
display.setCurrent((Displayable) pop());
else
// On error show an alert
// Once acknowldeged, set "mainDisplayable® as active
display.setCurrent(alStackError, mainDisplayable);

}

Once we satisfy the check that the stack is not empty, the topmost element is popped off the stack and
set asthe current Displayable.

There is one last method available— home (). In the animation MIDlet we call this method from the
form fmSleep when a user requests to move directly back to cvTimer, bypassing IsOptions (see
Figure 10-3). This method empties the stack and displays the "main” Displayable object (as
defined when creating the display manager class).

public void home()
{

while (elementCount > 1)

PopQ);
display.setCurrent(mainDisplayable);
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Animating a Series of Images

A common approach to creating animation is to display a sequence of images, one after another.
Showing each image for only afraction of a second makes the images appear animated.

There are two options for storing the images, the first of which isto save each as a separate resource
(see Figure 10-6).

Figure 10-6. Individual images making up animation

L E- Bl =

The second option isto tie al the images together into one (see Figure 10-7).

Figure 10-7. Images of an animation stored as one image

Whether multiple images are stored across or up and down is of no significance. What isrelevant is
the extrawork that we've created for ourselves. We've now got to determine the offset of each image
in the sequence. The upside is that the extra effort pays off in that we only need to read, store and
manage one resource. Thiswill more than likely also be a boon to performance.

If you look to Figure 10-8 you'll see a conceptual view of our animated clock. The light gray box
represents the display. The smaller box in the middleis a clipped region of the display.

Figure 10-8. Viewport (clipping region) at the center of the display
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viewport_x
viewport_y Center of
display
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at viewport_x, viewport_y

TERE

To create the effect of the clock moving, well tranglate the coordinate system so theimageis, in
essence, dlid (right to left) over the clipped region. After each trandlation, we repaint the display. Once
the end of the sequence is reached, it will start again with the first image.

For the following discussion, viewport_x and viewport_y represent the x and y coordinates of
the clipping region, which will be centered on the display. The height and width of the clipping region
are equal to the height and width of one image in the series.

Figures 10-9 and 10-10 may help to visualize how the origin of the graphics context istranslated. For
thefirst image, 0,0 will be translated to the same coordinates as the clipping region— viewport_x,
viewport y.

Figure 10-9. For the first image, translate 0,0 to viewport_x, viewport_y

Translate coordinate system
so first image is visible at
viewport_x, viewpor_y

viewport_x
viewport_y

/’ T

MNew argin (0,0) is !
translated to here

Figure 10-10. For each successive image, translate 0,0 to the left
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For each successive image in the series, the origin will be trandated to the left, in effect moving the
next image in the sequence over the clipping region. Remember, paint() only displayswhat is
viewable in the clipping region (see Figure 10-10).

Upon reaching the last image, the trandation coordinates are reset to match viewport_x and
viewport_y and the cycle is repeated.

One last note: The Canvas that displays the animation will implement the Thread class. Thisthread
will be responsible for calling repaint() at regular intervalsto display the images.

In Chapter 13 we will revisit animation using the Timer and TimerTask classes that areincluded in
the MIDP.

Source Code

Example 10.2 AnimatedTimer.java

* Main midlet.

* Shows canvas with an animated timer. Includes
* configuration options to start/stop the timer
* and to adjust the sleep interval of the thread

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

public class AnimatedTimer extends MIDlet

{
private Display display; // The display
protected TimerCanvas cvTimer; // Canvas to display timer
protected OptionsList IsOptions; // List to change timer options
protected SleepForm fmSleep; // Form w/gauge to set timer
sleep

protected DisplayManager displayMgr; // Class to manage screens

public AnimatedTimer()
{
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display = Display.getDisplay(this);

cvTimer = new TimerCanvas(this);

IsOptions = new OptionsList(*Timer options",
List.IMPLICIT, this);

fmSleep = new SleepForm("'Adjust sleep', this);

// Create a display manager object
displayMgr = new DisplayManager(display, cvTimer);
}

protected void startApp()
{

// Start with the canvas
display.setCurrent(cvTimer);

protected void pauseApp()
{}

protected void destroyApp( boolean unconditional )

{3}

public void exitMIiDlet()

{
destroyApp(true);

notifyDestroyed();

}
}

Example 10.3 TimerCanvas.java

* Class TimerCanvas

*

* Animate a sequence of images to simulate
* a moving timer

import javax.microedition.lcdui.*;

public class TimerCanvas extends Canvas
implements Runnable, CommandListener

{
private AnimatedTimer midlet; // Main midlet
private Command cmEXit; // Exit midlet
private Command cmOptions; // Display options list
private Image im = null; // Sequence of iImages
private int imageCount = 4; // Four images in the sequence
private int imageWidth; // Width of one image in sequence
private int imageHeight; // Height of one image In sequence
private int imagelndex; // Current image in the sequence
private int translate_x; // Translated x and y
private int translate_y;
private int viewport Xx; // Location of the viewport
private int viewport y;
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private boolean active = false; // Timer active?
private boolean requestedToStop = false; // Request to stop timer
private int sleepTime = 400; // Current sleep time (milliseconds)

public TimerCanvas(AnimatedTimer midlet)

{

// Call canvas constructor
super();

// Save reference to MIDlet so we can
// access the display manager class
this.midlet = midlet;

// Create commands & listen for events

cmExit = new Command("Exit", Command.EXIT, 1);
cmOptions = new Command(*'Config", Command.SCREEN, 2);
addCommand(cmExit);

addCommand(cmOptions);

setCommandListener(this);

protected void showNotify()

if (im == null)
{
try
{
// Read the png from a file and get width and
// height of one image in the sequence
im = Image.createlmage("'/timer.png");
imageHeight = im.getHeight();
imageWidth = im.getWidth() / imageCount;

// Get the coordinates for x/y of viewport

// Viewport is centered on the display

viewport_x = (getWidth() /7 2 ) - (imageWidth / 2);
viewport y = (getHeight() /7 2 ) - (imageHeight / 2);

// Set first translated coordinate to match viewport
translate_x = viewport_x;

translate_y = viewport_y;
catch (Exception e)

{
}

// Begin with the Ffirst image in the sequence
imagelndex = 0;
}

// 1f the user has not requested to stop the timer...
if (IrequestedToStop)
active = true;

System.err._printIn(*"Unable to read png file.™);
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new Thread(this).start();

}
e
* Application manager is no longer displaying canvas
K e o o  — — ————————,——,_————— */
protected void hideNotify()

{

active = false;

}

)
* Draw next timer in sequence

K */
protected void paint(Graphics g)

{

it (im I= null)

{

// Viewport at center of display
g.-setClip(viewport_x, viewport y, imageWidth, imageHeight);
// Draw image at translated coordinates
g-drawlmage(im, translate_x, translate_y,
Graphics.TOP | Graphics.LEFT);
}
}
o
* Loop forever, translating image coordinates
K o e, —_————— */
public void run()
{
try
while (active)
{
Thread.sleep(sleepTime);
repaint();
// Reached the last image in sequence
if (imagelndex == imageCount - 1)
// Reset translated coordinates
translate_x = viewport_x;
translate_y = viewport_ y;
}
else
// Translate coordinate system to the left
translate_x -= imageWidth;
// Which image in the sequence is next
imagelndex = (imagelndex + 1) % imageCount;
}
catch (InterruptedException e)
{
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public void startTimer()
{
requestedToStop = false;
active = true;
repaint();

public void stopTimer()

{
requestedToStop = true;
active = false;
repaint();

}

public void setSleep(int sleepTime)

{

this.sleepTime = sleepTime;

}

public int getSleep()
{

return sleepTime;

}

public void commandAction(Command c, Displayable s)

{
if (c == cmOptions)

// Push current displayable and show the options list
midlet.displayMgr._pushDisplayable(midlet. 1sOptions);

else if (c == cmExit)
{
midlet.exitMiDlet();
}
}
}
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Example 10.4 OptionsList.java

* Class OptionsList

*

* List to provide options for configuring of timer
import javax.microedition.lcdui.*;

class OptionsList extends List implements CommandListener
{

private AnimatedTimer midlet; // Main midlet

private Command cmBack;

public OptionsList(String title, int listType, AnimatedTimer midlet)
{

// Call list constructor

super(title, listType);

// Save reference to MIDIet so we can
// access the display manager class
this.midlet = midlet;

// Create the list entries
append(*'Sleep interval™, null);
append(*'Start”, null);
append(*'Stop**, null);

// Create command and listen for events
cmBack = new Command(*'Back', Command.BACK, 1);
addCommand(cmBack) ;

setCommandListener(this);

public void commandAction(Command c, Displayable s)
{

// Event generated by the implicit list

if (c == List.SELECT_COMMAND)

{
switch (getSelectedIindex())

{
case O:
// Push current displayable and show the form
// to adjust the timer sleep
midlet.displayMgr.pushDisplayable(midlet.fmSleep);
break;

case 1:
// Start timer and return to previous displayable
midlet.cvTimer.startTimer();
midlet.displayMgr.popDisplayable();
break;
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case 2:
// Stop timer and return to previous displayable
midlet.cvTimer.stopTimer();
midlet.displayMgr.popDisplayable();
break;

}

else if (c == cmBack)

{

// Return to previous displayable
midlet.displayMgr.popDisplayable();
}
}
}

Example 10.5 SleepForm.java

* Class SleepForm

*

* Form with gauge to adjust sleep interval of timer
import javax.microedition.lcdui.*;

public class SleepForm extends Form implements CommandListener

{
private AnimatedTimer midlet; // Main midlet
private Command cmBack, // Back to options list
cmHome, // Go to main displayable (canvas)
cmSave; // Save new sleep time
private Gauge gaSleep; // Gauge to adjust sleep

public SleepForm(String title, AnimatedTimer midlet)

// Call the form constructor
super(title);
// Save reference to MIDlet so we can
// access the display manager class
this.midlet = midlet;

// Commands

cmSave = new Command(*'Save', Command.SCREEN, 1);
cmBack = new Command(*‘Back', Command.BACK, 2);
cmHome = new Command(*'Home', Command.SCREEN, 2);

// Gauge to adjust the length of timer sleep
gaSleep = new Gauge( Timer Sleep’, true, 100, 1000);

// Set to current sleep. Gauge holds values 0 to 100,
// divide the current sleep (milliseconds) by 10
gaSleep.setValue(midlet.cvTimer.getSleep() /7 10);

// Add to form and listen for events
append(gaSleep);

addCommand(cmSave) ;
addCommand(cmBack) ;
addCommand(cmHome) ;
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setCommandListener(this);

}
Y
* Command event handling
K e o o  — — ————————,——,_————— */
public void commandAction(Command c, Displayable s)
if (c == cmSave)
{

// Gauge returns a value between 0 and 100
// We want milliseconds, so multiply by 10
midlet.cvTimer.setSleep(gaSleep.getValue() * 10);

// Return to main midlet
midlet.displayMgr.home();

}
else if (c == cmBack)
{
// Pop the last displayable off the stack
midlet.displayMgr.popDisplayable();

else if (c == cmHome)

// Return to main midlet
midlet.displayMgr_home();

}
}
}

Example 10.6 DisplayManager.java

*
* public void pushDisplayable(Displayable)
* public void popDisplayable()

* public void home(Q)

*

_________________________________________________ */
import javax.microedition.lcdui.*;
import java.util.*;
public class DisplayManager extends Stack
{
private Display display; // Reference to Display object

private Displayable mainDisplayable; // Main displayable for MIDlet
private Alert alStacktError; // Alert for error conditions

public DisplayManager(Display display, Displayable mainDisplayable)
// Only one display object per midlet, this is it

this.display = display;
this.mainDisplayable = mainDisplayable;
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// Create an alert displayed when an error occurs
alStackeError = new Alert("'Displayable Stack Error'™);
alStackError._setTimeout(Alert_FOREVER); // Modal

* Push the current displayable onto stack and set
* the passed in displayable as active

public void pushDisplayable(Displayable newDisplayable)
{
push(display.getCurrent());
display.setCurrent(newDisplayable);

}

public void home()
{

while (elementCount > 1)
pop();
display.setCurrent(mainDisplayable);

public void popDisplayable()

// 1f the stack is not empty, pop next displayable
if (empty() == false)
display.setCurrent((Displayable) pop());
else
// On error show an alert
// Once acknowldeged, set "mainDisplayable® as active
display.setCurrent(alStackError, mainDisplayable);

}
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Chapter 11. RECORD MANAGEMENT SYSTEM (RMS)

Topicsin this Chapter

Persistent Storage Through the Record Store
Navigating with RecordEnumeration

Sorting with RecordComparator

Searching with RecordFilter

Notification of Changes with RecordListener
Exception Handling

We can cover alot of miles with the concepts we've covered upto this point. However, we are missing
asignificant capability that will eventually catch up with us. In fact, it is so ingrained into our daily
computing we often take this concept for granted. | am referring to storing and retrieving of data.
Whether the information is as simple as application preferences or as comprehensive as a product
catalog, we need away to manage application-related data.

In desktop computing the options are obvious, CD-ROM, local drive, network drive, and so forth. It
becomes a little more challenging with mobile devices. There are size and performance concerns, not
to mention the differences between manufacturers as far as support (or lack of) for file systems and
networking.

The Record Management System (RMS) is a persistent storage environment within the MIDP. This
chapter describes how you can read, write, sort and search data withinaRMS.

Persistent Storage Through the Record Store

Asan alternative to using afile system, the RMS uses non-volatile memory to store information. This
record-oriented database, often referred to as aflat-file, can be thought of as a series of rowsin atable,
with aunique identifier for each row (see Table 11.1).

Table 11.1. Record Store

\ Record ID \ Data
1 Array of bytes
2 Array of bytes
3 Array of bytes

Each record consists of arecord id, an integer value that plays the role of primary key for the database
and an array of bytes for storing the record data. A collection of recordsis known as arecord store.

A MIDlet can have any number of record stores (including none), where each is uniquely identified by
its name. This idea needs to be carried one step further—if aMIDlet is part of MIDlet suite, record
store names must also be unique within the suite.
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Naming Record Stores

Each record store name can consist of up to 32 Unicode (16-bit) characters. Names are case
sensitive. Names must be unique within aMIDlet suite.

MIDlets that are packaged within a suite can access not only the record stores they create, but aso
those of other MIDletsin the suite. Figure 11-1 illustrates this concept.

Figure 11-1. MIDlet access to record stores. The solid lines indicate access to record

stores the MIDlet has created. Dashed lines represent access to record stores created
by a different MIDlet within the same suite.

MIDLET SuUIiTE ONE

MIDIet #1
Record Store

“ABC”

R '." Record Store
R ¥ | “DEF"

MIDlet #2 | 2.7 Record Store

“GHI”

h

4| Record Swore
“TRL

MIDLET SUITE Two

/ Record Store
- “ABCY

MIDlet #1

MIDlet#2 | . Record Store
“DEF"
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Within "MIDlet Suite One," MIDIet #1 and MIDlet #2 can access all four record stores available as
part of the suite. The same appliesto "Suite Two." However, MIDletsin Suite One cannot access the
record stores of Suite Two.

Record store names within a suite must be unique. That is, Suite One must have all unique record
store names. However, record store names in one suite may be duplicated in another. For example,
Suite One and Suite Two both have record stores with the name"ABC" and "DEF."

There are two values maintained by arecord store that may be helpful for tracking database usage.
Each is updated when arecord is added, deleted or changed:

1. Version number isan integer value. Unfortunately, the starting value when creating a new
record is not defined by the API. If you need to track version numbers, you can query the
record store immediately after creation using getVersion() to determine the starting value.

2. Date and time stamp isalong integer that represents the number of milliseconds since
midnight January 1%, 1970. Y ou can query this value by calling getLastModiFfied().

Whenever arequest is made to modify the record store, it is done in one fell swoop. That is, once a
change is underway it is guaranteed to be completed before another begins. If arequest(s) is made to
update the record store while an operation isin progress, it will be queued, waiting for the current
operation to finish.

Removing Record Stores

If aMIDlet suite is removed from adevice, al record stores will be deleted as well.

Record Store API

This classisthe heart of the RMS. Through this class we create, update, query and delete record stores
(see Table 11.2).

Table 11.2. RecordStore Class: javax.microedition.rms.RecordStore

\ Method \ Description
Constructors

No constructor. See openRecordStore()

M ethods

static RecordStore openRecor dStor e(String Open record store. Optionally, create
recordStoreName, boolean createlfNecessary) the storeif it does not already exist.
void closeRecordStor &) Close record store.

static void deleteRecor dStor e(String recordStoreName) Delete record store.

static String]] listRecor dStor es() List record storesin MIDlet suite.

int addRecord(byte]] data, int offset, int numBytes) Add arecord.

void setRecor d(int recordld, byte[] newData, int offset, int  |Set (replace) datain a

numBytes) record.

void deleteRecord(int recordld) Delete arecord.

byte[] getRecor d(int recordid) Get byte array containing record data.
int getRecor d(int recordid, byte]] buffer, int offset) Get contents of record into byte array
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parameter copying data from specified
offset.

\int getRecor dSize(int recordld) |Size in bytes of arecord.

int getNextRecordI D() The number of the next record when
adding a new record to the store.

\i nt getNumRecor ds() |Number of records in the record store.

\Iong getLastM odified() |Last modified date of the record store.

int getVersion() Record store version number.

String getName() Name of the record store.

int getSize() Total bytes occupied by record store.

int getSizeAvailable() Current space (bytes) available for
records. Thiswill change asrecords are
added/del eted.

RecordEnumeration enumer ateRecor ds( RecordFilter filter, |Build an enumeration for traversing

RecordComparator comparator, boolean keepU pdated) records in the record store.

void addRecordL istener (RecordListener listener) Add alistener to detect record store
changes.

\void removeRecor dL istener (RecordListener listener) 'Remove listener.

Example: Read and Write Records

Now that we understand the basics of RMS, let's walk through two examples. Each will create a
record store, write several records, read back those same records and del ete the record store. The
difference lies with how the data is manipulated before and after writing. More on that in aminute.

We have two methods to write data into a record store:

public int addRecord (byte[] data, int offset, int numBytes)

public void setRecord (int recordld, byte[] newData,
int offset, iInt numBytes)

Regardless of which we choose, each accepts an array of bytes as the input. What will vary for our
two examples is how we manage the array of data, for both reading and writing records.

In our first example (Example 11.1), we will write String objects into the record store.
Figure 112 shows the contents of the two records that were read from the record store.

Figure 11-2. Reading and writing String objects

VWINNT Y System32h cmd.exe
: J2ZME and HMIDP

completed successfully
hytecodes executed
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I've gone ahead and written several convenience methods for managing the record store. These include
opening, closing and deleting. Each method

Example 11.1 ReadWrite.java

import java.io.™;
import javax.microedition.midlet.*;
import javax.microedition.rms.*;

public class ReadWrite extends MIDlet

{

private RecordStore rs = null;
static final String REC_STORE = *"db_1";

public ReadWrite()
{

openRecStore(); // Create the record store

// Write a few records and read them back
writeRecord(""J2ME and MIDP™);
writeRecord("Wireless Technology"');
readRecords();

closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

public void destroyApp( boolean unconditional )

{
}

public void startApp()

// There is no user interface, go ahead and shutdown
destroyApp(false);
notifyDestroyed();

}

public void pauseApp()
{

public void openRecStore()

{
try

// Create record store if it does not exist
rs = RecordStore.openRecordStore(REC_STORE, true );

catch (Exception e)
{
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db(e.toString());

}
}

public void closeRecStore()

{
try

{

rs.closeRecordStore();
catch (Exception e)

db(e.toString());

}
}

public void deleteRecStore()

{
if (RecordStore.listRecordStores() != null)

{
try

RecordStore.deleteRecordStore(REC_STORE);
}

catch (Exception e)

db(e.toString());

}
}

public void writeRecord(String str)

{
byte[] rec = str.getBytes();

try
rs.addRecord(rec, 0, rec.length);

}

catch (Exception e)

db(e.toString());

}
}

public void readRecords()

{
try

{
byte[] recData = new byte[50];
int len;

for (int i = 1; 1 <= rs.getNumRecords(); i++)

{
len = rs.getRecord( i, recData, 0 );
System.out.printIn(*'Record #" + i1 + ": " +
new String(recData, 0, len));
System.out.printhn('-----———————--—————— - ™)



}

}
catch (Exception e)

db(e.toString());

}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

A e e e e e e e */
private void db(String str)
{
System.err.printIn(""Msg: " + str);
}

}

is self-explanatory. Here is the method to open arecord store, which will create the storeiif it does not
already exist:

public void openRecStore()

{
try

// The second parameter indicates that the record store
// should be created if it does not exist
rs = RecordStore.openRecordStore(REC_STORE, true );

}
catch (Exception e)

db(e.toString());

}
}

| have taken a shortcut in handling exceptions. Notice that | trap all exceptions with one catch. This
obvioudly skirts around the issue of dealing with error conditions. However, later in this chapter (in
the Section "Catching Exceptions ") we introduce all the RM S exceptions and show how to
appropriately manage these errors.

Let's focus on the code to write and read records. Inside wr i teRecord() we need to convert the
String object passed in to an array of bytes. We can now pass this array as a parameter to
addRecord().

byte[] rec = str.getBytes();

;é:addRecord(rec, 0, rec.length);

Reading from the record store is not a great deal different. Inside readRecords() we set up an array
of bytesto hold the record data and call getRecord().

byte[] recData = new byte[50];
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len = rs.getRecord( i, recbata, 0 );

Worth mentioning is the size of array that will hold the record data—I simply alocated an array that |
knew was large enough. It may not always be as simple as this. If you did not write the records
yourself, you may not be privy to the contents (length) of each record. With a minor tweak we can
make this code a little more robust. Let's check the length of the datain the record before we actually
read it from the store. Thiswill give us an opportunity to resize the destination array. Change the for
loop inside read-Records() to the following:

for (int i = 1; i <= rs.getNumRecords(); i++)
{
iT (rs.getRecordSize(i) > recData.length)
recData = new byte[rs.getRecordSize(i)];

len = rs.getRecord(i, recData, 0);
System.out.printIn("'Record #" + 1 + +

new String(recData, 0, len));
System.out._printIln(""----——-— - - - ");

}

Example: Read and Write Records with Streams

If you plan to read and write only text to the record store, at this point you've got al you need. It may
not be the most efficient or fastest way to manage data, but it does work. Thereis amuch preferred
means to read and write data, which leads us to our next example.

The code in Example 11.2 issimilar to the previous examplein that it writes and reads a few records
to the record store. However, there are two main differences. First, we'll write more than straight text.
Specificaly, we will store Java datatypesincluding aString, int, and aboolean. Second, well
use Java streams for both reading and writing. Not only will we have additional flexibility for writing
any type of data, we also increase the efficiency with which datais written to and read from the record
store.

Example 11.2 ReadWriteStreams.java

*

*

* Use streams to read and write Java data types
* to the record store.
*
*
*

_________________________________________________ */
import java.io.*;
import javax.microedition.midlet.*;
import javax.microedition.rms.*;
public class ReadWriteStreams extends MIDlet
{
private RecordStore rs = null; // Record store

static final String REC_STORE = *"db_1"; // Name of record store

public ReadWriteStreams()
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openRecStore(); // Create the record store

writeTestData(); // Write a series of records
readStream(); // Read back the records

closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

}

public void destroyApp( boolean unconditional )

{
}

public void startApp()
{

// There is no user interface, go ahead and shutdown
destroyApp(false);
notifyDestroyed();

}

public void pauseApp()

{
}

public void openRecStore()

//See Example 11-1

}
public void closeRecStore()
{
//See Example 11-1
}

public void deleteRecStore()

//See Example 11-1

}
)
* Create three arrays to write to record store
K e e, ——_———— */
public void writeTestData()
{
String[] strings = {"Text 1", "Text 2"};
boolean[] booleans = {false, true};
int[] integers = {1 , 2};
writeStream(strings, booleans, integers);
}
)
* Write to record store using streams.
K */

public void writeStream(String[] sData, boolean[] bData,
int[] iData)
{
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try

// Write data into an internal byte array
ByteArrayOutputStream strmBytes =
new ByteArrayOutputStream();

// Write Java data types into the above byte array
DataOutputStream strmDataType =
new DataOutputStream(strmBytes);
byte[] record;

for (int i = 0; 1 < sData.length; i++)
{
// Write Java data types
strmDataType.writeUTF(sData[i]);
strmDataType.writeBoolean(bData[i]);
strmDataType.writelnt(iData[i]);

// Clear any buffered data
strmDataType.flush();

// Get stream data into byte array and write record
record = strmBytes.toByteArray();
rs.addRecord(record, 0, record.length);

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
strmBytes.reset();

strmBytes.close();
strmDataType.close();

catch (Exception e)

db(e.toString());

public void readStream()
{
try
{
// Careful: Make sure this is big enough!
// Better yet, test and reallocate if necessary
byte[] recData = new byte[50];
// Read from the specified byte array
ByteArraylnputStream strmBytes =
new ByteArraylnputStream(recData);

// Read Java data types from the above byte array

DatalnputStream strmDataType =
new DatalnputStream(strmBytes);
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for (int i = 1; i <= rs.getNumRecords(); i++)
{
// Get data into the byte array
rs.getRecord(i, recData, 0);

// Read back the data types
System.out.printIn(*'Record #" + 1);
System.out._printIn(""'UTF: " + strmDataType.readUTF());
System.out.printIn(‘'Boolean: " +
strmDataType.readBoolean());
System.out.printIn(Int: " + strmDataType.readlnt());
System.out._printIn("-----——————————————- ");

// Reset so read starts at beginning of array
strmBytes.reset();
}
strmBytes.close();
strmDataType.close();
}

catch (Exception e)

db(e.toString());

}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

A e, —_———— */
private void db(String str)
{
System.err._printIn("'Msg: " + str);
}
}

Before we see the output of this MIDlet, let's ook over the code for writing to the record store. First,
we create and populate several arrays for the data we want to write:

public void writeTestData()

{
String[] strings = {"Text 1", "Text 2"};
boolean[] booleans = {false, true};
int[] integers = {1 , 2};

writeStream(strings, booleans, integers);

}

Once we have all the data prepared, we call writeStream() to do the actual work of writing to the
record store.

// Write data into an internal byte array
ByteArrayOutputStream strmBytes = new ByteArrayOutputStream();
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// Write Java data types into the above byte array
DataOutputStream strmDataType = new DataOutputStream(strmBytes);

byte[] record;

for (int i = 0; i < sData.length; i++)
{
// Write Java data types
strmDataType.writeUTF(sData[i]);
strmDataType.writeBoolean(bData[i]);
strmDataType.writelnt(iData[i]);

// Clear any buffered data
strmDataType.flush();

// Get stream data into byte array and write record
record = strmBytes.toByteArray();
rs.addRecord(record, 0, record.length);

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
strmBytes.reset();

}

We've created two streams. strmBytes isan array that is managed internally by Java. Thisis our
byte array that will hold that the data well eventually write to the record store.

To this stream we have added afilter: strmDataType. This classincludes methods for writing Java
primitive data types. The end result is that, the internal byte array will consist of portable binary data.
Thus, when we reverse the process and read the data back, we are assured to get the same information,
in the same format. That is, if we write an integer into the byte array, regardless of how the system
running the JVM represents an integer (16 bits, 32 bits, etc.), we are guaranteed to get the expected
results.

Once the streams are in place we call the appropriate methods based on the type of data we choose to
write. Next, we flush the stream, which writes any buffered data to the stream. We're nearly there. All
we have to do at this point is get the data from the stream into a byte array and add the record.

There isone small, yet very important detail that we must take care of before we can write another
record. We need to clear the internal array that is being managed by our byte stream, strmBytes.

strmBytes.reset();
If we overlook this, the next write operation:
strmDataType.-writeUTF("'Text 2');

will append to the current byte array. The next record would contain all the data we've accumulated up
to this point.

Reading the data back from the record store is almost as simple as changing our output streamsto
input streams. Almost.
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byte[] recData = new byte[50];

// Read from the specified byte array
ByteArraylnputStream strmBytes = new
ByteArraylnputStream(recData);

// Read Java data types from the above byte array
DatalnputStream strmDataType = new DatalnputStream(strmBytes);
for (int 1 = 1; 1 <= rs.getNumRecords(); i++)
{

// Get data into the byte array

rs.getRecord(i, recData, 0);

// Read back the data types

System.out.printIn(*'Record #" + 1);

System.out.printIn(""UTF: " + strmDataType.readUTF());
System.out.printIn(*'Boolean: " + strmDataType.readBoolean());
System.out.printIn(Int: " + strmDataType.readlnt());
System.out._printIn("----—————-——————————— ");

// Reset so read starts at beginning of array
strmBytes.reset();

}

I've allocated a byte array to hold our data, recData. If you skip down afew lines, you'll notice this
array iswhere the record store will write the contents of each record:

// Get data into the byte array
rs.getRecord(i, recData, 0);

After thiscall, recData contains exactly what we wrote to the record store a moment ago. If you
recall, that was a binary stream of data, specifically, Java primitive data types. Without alittle help we
can't usethisdataasit exists. Here's where we introduce By teArray InputStream and
DatalnputStream. Natice the declarations for each:

// Read from the specified byte array
ByteArraylnputStream strmBytes = new ByteArraylnputStream(recData);

// Read Java data types from the above byte array
DatalnputStream strmDataType = new DatalnputStream(strmBytes);

The byte array stream, strmBytes, references the array (recData) that the record store will write
datainto. The datainput stream, strmDataType, which reads Java primitive types, references the
byte stream. We now have everything in place to read back our data just asit was written.

System.out.printIn(""'UTF: " + strmDataType.readUTF());
System.out._printIn(*'Boolean: " + strmDataType.readBoolean());
System.out.printIn(Int: ™ + strmDataType.readlnt());

The output for this MIDlet is shown in Figure 11-3.

Figure 11-3. Reading and writing Java primitive data types
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S WIMNNT System32% cmd.exe

Record #1
UTF: Text 1
Boolean: true

Execution completed successfully
25596 bytecodes executed

Java Primitives

Although this seems quite obvious, when using DataOutputStream and
DatalnputStream you need to write and read in the same order and format. For

example, if you write atext string, a boolean value and an integer, you must read back a text
string, boolean value and an integer. If you aren't getting the expected results when using
these streams, ook carefully to see that you are reading and writing datain the same
sequence.

Navigating with RecordEnumeration

In the previous example we perused records in the record store using a simple loop:

for (int i = 1; i <= rs.getNumRecords(); i++)

{
rs.getRecord(i, recData, 0);

}

Thisworks fine for simple iterations. However, if you would like to sort and/or search records we
need to move up to arecord enumerator.

The RecordEnumeration (A.K.A enumerator) class provides methods for moving forward and
back through a record store. What makes the enumerator so powerful is that the iteration can take into
account the results of afilter (to search) and/or a comparator (to sort). For example, you can set up a
filter to only return records that contain a specific substring. Or, you might prefer to enumerate
through the records, sorting a phabeticaly.

Setting up an enumerator takes only afew lines. Assuming the variable rs references an existing and
open record store, here is aloop to move through all the records:

RecordEnumeration re = rs.enumerateRecords(null,null,false);
while (re.hasNextElement())

// Get the next record into a String
String str = new String(re.nextRecord());
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. do something ...

,

There are two key methods for moving through arecord store with an enumerator: nextRecord() to
move forward, previousRecord() to move back. If you need to start at the end and move toward
the front, create an enumerator and have as your first call previousRecord(), which will return the
last record. Each subsequent call will move you one element closer to the front.

An enumerator maintains in internal index of the record store. If at any point the record store changes,
it may be possible that the enumerator will no longer return the correct results. As an example, assume
that you create an enumerator to return records that are sorted. At alater point in the application, a
new record is added. This new record may upset the balance and affect what the "new" proper sort
order is. The enumerator has a method to re-index, which will take into consideration any changes that
may have occurred within the record store.

Asfar aswhen to re-index:

1. You can make calsto reindex() whenever you update, delete or add arecord. Thiswill
work fine, aslong as you are thorough and sure not to leave any holes, which may cause the
enumerator to get out of sync.

2. A record listener can be established to notify you of changes to the record store. Whenever a
change occurs, the listener will call one of three methods, depending on whether the change
was an add, delete or update. Within the method called, you can re-index the record store.
Well discuss thisin more detail in the next section.

RecordEnumeration API

Table 11.3. RecordEnumeration Interface: javax.microedition.rms.RecordEnumeration

Method | Description
No constructor. See enumerateRecords() in RecordStore class, Table 11.2
\M ethods |
lint numRecor ds() INumber of recordsin the enumeration (result set)
byte[] nextRecord() Get the next record in result set
int nextRecordld() Get ID of the next record number in result set
byte[] previousRecord() Get previous record in result set
int previousRecordid() Get ID of previous record in result set
\boolean hasNextElement() |Do&e enumeration have more records going forward?
boolean hasPr eviousElement() Does enumeration have more records going backward?
void keepUpdated(boolean Set whether enumeration will re-index as record store
keepUpdated) changes
boolean isK eptUpdated() Will enumeration re-index as record store changes?
void rebuild() Rebuild enumeration index
void reset() Reset enumeration to beginning
\void destroy() IFree all resources held by the enumeration
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Sorting with RecordComparator

RecordComparator isaJavainterface. Y ou implement this interface when you would like the
enumerator to return records in sorted order.

Hereis asimple class that implements the interface.

public class Comparator implements RecordComparator

public int compare(byte[] recl, byte[] rec2)

{
String strl = new String(recl), str2 = new String(rec2);

int result = strl.compareTo(str2);
if (result == 0)
return RecordComparator_EQUIVALENT;
else if (result < 0)
return RecordComparator.PRECEDES;
else
return RecordComparator.FOLLOWS;
}

}

Notice the return values. There are three pre-defined values that you must use (see Table 11.4). This
class becomes part of the enumeration process with the following.

// Create a new comparator for sorting
Comparator comp = new Comparator();

// Reference the comparator when creating the result set
RecordEnumeration re = rs.enumerateRecords(null,comp,false);
// lterate through the sorted results

while (re.hasNextElement())

{

String str = new String(re.nextRecord());

}

The enumerator references the compare () inside Comparator to sort the records in the record store.

Table 11.4. RecordComparator Types: javax.microedition. rms.RecordComparator
| value | Description
\EQUIVALENT|The records passed to compare () method are equivalent

FOLLOWS Based on the sort algorithm in the compare () method, the first parameter follows
the second

PRECEDES |Based on the sort algorithm in the compare () method, the first parameter precedes
the second

RecordComparator API

Table 11.5. RecordComparator Interface: javax.microedition.rms.RecordComparator
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Method Description

int compar e(byte[] recl, byte]] |Compare records to determine sort order. See Table 11.4 for return
rec2) values.

Example: Simple String Sort

Let's head back to Example 11.1 and add a comparator class (see Example 11.3) for sorting the
records in the record store.

Example 11.3 SimpleSort.java

)
SimpleSort. java

*
*
* No GUI interface, all output is to the console
*

import java.io.*;

import javax.microedition.midlet.*;
import javax.microedition.rms.*;
public class SimpleSort extends MIDlet

{

private RecordStore rs = null;
static final String REC_STORE = *"db_1";

public SimpleSort()
{

openRecStore(); // Create the record store

// Write a few records
writeRecord(*'Sand Wedge'™);
writeRecord(*'One Wood™);
writeRecord(""Putter');
writeRecord("'Five lIron™);

// Read back with enumerator, sorting the results
readRecords();

closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

}

public void destroyApp( boolean unconditional )

{
}

public void startApp()
{

// There is no user interface, go ahead and shutdown
destroyApp(false);
notifyDestroyed();

}
public void pauseApp()
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{

}
public void openRecStore()
{
// See Example 11-1
}

public void closeRecStore()

// See Example 11-1
}

public void deleteRecStore()

{
// See Example 11-1

}
public void writeRecord(String str)
{ byte[] rec = str.getBytes();

try

{

rs.addRecord(rec, 0, rec.length);
catch (Exception e)

db(e.toString());

}
}
public void readRecords()
{
try
{
if (rs.getNumRecords() > 0)
{
Comparator comp = new Comparator();
RecordEnumeration re = rs.enumerateRecords(null,
comp, false);
while (re.hasNextElement())
{

String str = new String(re.nextRecord());
System.out.printin(str);
System.out.printhn('------———————-——————— - ;s

}

}
}

catch (Exception e)

db(e.toString());



* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

K e e e e e e */
private void db(String str)
{
System.err.printIn("'Msg: " + str);
}
}
Y

| Comparator.java

| Compares two records to determine sort order
*

class Comparator implements RecordComparator

{
public int compare(byte[] recl, byte[] rec2)

{
String strl = new String(recl), str2 = new String(rec2);

int result = strl.compareTo(str2);
if (result == 0)

return RecordComparator . EQUIVALENT;
else if (result < 0)

return RecordComparator.PRECEDES;
else

return RecordComparator._.FOLLOWS;

}
}

If you step inside readRecords () you'll see the code for alocating a new Comparator and the
reference to this new object when creating aRecordEnumeration.

Comparator comp = new Comparator();

RecordEnumeration re = rs.enumerateRecords(null,
comp, false);

while (re.hasNextElement())

When the enumerator createsitsinternal index of the record store, it will use the compare () function
that we provided inside the class Comparator. Figure 11-4 shows the contents of the record store
after sorting.

Figure 11-4. Sorted records using an Enumerator with RecordComparator
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Five Iron

Execution completed successfully
L6221 hytecodes executed

It's obvious this example works just fine, so why does the enumerator re quire a separate class for
comparing records? Would it be possible for the enumerator to have a string sorting algorithm all of
itsown? Well, it could, in theory.

Inside the compare () method isareference to compareTo() which isamethod insidethe String
class.

int result = stril.compareTo(str2);

Thisis easy enough, assuming the datain arecord is alwaystext, asit was in this example. However,
if you recall Example 11.2, we wrote several Java data types into each record. The code looked
something similar to this:

// Write Java data types to stream
strmDataType.writeUTF(""Text 1');
strmDataType.writeBoolean(true);
strmDataType.writelnt(l);

Each of these calls writes to a stream, in binary format. The contents of the stream are then written to
an array, which isin turn added to arecord in the record store.

// Get stream data into an array
record = strmBytes.toByteArray();

// Write the array to a record
rs.addRecord(record, 0, record.length);

Our simple sort method will fail miserably when trying to sort this (binary) data. If we choose to sort
records that contain more than one simple data type, we need to write a compare () method that can
extract and sort the appropriate data from each record; hence, the reason the enumerator supports a
separate class for sorting.

Example: String Sort with Compound Records

More often than not, you'll store multiple "fields" of data within asingle record aswe did in Example
11.2 (storing aString, boolean and int). When arecord has multiple data types stored within it
(what I'll refer to as a compound record), there may be more than one field that would be appropriate
for sorting. Reasonabl e sorting choices for Example 11.2 could be either the text or the integer. It all
depends on the needs of the application.
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The next two examples will implement the RecordComparator interface and each will sort arecord
that contains multiple Java data types. The examples will use the same set of data; however, one will
sort based on aString, and one will sort based on an int. To be consistent with Example 11.2, each
record will consist of aString, boolean and int. Here are the arrays that will make up each
record:

String[] pets = {"'duke"™, "tiger', "spike'", "beauregard"};
boolean[] dog {true, false, true, true};
int[] rank = {3, 0, 1, 2};

Once written to the record store, the contents of the records will look something like:

Record #1
"duke"™ true 3

Record #2
"tiger” false O
Record #3
“spike” true 1

Record #4
“"beauregard"” true 2

Can you see the sorting problem we've created for ourselves? Because the data no longer contains
pure text, asimple String.compareTo() on the contents of an entire record is not sufficient to sort
the data.

We need to extract from each record the "field" that we wish to use as the sort criteria. Example 11.4
will extract and sort based on the String at the beginning of each record. Example 11.5 will extract
and sort based on the int at the end of each record.

Example 11.4 StringSor t.java

*

StringSort. java

Sort records that contain multiple Java
data types. Sort using String type.

Uses: Streams, Enumeration, RecordComparator

% b X o X kX N\

No GUI interface, all output is to the console

import java.io.*;
import javax.microedition.midlet.*;
import javax.microedition.rms.*;

public class StringSort extends MiIDlet
{

private RecordStore rs = null; // Record store
static final String REC_STORE = *"db_3"; // Name of record store

public StringSort()
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openRecStore(); // Create the record store

writeTestData(); // Write a series of records
readStream(); // Read back the records
closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

}

public void destroyApp( boolean unconditional )

{
}

public void startApp()

// There is no user interface, go ahead and shutdown
destroyApp(false);

notifyDestroyed();

}
public void pauseApp(Q)
{
}
public void openRecStore()
{

// See Example 11-1
}
public void closeRecStore()
{

// See Example 11-1
}
public void deleteRecStore()
{

// See Example 11-1
}
Y £
* Create three arrays to write to record store
K */
public void writeTestData()
{

String[] pets = {"'duke"™, "tiger', "spike'", "beauregard"};
boolean[] dog = {true, false, true, true};

int[] rank = {3, 0, 1, 2};

writeStream(pets, dog, rank);

public void writeStream(String[] sData, boolean[] bData,
int[] iData)
{

try
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{

// Write data into an internal byte array
ByteArrayOutputStream strmBytes =
new ByteArrayOutputStream();

// Write Java data types into the above byte array
DataOutputStream strmDataType =
new DataOutputStream(strmBytes);

byte[] record;

for (int i = 0; 1 < sData.length; i++)
{
// Write Java data types
strmDataType.writeUTF(sData[i]);
strmDataType.writeBoolean(bData[i]);
strmDataType.writelnt(iData[i]);

// Clear any buffered data
strmDataType.flush(Q);

// Get stream data into byte array and write record
record = strmBytes.toByteArray();
rs.addRecord(record, 0, record.length);

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
strmBytes.reset();

}

strmBytes.close();
strmDataType.close();

catch (Exception e)

db(e.toString());

public void readStream()

{
try

// Careful: Make sure this is big enough!
// Better yet, test and reallocate if necessary
byte[] recData = new byte[50];

// Read from the specified byte array
ByteArraylnputStream strmBytes =
new ByteArraylnputStream(recData);

// Read Java data types from the above byte array

DatalnputStream strmDataType =
new DatalnputStream(strmBytes);
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if (rs.getNumRecords() > 0)
{

ComparatorString comp = new ComparatorString();

int i = 1;

RecordEnumeration re = rs.enumerateRecords(null,
comp, false);

while (re.hasNextElement())

{
// Get data into the byte array
rs.getRecord(re.nextRecordld(), recData, 0);
// Read back the data types
System.out.printIn(*'Record #" + i++);
System.out.printIn("'Name: " + strmDataType.readUTF());
System.out.printIn(*'Dog: " + strmDataType.readBoolean());
System.out.printIn("'Rank: " + strmDataType.readlnt());
System.out.printIhn("---————————————————— ");
// Reset so read starts at beginning of array
strmBytes.reset();

}

comp.compareStringClose();

// Free enumerator
re.destroy();

}

strmBytes.close();
strmDataType.close();

}

catch (Exception e)

db(e.toString());

}
}

Simple message to console for debug/errors
When used with Exceptions we should handle the
error in a more appropriate manner.

private void db(String str)

* N\
*

*

*

*
*
N

.

System.err._printIn("'Msg: " + str);

-

| Compares two strings to determine sort order

| Each record passed in contains multiple Java data
| types - use only the String data for sorting

*



class ComparatorString implements RecordComparator
{
private byte[] recData = new byte[10];

// Read from a specified byte array

private ByteArraylnputStream strmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream strmDataType = null;

public void compareStringClose()
{
try
{
if (strmBytes != null)
strmBytes.close();
if (strmDataType != null)
strmDataType.close();

catch (Exception e)

8
}

public void compareStringClose()
{
try
{
strmBytes.close();
strmDataType.close();

catch (Exception e)

O
}

public int compare(byte[] recl, byte[] rec2)

{
String strl, str2;

try
{
// 1T either record is larger than our buffer, reallocate
int maxsize = Math.max(recl.length, rec2.length);
if (maxsize > recData.length)
recData = new byte[maxsize];
// Read record #1
// Only need one read because the string to
// sort on is the first "field" in the record
strmBytes = new ByteArraylnputStream(recl);
strmDataType = new DatalnputStream(strmBytes);
strl = strmDataType.readUTF();

// Read record #2

strmBytes = new ByteArraylnputStream(rec2);
strmDataType = new DatalnputStream(strmBytes);
str2 = strmDataType.readUTF();

// Compare record #1 and #2
int result = strl.compareTo(str2);
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if (result == 0)

return RecordComparator.EQUIVALENT;
else if (result < 0)

return RecordComparator.PRECEDES;
else

return RecordComparator.FOLLOWS;

}
catch (Exception e)
{

}
}
}

return RecordComparator.EQUIVALENT;

The majority of the MIDlet is nearly identical to Example 11.2. What has changed is the addition of a
class that implements RecordComparator. More specifically, a compare () method that is aware
of the sequence of datain each record and can extract that which is required to properly compare
records.

Thefirst "field" in each record isthe String we would like to use as the basis for sorting. Read the
String from each record using readUTF (), then cal compareTo() inthe String classto
determine the relative sort order of the records.

// Read record #1

// Only need one read because the string to
// sort on is the first "field" in the record
strmBytes = new ByteArraylnputStream(recl);
strmDataType = new DatalnputStream(strmBytes);
strl = strmDataType.readUTF();

// Read record #2

strmBytes = new ByteArraylnputStream(rec2);
strmDataType = new DatalnputStream(strmBytes);
str2 = strmDataType.readUTF();

// Compare record #1 and #2
int result = strl.compareTo(str2);
if (result == 0)

return RecordComparator.EQUIVALENT;
else if (result < 0)

return RecordComparator.PRECEDES;
else

return RecordComparator.FOLLOWS;

Take amoment to look at Figure 11-5. Notice that the records are sorted based on the "Name," which
isthe String wewrote in each record.

Figure 11-5. Records with multiple Java data types, sorted by "Name"
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Example: Integer Sor t with Compound Records

Using the same data as in the previous example, let's complicate things just a bit. Whereas the
previous example sorted based on the String at the beginning of the record, the next example will
sort based on the int located at the end of the record (see Example 11.5).

Part of the beauty of object-oriented code is that with a good design upfront, changes need not impart
drastic rewrites. With this next example, for the most part, al that has changed is the class that
implements the RecordComparator, extracting and comparing integers instead of strings.

As arefresher, here is the data that was used to create each record in the previous example:
String[] pets {"duke™, '"tiger', "spike', "beauregard'};

boolean[] dog {true, false, true, true};
int[] rank = {3, 0, 1, 2};

Once written to the record store, the contents of the records will look something like:

Record #1
"duke" true 3

Record #2
"tiger" false O

Record #3
“spike true 1

Record #4
"beauregard™ true 2

Example 11.5 IntSor t.java
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* IntSort.java
*

* Sort records that contain multiple Java
* data types. Sort using integer type.

*
* Uses: Streams, Enumeration, RecordComparator
*
* No GUI interface, all output is to the console
K e ————,——,,_————— */
import java.io.™;
import javax.microedition.midlet.*;
import javax.microedition.rms.*;
public class IntSort extends MIDlet
{
private RecordStore rs = null; // Record store

static final String REC_STORE = *"db_4'"; // Name of record store

public IntSort()
{

openRecStore(); // Create the record store

writeTestData(); // Write a series of records
readStream(); // Read back the records

closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

}

public void destroyApp( boolean unconditional )

{
}

public void startApp()

// There is no user interface, go ahead and shutdown
destroyApp(false);
notifyDestroyed();

}

public void pauseApp()
{

public void openRecStore()

// See Example 11-1
}

public void closeRecStore()

// See Example 11-1
}

public void deleteRecStore()
{

298



// See Example 11-1
}

public void writeTestData()

String[] pets = {"'duke™, "tiger', "spike', "beauregard"};
boolean[] dog = {true, false, true, true};
int[] rank = {3, 0, 1, 2};

writeStream(pets, dog, rank);

}

public void writeStream(String[] sData, boolean[] bData,
int[] iData)
{

try

// Write data into an internal byte array
ByteArrayOutputStream strmBytes =
new ByteArrayOutputStream();

// Write Java data types into the above byte array
DataOutputStream strmDataType =

new DataOutputStream(strmBytes);
byte[] record;

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

// Write Java data types
strmDataType.writeUTF(sData[i]);
strmDataType.writeBoolean(bData[i]);
strmDataType.writelnt(iDatal[i]);

// Clear any buffered data
strmDataType.flush(Q);

// Get stream data into byte array and write record
record = strmBytes.toByteArray();
rs.addRecord(record, 0, record.length);

// Toss any data in the internal array so writes

// starts at beginning (of the internal array)
strmBytes.reset();

}

strmBytes.close();
strmDataType.close();

catch (Exception e)
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db(e.toString());

public void readStream()

try

// Careful: Make sure this is big enough!
// Better yet, test and reallocate if necessary
byte[] recData = new byte[50];
// Read from the specified byte array
ByteArraylnputStream strmBytes =

new ByteArraylnputStream(recData);

// Read Java data types from the above byte array
DatalnputStream strmDataType =
new DatalnputStream(strmBytes);

if (rs.getNumRecords() > 0)
{

ComparatorlInt comp = new Comparatorint();

int 1 = 1;

RecordEnumeration re = rs.enumerateRecords(null,
comp, false);
while (re.hasNextElement())
{
// Get data into the byte array
rs.getRecord(re.nextRecordld(), recData, 0);

// Read back the data types
System.out._printIn(*’'Record #" + i++);

System.out.printIn("'Name: " + strmDataType.readUTF(Q));
System.out.printIn(*'Dog: " + strmDataType.readBoolean());
System.out.printIn("'Rank: " + strmDataType.readlnt());
System.out._printIn("-----————-——————————- ");
// Reset so read starts at beginning of array
strmBytes.reset();

}

comp.comparelntClose();

// Free enumerator
re.destroy();

}

strmBytes.close();
strmDataType.close();
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catch (Exception e)

db(e.toString());

}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

K e e, ——_————— */
private void db(String str)
{
System.err._printIn("'Msg: " + str);
}
}
T

| Compares two integers to determine sort order

| Each record passed in contains multiple Java data
| types - use only the integer data for sorting

*

class Comparatorint implements RecordComparator

{
private byte[] recData = new byte[10];

// Read from a specified byte array
private ByteArraylnputStream strmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream strmDataType = null;

public void comparelntClose()

{
try
{
if (strmBytes != null)
strmBytes.close();
if (strmDataType != null)
strmDataType.close();

catch (Exception e)

O
}
public int compare(byte[] recl, byte[] rec2)
{

int x1, x2;

try

{

// 1T either record is larger than our buffer, reallocate
int maxsize = Math.max(recl.length, rec2.length);
if (maxsize > recData.length)

recData = new byte[maxsize];
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// Read record #1

// We want the integer from the record, which is
// the last "field" thus we must read the String

// and boolean to get to the integer
strmBytes = new ByteArraylnputStream(recl);

strmDataType = new DatalnputStream(strmBytes);

strmDataType.readUTF();
strmDataType.readBoolean();

x1 = strmDataType.readlnt(); // Here"s our data

// Read record #2
strmBytes = new ByteArraylnputStream(rec2);

strmDataType = new DatalnputStream(strmBytes);

strmDataType.readUTF();
strmDataType.readBoolean();

x2 = strmDataType.readInt(); // Here"s our data

// Compare record #1 and #2
if (x1 == x2)

return RecordComparator.EQUIVALENT;
else if (x1 < x2)

return RecordComparator.PRECEDES;
else

return RecordComparator.FOLLOWS;

catch (Exception e)

return RecordComparator_ EQUIVALENT;
}
}
}

Here isthe bulk of the code that has been changed:

// Read record #1

// We want the integer from the record, which is
// the last "field" thus we must read the String
// and boolean to get to the integer

strmBytes = new ByteArraylnputStream(recl);
strmDataType = new DatalnputStream(strmBytes);
strmDataType.readUTF();
strmDataType.readBoolean();

x1 = strmDataType.readlnt(); // Here"s our data

// Read record #2

strmBytes = new ByteArraylnputStream(rec2);
strmDataType = new DatalnputStream(strmBytes);
strmDataType.readUTF();
strmDataType.readBoolean();

X2 = strmDataType.readlnt(); // Here"s our data

// Compare record #1 and #2
if (x1 == x2)

return RecordComparator.EQUIVALENT;
else It (X1 < x2)
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return RecordComparator.PRECEDES;
else
return RecordComparator.FOLLOWS;.

We are attempting to sort based on the integer that islocated at the end of each record. To get to that
location, we need to read the String and boolean that are stored prior to that position. Once we
have the integers from each record, the comparison code itself istrivial. Compare the output of Figure
11-5 and Figure 11-6. The former sorts by "Name" (String); the latter by "Rank” (int).

Figure 11-6. Records with multiple Java data types, sorted by "Rank" (integer)

Mame: spike

Execution completed successfully
71760 bhytecodes executed

The RecordComparator isanecessity for al but the simplest of records. Y ou can provide an
endless variety of sorting options if you are will-ing to extract the necessary record "fields" and write
afew lines of code comparing those same values.

Searching with RecordFilter

In addition to sorting records (using RecordComparator), an enumerator can filter records. Thereis
a subtle difference, however. When using RecordComparator al recordsin arecord store arein
the result set. With aRecordFi I ter, only those records that match the filter criteriawill become
part of the enumerator result set.

Following is a class that implements the RecordFi I ter interface.

class SearchFilter implements RecordFilter
{

private String searchText = null;

public SearchFilter(String searchText)
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{
// This is the text to search for

this.searchText = searchText.tolLowerCase();

}

public boolean matches(byte[] candidate)
{

String str = new String(candidate).tolLowerCase();

// Look for a match
iT (searchText = null && str.indexOf(searchText) != -1)
return true;
else
return false;
3
3

When an instance of this classis created we save the desired search text in aprivate variable. Thistext
is then used when the enumerator calls the matches() method, passing in arecord from the record
store. Hereisa small piece of code that shows how you create a reference between thefilter and an
enumerator.

// Create a new search filter
SearchFilter search = new SearchFilter(*search text');

// Reference the filter when creating the result set
RecordEnumeration re =
rs.enumerateRecords(search,null,false);

// 1T there is at least one record in result set, a match
was found

it (re.numRecords() > 0)
// Do something

RecordFilter API

Table 11.6. RecordFilter Interface: javax.microedition.rms.RecordFilter

\ Method | Description

Iboolean matches(byte[] candidate) |Search arecord for a specific value

Example: Simple String Search

Two examples follow that use aRecordFi I'ter to search the record store. Both MIDlets display a
Form and aprovide a TextField for entering the desired search string. The results of the first
MIDlet are shown in Figure 11-7.

Figure 11-7. Searching for records
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The reason for two examplesis to keep a consistent pace with other examples we've created in this
chapter. Thefirst will write/search records that contain only pure text, which we accomplish by
writing aString object into each record. The second example will use streams to write/search the
record store. In this case, each record will consist of aString, aboolean and an int. Thisexample
is probably alittle more redlistic in the sense that it will more closely mimic what types of datayou
may actually store. In addition, it proves to be alittle more thought-provoking.

Example 11.6 SimpleSearch.java

* SimpleSearch.java

*

* Display a Form and Textbox for searching records

* Each record contains a String object.

*

* Uses: Enumeration, RecordFilter

K o e ———,——,,———— */

import java.io.*;

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

public class SimpleSearch extends MIDlet implements CommandListener

{

private Display display; // Reference to Display object

private Form fmMain; // The main form

private Stringltem siMatch; // The matching text, if any

private Command cmFind; // Command to search record store

private Command cmEXit; // Command to insert items

private TextField tfFind; / / Search text as requested by
user

private RecordStore rs = null; // Record store

static final String REC_STORE = *"db_6"; // Name of record store
public SimpleSearch()

display = Display.getDisplay(this);

// Define textfield, stringltem and commands
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tfFind = new TextField("Find", """, 10, TextField.ANY);
siMatch = new Stringltem(null, null);

cmExit = new Command("Exit', Command.EXIT, 1);
cmFind = new Command(*'Find", Command.SCREEN, 2);
// Create the form, add commands

fmMain = new Form(''Record Search™);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmFind) ;

// Append textfield and stringltem
fmMain.append(tfFind);
fmMain.append(siMatch);

// Capture events
fmMain.setCommandListener(this);

openRecStore(); // Create the record store
writeTestData(); // Write a series of records

}

public void destroyApp( boolean unconditional )

{

closeRecStore(); // Close record store

}

public void startApp()

{
display.setCurrent(fmMain);

}

public void pauseApp(Q)

{
}
public void openRecStore()
{
// See Example 11-1

}

public void closeRecStore()

// See Example 11-1
}

public void writeTestData()
{
String[] golfClubs = {
"Wedge...good from the sand trap",
"One Wood...off the tee",
"Putter...only on the green",
"Five lron...middle distance'"};
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writeRecords(golfClubs);
}

* Write to record store.
public void writeRecords(String[] sData)
byte[] record;

try

{
// Only add the records once

if (rs.getNumRecords() > 0)
return;

for (int i = 0; 1 < sData.length; i++)

{
record = sData[i].getBytes();
rs.addRecord(record, 0, record.length);

}

catch (Exception e)

db(e.toString());

private void searchRecordStore()

{
try

// Record store is not empty
if (rs.getNumRecords() > 0)

// Setup the search filter with the user requested text
SearchFilter search =
new SearchFilter(tfFind.getString());

RecordEnumeration re =
rs.enumerateRecords(search, null, false);

// A match was found using the Filter

if (re.numRecords() > 0)
// Show match in the stringltem on the form
siMatch.setText(new String(re.nextRecord()));

re.destroy(); // Free enumerator

}

catch (Exception e)

db(e.toString());
3
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}

public void commandAction(Command c, Displayable s)

{
if (c == cmFind)
{

searchRecordStore();
else if (c == cmExit)

destroyApp(false);
notifyDestroyed();
}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

K e, ——_———— */
private void db(String str)
{
System.err._printIn("'Msg: " + str);
}
}
)

* Search for text within a record
* Each record passed in contains only text (String)

class SearchFilter implements RecordFilter

{

private String searchText = null;
public SearchFilter(String searchText)

// This is the text to search for
this.searchText = searchText.tolLowerCase();

}

public boolean matches(byte[] candidate)
{

String str = new String(candidate).tolLowerCase();

// Look for a match
ifT (searchText = null && str.indexOf(searchText) I= -1)
return true;
else
return false;
3

}
At the top of the example you'll see the standard stuff—allocating the components and setting up the

event listener. There are also afew lines for writing records to the record store. The text written to the
storeis simply an array of strings:
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String[] golfClubs = {
"Wedge...good from the sand trap",
“One Wood...off the tee”,
"Putter...only on the green”,
“Five lron...middle distance'};

Before writing the searchFi I'ter classthat implements the RecordFi I'ter interface, let's see
how our enumerator in this example differs from the previous example.

// Setup the search filter with the user requested text
SearchFilter search = new SearchFilter(tfFind.getString());

RecordEnumeration re =rs.enumerateRecords(search,null,false);

// A match was found using the filter
it (re.numRecords() > 0)
siMatch.setText(new String(re.nextRecord()));

First, we must alocate an instance of SearchFi I'ter. Notice the constructor has a parameter that
accepts the user-requested search text. Next, we create an enumerator with a reference to this class. If
the result set of the enumeration has more than zero records, we know there was at least one match
and we set the Stringltem text.

At the bottom of the example iswhere you'll find the SearchFi I ter class. Notice the constructor
saves the search text that was requested by the user. Thistext is then available to the method
matches(), whichis called by the enumerator during itsinitialization. This method will be called
once for each record in the record store. Only those records that match the filter will be included in
result set.

Figure 117 shows a series of screen shots, walking through a search of the record store. Notice the
search is not case sensitive. Head back to the code and see why that is.

Example: String Search with Compound Records

Example 11.7 differslittle from what we've just written. What has changed is the type of data that we
write, and how that same data is placed into the record store.

The data that will make up the records for this example is much more comprehensive:

String[] pets = {"duke - big, goofy golden retriever",
"tiger - we found in a field",
"spike - loves chasing car tires",
"beauregard - barks at everything'};
boolean[] dog = {true, false, true, true};

int[] rank = {3, 0, 1, 2};
Obvioudly, we'll need alittle more smarts when we read and search the record store.

Example 11.7 SearchStreams.java

* SearchStreams. java
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Display a Form and Textbox for searching records
Each record contains multiple Java data types -
(String, boolean and integer). Use the String
data for searching

Uses: Enumeration, RecordFilter

import java.io.™;

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

public class SearchStreams extends MIDlet implements CommandListener

{

private Display display; // Reference to Display object
private Form fmMain; // The main form

private Stringltem siMatch; // The matching text,

private Command cmFind; // Command to search record store
private Command cmEXit; // Command to insert items

private TextField tfFind; // Search text

private RecordStore rs = null; // Record store
static final String REC_STORE =

public SearchStreams()

{

}

display = Display.getDisplay(this);

// Define textfield, stringltem and commands

tfFind = new TextField("Find", """, 10, TextField.ANY);

siMatch = new Stringltem(null, null);
cmExit = new Command("Exit', Command.EXIT, 1);
cmFind = new Command(*'Find", Command.SCREEN, 2);
// Create the form, add commands

fmMain = new Form(''Record Search™);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmFind) ;

// Append textfield and stringltem
fmMain.append(tfFind);

fmMain.append(siMatch);

// Capture events
fmMain.setCommandListener(this);

openRecStore(); // Create the record store
writeTestData(); // Write a series of records

public void destroyApp( boolean unconditional )

{
}

closeRecStore(); // Close record store
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public void startApp()

{
display.setCurrent(frmMain);

public void pauseApp()

{
}

public void openRecStore()

{
// See Example 11-1

}

public void closeRecStore()

// See Example 11-1
}

public void writeTestData()
{
String[] pets = {"duke - big, goofy golden retriever",
"tiger - we found in a field",
"spike - loves chasing car tires",
"beauregard - barks at everything'};

boolean[] dog = {true, false, true, true};
int[] rank = {3, 0, 1, 2};

writeStream(pets, dog, rank);

public void writeStream(String[] sData, boolean[] bData,
int[] iData)
{

try
{
// Only add the records once
if (rs.getNumRecords() > 0)
return;

// Write data into an internal byte array
ByteArrayOutputStream strmBytes =

new ByteArrayOutputStream();
// Write Java data types into the above byte array
DataOutputStream strmDataType =

new DataOutputStream(strmBytes);

byte[] record;
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for (int i = 0; 1 < sData.length; i++)
{
// Write Java data types
strmDataType.writeUTF(sData[i]);
strmDataType.writeBoolean(bData[i]);
strmDataType.writelnt(iData[i]);

// Clear any buffered data

strmDataType.flush();

// Get stream data into byte array and write record
record = strmBytes.toByteArray();
rs.addRecord(record, 0, record.length);

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
strmBytes.reset();

}

strmBytes.close();
strmDataType.close();

catch (Exception e)

db(e.toString());

private void searchRecordStore()

{
try

// Record store is not empty
if (rs.getNumRecords() > 0)
{
// Setup the search filter with the user requested text
SearchFilter search =
new SearchFilter(tfFind.getString());

RecordEnumeration re =
rs.enumerateRecords(search, null, false);

// A match was found using the filter
if (re.numRecords() > 0)
{
// Read from the specified byte array
ByteArraylnputStream strmBytes =
new ByteArraylnputStream(re.nextRecord());
// Read Java data types from the above byte array
DatalnputStream strmDataType =
new DatalnputStream(strmBytes);

// Show matching result in stringltem component on form
siMatch.setText(strmDataType.readUTF());
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search.searchFilterClose(); // Close record fTilter

strmBytes.close(); // Close stream

strmDataType.close(); // Close stream

re.destroy(); // Free enumerator
}

}

}
catch (Exception e)

db(e.toString());

}
}

public void commandAction(Command c, Displayable s)

{
if (c == cmFind)
{

searchRecordStore();
else if (c == cmExit)

destroyApp(false);
notifyDestroyed();

}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

K e ————,——,————— */
private void db(String str)
{
System.err.printIn("'Msg: " + str);
}
}
o

* Search for text within a record

* Each record passed in contains multiple Java data
* types (String, boolean and integer)

*

class SearchFilter implements RecordFilter

{

private String searchText = null;

// Read from a specified byte array
private ByteArraylnputStream strmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream strmDataType = null;

public SearchFilter(String searchText)

{
// This is the text to search for

this.searchText = searchText.tolLowerCase();

}
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// Cleanup
public void searchFilterClose()
{
try
{
if (strmBytes != null)
strmBytes.close();
if (strmDataType != null)
strmDataType.close();

catch (Exception e)

8
}

public boolean matches(byte[] candidate)

{
String str = null;

try

{ )
strmBytes = new ByteArraylnputStream(candidate);
strmDataType = new DatalnputStream(strmBytes);

// Although 3 pieces of data were written to
// the record (String, boolean and integer)

// we only need one read because the string to
// search is the first "field” in the record
str = strmDataType.readUTF() .toLowerCase();

catch (Exception e)

{
}

// Look for a match
if (str = null && str.indexOf(searchText) I= -1)
return true;
else
return false;
3

}

return false;

Once again, the basics are the same: set up the Form, TextField and Command objects. When
writing to the record store, we use streams to write each array element as a primitive Java data type,
for example:

strmDataType.writeUTF(sDatal[i]); // Write Strings
strmDataType.writeBoolean(bData[i]); // Write booleans
strmDataType.writelnt(iDatal[i]); // Write integers

Inside searchRecordStore() iswhere we create the search filter and enumerator. Before going
into the specifics of this method, let's review the codeinside SearchFi Iter, the class that
implementsthe RecordFi I ter interface.
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As with the previous example, we save the search text into alocal variable:

this.searchText = searchText.tolLowerCase();

The method matches() is called by the enumerator for each record in the record store. To get the
datain the same format as it was written to the record, we need to create two streams—one that
references the byte array with the incoming data and another to read Java data types from the previous
stream:

strmBytes = new ByteArraylnputStream(candidate);
strmDataType = new DatalnputStream(strmBytes);

Although we've written three pieces of datainto each record (String, boolean, int) our search
only appliesto thefirst "field,” the String. So we extract the String and storeit in alocal variable:

str = strmDataType.readUTF() .toLowerCase();

The remainder of the code is straightforward. Compare the text from the record with the text in the
variable searchText, which we saved when we created the filter:

iT (str = null && str.indexOf(searchText) I= -1)
return true;
else

return false;

We can finish this discussion by looking back at searchRecordStore(). If the enumerator has
more than 0 records as part of the result set, we know there was a successful match between the text
the user requested and one or more records in the record store:

it (re.numRecords() > 0)
{
// Read from the specified byte array
ByteArraylnputStream strmBytes =
new ByteArraylnputStream(re.nextRecord());
// Read Java data types from the above byte array
DatalnputStream strmDataType =
new DatalnputStream(strmBytes);
// Show matching result in stringltem component on form
siMatch.setText(strmDataType.readUTF());

}

Before we can display the text from the record (on the form), once again we need to extract the datain
the same format in which it was written. We do this by setting up the necessary streams, reading the
String from the record and adding the resulting text into the Stringltem on the form (see Figure
11-8).

Figure 11-8. Searching compound records
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Notification of Changes with RecordListener

At times you may find it helpful to be notified when arecord has been added, deleted or updated. For
instance, aMIDlet could store application preferencesto persistent storage. When a user makes a
change to their preferences, it may be handy to be aware of this fact, so the MIDIet can make any
necessary adjustments on the fly, so to speak.

Or how about this idea? We have a MIDlet that maintains an internal list of contact information (name,
email address, etc.). Thelist can be used at anytime by the MIDlet; for example, when auser is
writing an email they may need to search for a specific email address. Let's say that somewhere on a
remote server isamaster list of contacts (updated from a separate source). When achangeismadein
the master, we'd like the MIDlet to be updated as well.

Here's athought—the MIDlet could periodically poll the remote server. If the two lists are not
identical, a background process could add, delete or update the record store as necessary. With this
listener in place, once any change has been detected, the MIDlet could re-read the contact information
from the (now current) record store and update itsinternal list.

TheRecordListener operates as do the other listeners we've discussed. If you register alistener,
when an event occurs a method is called to notify you of the change. For this interface, the methods
are record Added(), recordChanged() and recordDeleted() . Which iscalled obviously
depends on what change occurred in the record store.

RecordListener API

Table 11.7. RecordListener Interface: javax.microedition.rms.RecordListener

Method Description
void recor dAdded(RecordStore recordStore, int recordid) Called when record is added
void recordChanged(RecordStore recordStore, int recordld) Called when record is changed
void recor dDeleted(RecordStore recordStore, int recordld) Called when record is deleted

Examples: Capturing Changes

316



Example 11.8 is merely a skeleton that shows calls to the various listeners of the RMS. Up front we
open arecord store and add a listener to that same store. Then we proceed to add, update and delete a
record. Each of these actions will trigger the listener to call the appropriate method, where we
commence to print a message showing that we arrived.

Example 11.8 RmsListener.java

import java.io.*;
import javax.microedition.midlet.*;
import javax.microedition.rms.*;

public class RmsListener extends MIDlet
{
private RecordStore rs = null;
staticfinalStringREC_STORE = "db_8";
public RmsListener()
{
// Open record store and add listener
openRecStore();
rs.addRecordListener(new TestRecordListener());

// Initiate actions that will wake up the listener
writeRecord("'J2ME and MIDP™);

updateRecord(*"MIDP and J2ME™);

deleteRecord();

closeRecStore(); // Close record store
deleteRecStore(); // Remove the record store

}

public void destroyApp( boolean unconditional )

{
}

public void startApp(Q)

// There is no user interface, go ahead and shutdown
destroyApp(false);
notifyDestroyed();

}

public void pauseApp()

{
}

public void openRecStore()

// See Example 11-1
}
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public void closeRecStore()

// See Example 11-1
}

public void deleteRecStore()
// See Example 11-1

public void writeRecord(String str)

{
byte[] rec = str.getBytes();

try
{

rs.addRecord(rec, 0, rec.length);
catch (Exception e)

db(e.toString());

}
}

public void updateRecord(String str)

{
try

{
rs.setRecord(l, str.getBytes(), 0, str.length());

catch (Exception e)

db(e.toString());

}
}

public void deleteRecord()

{
try

{
rs.deleteRecord(1);

}
catch (Exception e)

db(e.toString());

}
}

* Simple message to console for debug/errors
* When used with Exceptions we should handle the
* error in a more appropriate manner.

public void db(String str)
{

}

System.err.printIn("'Msg: " + str);
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class TestRecordListener implements RecordListener

{

public void recordAdded(RecordStore recordStore, int recordld)

{
try

{
System.out.printIn(‘'Record with ID#: " + recordld +

"added to RecordStore: " +
recordStore.getName());

catch (Exception e)

{
System.err._printin(e);

}
}
public void recordDeleted(RecordStore recordStore, int recordld)
{

try

{

System.out.printIn("'Record with ID#: " + recordld +
"deleted from RecordStore: " +
recordStore.getName());

catch (Exception e)

{

}
}

public void recordChanged(RecordStore recordStore, int recordld)

{
try

{

System.err.printin(e);

System.out.printIn(‘'Record with ID#: " + recordld +
""changed in RecordStore: " +
rs.getName());

catch (Exception e)
{

}
}
}

System.err.printin(e);

Figure 11-9 shows the console output from the listener methods.

Figure 11-9. Output of Record Store listener methods
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S WINNTY System3 2 cmd.exe

Record with IDH: 1 added to BecordStore: db_8
Record with IDH#: 1 changed in RecordStore: db_8

Record with IDH#H: 1 deleted from RecordStore: db_8
Execution completed successfully

24860 huytecodes executed

2 thread switches

Exception Handling

There are five exceptions that are specific to the RMS. As expected, each isinherited from the class
jJava.lang.Throwable. All five exceptions are listed next, along with a brief description and the
constructor methods in the event your application code needs to create/throw an RM S-related
exception.

InvalidRecordIDException

Used to indicate an invalid record number. For example, if RecordStore.getRecord(int) is
called with arecord that does not exist in the record store, this exception will be thrown.

public InvalidRecordIDException(String message)
public InvalidRecordIDException()

RecordStoreException
A general exception indicating an error with the record store.

public RecordStoreException()
public RecordStoreException(String message)

RecordStoreFullException

Signals the record store is full. For example, if RecordStore.add Record(byte[], int, int)
is called to add a new record, this exception will be thrown if the record store has reached its
maximum capacity.

public RecordStoreFul lException()
public RecordStoreFul IException(String message)

RecordStoreNotFoundException

Indicates the record store name does not exist. For example, calling
RecordStore.deleteRecordStore(String) with aninvalid record store name will result in
this exception being thrown.

public RecordStoreNotFoundException()
public RecordStoreNotFoundException(String message)
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RecordStoreNotOpenException

Used to indicate that the requested record store is not open. For example, if
RecordStore.getNumRecords() iscalled prior to opening the record store, this exception will
be thrown.

public RecordStoreNotOpenException()
public RecordStoreNotFoundOpen(String message)

Catching Exceptions

To keep the examples in this chapter focused on the concepts presented, |'ve done the absolute
minimum to appease the Java compiler when dealing with exceptions. Typical code has simply caught
every type of exception and written a message to the console;

RecordStore rs;
try
{

rs.closeRecordStore();

}

catch (Exception e)

db(e.toString());

}
privéié void db(String str)
{
System.err.printIn("’"Msg: " + str);
}

Many record store methods throw exceptions. Any production application will need to implement a
more robust means of dealing with problems asthey arise. All exceptions should be caught and
handled in an appropriate manner, depending on the type of error. Ideally, the aforementioned code
should look alittle more like the following:

try {
rs.closeRecordStore();

} catch (RecordStoreNotOpenException e) {
do something here. ..

} catch (RecordStoreException e2) {
do something else here...

} catch (Exception e3) {
other error condition...

}

The missing code ("do something here") will be dependent on the error that occurred. For example, if
the record store was not open, it may be as simple as calling a method to open the record store and
retrying the operation. If the error is more on the esoteric side (as with the
RecordStoreException), you may need to notify the user and ask how they would like to proceed.
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Chapter 12. TODO LIST EXAMPLE: PART |
Topicsin this Chapter

Using the Todo List

Interface Design
Data Design
Application Logic
Source Code

At this point in the book we have covered a great deal of information regarding how to write 2ME
MIDlets. Although there are still afew topics to review before we have covered all the MIDP has to
offer, it's agood time to write an application that ties together much of what we've learned.

| don't know about you, but I simply cannot live without my todo list. Well, | suppose | could live, it
would just bein afog. Given my paper version follows me everywhere, | thought this would be an
ideal MIDlet to have on amobile device. To be useful, the MIDIet would need to provide the same
capabilities as a paper list (viz, adding new items, removing completed items and setting priorities).

Using the Todo List

It's easiest to get afeel for thisMIDlet by walking through a few screen shots. Figure 12—1 showsthe
main todo list. You'll notice you can look at the todo list with or without priorities.

Figure 12-1. Todo list—without and with priorities

Clpay bills
Clharmebrew Cl3-homebrew

Ulbuy cigars L3-buy cigars
Clpull weeds C15-pull weeds

Selecting the "Menu" option will bring up the screen shown in Figure 12—2. We can either add a new
todo item or view/change the application preferences.

Figure 12-2. Todo menu options
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If you choose to add a new item to your todo list, the screen shown in Figure 12—3 will appear. There
isjust enough detail on the display to make out that this screen consists of aForm withaTextField

and ChoiceGroup.

Figure 12-3. Add todo item; Form containing a TextField and ChoiceGroup

find slippers

Priarity

®Today
{;':-Tnm arron

There are atotal of five priorities that we can choose from. Anywhere from "Today" to "Someday"
(see Figure 12-4).

Figure 12-4. Priority selection
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Heading back to Figure 12-2 and selecting the "Preferences’ option from the menu, we will be
presented with the screen as shown in Figure 12-5. Here we choose whether or not we would like the
items sorted by priority (if not, they appear in the order entered). We can also opt to have priorities
listed next to each item.

Figure 12-5. Select application preferences

I:Fﬂl"
Preferences

F'references

A couple of thoughts—if you look back at Figure 12—1 (on the right) you'll notice that priorities are
shown as integers. However, if you look at Figure 12—4 you'll see that priority selection is done using
atext string. | found it much more intuitive to enter priorities by selecting from options that closely
match how | think. That is, this must be done today, that can wait until tomorrow, and so forth.

When | write atodo list on paper and pencil | generally list them from most important to least. And no,
| don't assign them numbers, but it generally works out to the same as shown here. That is, most
important on top, least important at the bottom.

Obviously, due to constraints of the display, we can't show the priority text next to each item; thus,
internally we track them as numbers and thisis what we display on the list.
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Interface Design

One of the beauties of the MIDP isits simplicity. Y ou can quickly get your hands around the
components and have a good sense of just what capability each can offer and how they can work
together. After writing only afew MIDIets, chances are you will be able to visualize the components,
and it will become almost second nature to lay out simple application designs in your head.

However, that simplicity is a double-edged sword. As your programming projects become more
complex, with more sophisticated user interface needs, you'll find yourself clamoring for more robust
and comprehensive components.

There are various options to work around the limitations of the component library. First, you can write
your own components, building off what is already available through the MID libraries or writing
what you need from scratch. Second, as with most any new technology, there are individuals and
businesses working feverishly to provide tools and components. | have no doubt in the near future
there will be an abundance of software supporting MIDP development. However, to keep the focus on
the components addressed within this book, we will use only those found within MIDP.

Asl led you to believe just a moment ago, the user interface for this MIDlet is quite smple, with the
main user interface consisting of only three forms (see Figure 12-6).

Figure 12-6. Todo List GUI interface design

TodoMIDet class

fmMain - Form
cgTodo — ChoiceGroup  (shows todo list)
Commands

Exit

Add Todo (calls FormAdd)
Preferences (calls FormPrel)

FormAdd elass FormPrefs class
iTodo - TexiField (gel new wodo 1ext) cePrefs - ChoiceGroup (gel user preferences)
coPriority - ChoiceGroup (get tdo priority)
Commands
Commands Save
Have Back
Back
Main Form

Thefocal point of interaction for the MIDlet is fmMain. Figure 12—1 shows this Form along with the
corresponding ChoiceGroup (thetodo list) and Command objects (adding and setting preferences).

Add Todo Item From
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When adding a new todo item, FormAdd will be invoked. Within thisform we show aTextField
for getting the todo item text and a Cho i ceGroup for selecting the todo item priority. There are aso
two Commands —one to save the new item and one to return to the main form with no change (see

Figure 12-3).
Update Preferences Form

When we choose to update the application preferences, FormPrefs will be presented. Thisform
consists of aChoiceGroup for selecting sort order and deciding whether or not to show priorities on
the todo list. Aswith FormAdd, there is one Command to save the preferences and another to return to
the main form with no change (see Figure 12-5).

Data Design

From the GUI design point of view this MIDlet is quite straightforward. However, don't let thisfool
you into thinking the code itself istrivial. It's not rocket science either, but there is afair amount code
to maintain the interna data structures, manage the record store and handle events, al while trying to
conserve and re-use resources as much as possible.

As with most any programming project there is no one preferred way to design and implement the
application. | chose adesign that would not only solve the problem at hand but provide flexibility for
future changes and enhancements. Hereiswhat | came up with.

Record Stores

There are two record stores, one to hold todo items and another to store application preferences.

private RecordStore rsTodo;
private RecordStore rsPref;
private static final String REC_STORE_TODO
private static final String REC_STORE_PREF

"TodoList";
"TodoPrefs';

rsTodo storesindividual records for atodo item. There may be any number of recordsin this store
(including zero). Each todo item has not only the text (for example, "buy gas") it also has a priority
("Today," "Tomorrow," etc.). We store the priority as an integer and the text as a String. Each record
has the following internal format:

rsTodo Record

Integer String
Priority "Todo Text

Remember, each record is actually written to the record store as an array of bytes. The aforementioned
display isjust an abstraction that we use at the application level. When the user enters a priority (asan
integer) and the todo text (asa String), wewill actually convert these into an array of bytes prior to
writing to the record store.
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rsPrefs hold the user preferences regarding sorting and whether or not to show priorities on the
todo list. Thisrecord store will always have just one record. The record will look as follows:

rsPrefs Record

Boolean Boolean

Sort by priority Show priorities

These two "fields" are populated from variables maintained with the current user preferences.

private boolean flagSortByPriority = false, // Sort by priority?
flagShowPriority = true; // Show priorities ?

While on the subject of record stores, let'slook at how we sort todo items. If you recall when learning
about the RMS, thereisaRecordEnumeration classfor looping through the record store. When
you define an enumeration, you can also make areference to aRecordComparator classto specify
the sort order of records returned by the enumeration.

That sounds alittle better than it actually is. We still need to write the sorting algorithm, however, the
enumeration will feed us records in the order provided by our sorting code. Thisis very handy—we
decide what it means to sort arecord (e.g., by comparing the priority "fields" in the record) and the
enumeration does the rest. We'll see the class that implements the sorting code in the next section.

Classes

There are six classes that go into creating our todo MIDlet. We can actually learn agreat deal about
the application design simply by looking over the class declarations. Following is a brief description
of each class.

TodoMIDlet
Thisisthe main class for the MIDlet.

public class TodoMIDlet extends MIDlet
implements ItemStateListener, CommandListener

From the declaration it's obvious that this class can handle Command events as well aslisten for
events from an Item. For the latter, thisisaChoiceGroup that represents the list of todo items.
When a user selects an entry on their todo list, the method i temStateChanged() will be called.
Within this method we will write the code to remove the selected item.

Todoltem

Each todo item, including its text, priority and associated record id in the record store (more on this
field in aminute), are stored in an instance of Todo I tem class.

public class Todoltem

{
private int priority;
private String text;
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private int recordld;
}

To keep track of multiple items | choose to use a vector—a simple data structure that can hold any
type of object. A vector (Java.util .Vector) isnothing more than an array. One benefit of a
vector isthat all the code for manipulating the indivdual elementsis handled for you, to name afew:
adding, deleting, retrieving and even resizing to accommodate more elements.

In amoment, we'll talk about how the vector, record store and the ChoiceGroup holding the todo
items are kept synchronized during the lifetime of the application.

FormAdd

Thisformisfor adding a new todo item to the list. We extend the Form class and implement the
CommandL istener interface.

public class FormAdd extends Form implements CommandListener

If for nothing else, a good reason to subclass Form is so we can encapsul ate the event handling. This
classwill have its own commandAction() method to process events, those events that are triggered
by interacting with the commands on this form only. This simple idea carried throughout your
application can greatly simplify event handling code in the main midlet.

If we defined this form within the main MIDIlet (without subclassing), the commandAction()
method would need to decipher what Displayable (which Form, List, TextBox, etc.) generated
the event and then further break that down into which command was invoked. It's not that the code
would be difficult to write. It's just that we can break the application into smaller, more manageable
chunks. Each chunk is self-sufficient in that it provides its own handling of data and deals with only
theeventsitisinterested in.

FormPrefs

Thisform follows the same logic as the previous. Extend the Form class and provide event handling
specific to this form.

public class FormPrefs extends Form implements CommandListener
Comparatorint

When creating an enumeration to loop through records in the RMS, we can define a comparator class
to assist with sorting. This class provides a method that is called by the enumeration to sort records.

public class Comparatorint implements RecordComparator

{

bﬁﬁlic int compare(byte[] recl, byte[] rec2)
{

// compare the priority of each record

,
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}

The method compare () is passed two byte arrays. Each array holds the contents of arecord from the
record store. This method is where we write our application logic for sorting. It is our responsibility to
understand the format of the datain each array and provide an algorithm that can determine which
record precedes the other.

DisplayManager

In Chapter 10 we created the class Di splayManager to help manage Displayable objects (Form,
TextBox, Canvas, etc.) aswe move about through our application. This class has methods to push
and pop objects using a stack. The ideais that, we can create as many Displayable objects aswe
need and call them one after another, always pushing the current Displayab I e onto the stack. When
we want to work our way back out, al we need to do is to pop them, one by one, off the stack.

public class DisplayManager extends Stack
Data Flow

When this MIDlet is running, aChoiceGroup displays the various todo items. When inactive the
todo list remainsintact in persistent storage. | mentioned previously that each todo itemis stored in an
instance of Todoltem.

public class Todoltem

{
private int priority;
private String text;
private int recordld;

,

| also pointed out that we store these items in a vector. Wouldn't it be easier to read the items from the
record store and write them directly to the choicegroup? Why do we need to keep each item in the
RMS, avector and aso in achoicegroup? There are several reasons; let's look at the most obvious.

Mapping between RMS, Vector and ChoiceGroup

We need a means to map each record in the record store with an entry in the choicegroup. For
example, if auser chooses to delete atodo item, it's a simple matter to remove the entry from the
choicegroup. However, removing the correct entry from the record store may prove to be more
challenging.

The RMS maintains arecord id for each record in the store. The first record is 1, the next is 2, and so
forth. However, record ids are NOT reused! For example, if you have records with theids 1, 2 and 3,
and you proceed to delete record id 2, the next record inserted will have record id 4. Thus, your new
record idsare 1, 3 and 4.

This makesit challenging when trying to figure out which entry in the record store corresponds to
which entry in the choicegroup. It is not as simple as "if | delete the choicegroup item 5, | can delete
record id number 5." That would be nice.
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Here iswhat well do instead. We will have a vector that holds a Todo I tem for each entry in the
record store. At application startup, well create the vector from the records in the store. In addition to
reading the text and priority from each record, we'll also keep areference to the record id inside the
Todo I'tem. Once the vector is complete, we create the choicegroup from the entries in the vector.

When a choicegroup element (todo item) is deleted, there is a one-to-one mapping into the vector.
With this mapping we can get the corresponding Todo I tem (object) from the vector. We can now
look up the record id that we stored previously, and remove it from the record store. We will then
rebuild the vector from the record store and re-build the choicegroup from the vector. This process
assures us that the record store, vector and choicegroup are al in sync.

There's an additional benefit to using a vector to hold an instance of Todo I tem for each element on
the todo list—we can easily add fields to provide for additional functionality. For example, we could
store a category and due date for each item by simply updating the Todo I tem class:

public class Todoltem

{
private int priority;
private String text;
private int recordld;
private String category;
private Date dueDate;

¥
Streams

When reading and writing to the record store the preferred approach is through a stream. Given the
record store will more than likely be accessed many times while the MIDlet is running, it makes sense
to alocate our input and output streams only once.

// Read from a specified byte array

private ByteArraylnputStream istrmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream istrmDataType = null;

// If you change length of a todo entry, bump this
byte[] recData = new byte[25];

// Write data into an internal byte array
ByteArrayOutputStream ostrmBytes = null;

// Write Java data types into the above byte array
DataOutputStream ostrmDataType = null;

We can reuse these streams throughout the application, aslong as we reset them prior to each use,
which is as simple as shown here:

istrmBytes.reset();
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ostrmBytes.reset();

Application Logic

In my world the fun part is writing code. All the GUI and data design stuff is for the birds, or at least |
wish it was. | have to do my best to hold back from jumping in and just cranking out the code.
However, experience has taught me well. If the design is properly thought through upfront, you run
into fewer bricks walls and thereby end up re-writing less code. (For some reason, re-writing code
lacks the appeal of writing it correctly the first time.) With that in mind, let's think through the flow of
this application.

Startup

We begin inside the TodoM ID I et constructor, creating the main form, choicegroup and event
handling commands. We also open the record store, read the user preferences from the same and
initialize the input and output streams.

Asthefinal steps, we construct the vector of todo items from the record store and create the todo list
by building a choicegroup from the vector. When requested by the application manager, we display
the main form:

public void startApp O
{

}

display.setCurrent(fmMain);

Add ltems

When a user chooses to add a new todo item by selecting "Add Todo" (see Figure 12—2) the following
method is called.

public void commandAction(Command c, Displayable d)

{
}}-Push current displayable onto stack
displayMgr.pushDisplayable(display.getCurrent());
iT (c == cmAdd)
{
// Reset the textfield and choicegroup
// on the "add todo" form
fmAdd. txfTodo.setString(*"");
fmAdd.chgPriority.setSelectedindex(0, true);
// Show "add todo" form
display.setCurrent(fmAdd) ;
}
}
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Here we store areference to the current Form (Displayable) that is currently shown on the mobile
device display. We do this by pushing the current Displayabl e onto the display manager stack. We
alsoinitidize the TextBox and ChoiceGroup for the todo item text and priority, respec-tively. The
last step isto set the current Displayable to the Form (fmAdd) for adding atodo item.

fmAdd manages its own event handling; that is, it has a commandAction() method. It looks as
follows:

public void commandAction(Command c, Displayable s)

{

if (c == cmSave)

{
midlet.addTodoltem(cgPriority.getSelectedindex() +

1, tfTodo.getString());
}

// Any other event and we go back to the main form...
// Pop the last displayable off the stack
midlet.displayMgr.popDisplayable();

}

If the user requests to save the current todo item (see Figure 12—3), we call a method inside the main
MIDlet to add the item to the vector, RM S and the choicegroup. Otherwise we simply pop the last
displayable off the stack to return to the main form.

Delete Items

When the user would like to delete a todo element they select the element in the todo list (choicegroup;
see Figure 12-1). Call to mind how we detect events with objects that are subclasses of 1tem
(ChoiceGroup, DataField, TextField, etc.). Thisisdone using an i temStatelL istener,
which calls the method i temStateChanged () when an event occurs:

public void itemStateChanged(ltem item)
{

// Determine which it was selected

// CGet the todo Item at that location
Todoltem todoitem = (Todoltem) vecTodo.elementAt(i);

}}-Delete from rms
rsTodo.deleteRecord(todoitem.getRecordld());

// Delete from vector
vecTodo. removeElementAt(i);

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
rebuildTodoList();
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We determine which item the user selected and proceed to delete the record from the record store and
the vector. Once thisis done, we rebuild the todo list (choicegroup).

Change Preferences

When presenting the form for changing user preferences (FormPrefs. Java) it would be nice to
display the current application settings (see Figure 12-5). We can accomplish this, inside
TodoMIDLet class, by creating an array of booleans and populating with the current values of the
preference variables:

public void commandAction(Command c, Displayable d)

{
}}-Push current displayable onto stack

displayMgr.pushDisplayable(display.getCurrent());

éiée if (c == cmPrefs)
{
boolean flags[] = {flagSortByPriority, flagShowPriority};

// Show preferences form passing in current

// preference settings
display.setCurrent(new formPrefs('Preferences",this,flags));

,

We pass the array (Flags) to the constructor when creating the form to display user preferences.
Within the constructor we create a new choicegroup and set the status of the choice group entries
using the array.
public FormPrefs(String title, todoMIDlet midlet,

boolean flags[])
{

// Choicegroup for sort order and showing priority
cgPrefs = new ChoiceGroup(*'Preferences”™, Choice_ MULTIPLE);
cgPrefs._append(*'Sort by Priority"”, null);
cgPrefs._append(*'Show Priority", null);

// Set the current status of each entry
cgPrefs._setSelectedFlags(flags);

,

That'sit. We're ready to write the code.
Source Code
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Example 12.1 TodoMIDlet.java

| TodoMIDlet. java
I

| The main class for todo list MiIDlet

import java.io.*;

import java.util.*;

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

public class TodoMIDlet extends MIDlet implements ltemStateListener,

CommandListener
{
private Display display; // Our display
private Form fmMain; // Main Form
private FormAdd fmAdd; // Form to add todo item
private Command cmAdd, // Command to add todo
cmPrefs, // Command to set preferences
CmEXit; // Command to exit
private Vector vecTodo; // The "master' list of todo items

private ChoiceGroup cgTodo; // Todo items (read from vecTodo)
protected DisplayManager displayMgr; // Class to help manage screens

private RecordStore rsTodo;

private RecordStore rsPref;

private static final String REC_STORE_TODO "TodoList";

private static final String REC_STORE_PREF "TodoPrefs™;

private boolean flagSortByPriority = false, // Sort by priority?
flagShowPriority = true; // Show priorities ?

// Read from a specified byte array

private ByteArraylnputStream istrmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream istrmDataType = null;

// 1f you change length of a todo entry, bump this
byte[] recData = new byte[25];

// Write data into an internal byte array
ByteArrayOutputStream ostrmBytes = null;

// Write Java data types into the above byte array
DataOutputStream ostrmDataType = null;

// Record Enumerator and compare class
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private RecordEnumeration enum = null;
private Comparatorint comp = null;

public TodoMIDlIet()
{
display = Display.getDisplay(this);
// Create "main” and "add todo item" forms
// Form for setting prefs is in commandAction()
fmMain = new Form(*'Todo List™);
fmAdd = new FormAdd(**Add Todo™, this);

// Todo list and vector
cgTodo = new ChoiceGroup("""*, Choice.MULTIPLE);
vecTodo = new Vector();

// Commands
cmAdd = new Command(*'Add Todo', Command.SCREEN, 2);

cmPrefs = new Command("'Preferences’™, Command.SCREEN, 3);

cmExit = new Command("Exit', Command.EXIT, 1);

// Add all to form and listen for events
fmMain.addCommand(cmAdd) ;
fmMain.addCommand(cmPrefs);
fmMain.addCommand(cmExit);
fmMain.append(cgTodo) ;
fmMain.setCommandListener(this);
fmMain.setltemStatelListener(this);

// Create a display manager object
displayMgr = new DisplayManager(display, fmMain);

// Open/create the record stores
rsTodo openRecStore(REC_STORE_TODO);
rsPref = openRecStore(REC_STORE_PREF);

// Initialize the streams
initlnputStreams();
initOutputStreams();

// Read preferences from rms
refreshPreferences();

// Initialize the enumeration for todo rms
initEnumeration();

// Read rms into vector
writeRMS2Vector();

// Build the todo list (choice group)
rebuildTodoList();
}

* Show the main Form
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public void startApp O

{
display.setCurrent(fmMain);

public void destroyApp (boolean unconditional)
{
// Cleanup for enumerator
if (comp = null)
comp.comparelntClose();
if (enum = null)
enum.destroy();

// Cleanup streams
try
{
if (istrmDataType != null)
istrmDataType.close();
if (istrmBytes I= null)
istrmBytes.close();
if (ostrmbDataType != null)
ostrmDataType.close();
if (ostrmBytes != null)
ostrmBytes.close();

catch (Exception e)

db(e.toString());
by
// Cleanup rms
closeRecStore(rmsTodo) ;
closeRecStore(rmsPref);

private void initlnputStreams()

{

istrmBytes = new ByteArraylnputStream(recData);
istrmDataType = new DatalnputStream(istrmBytes);

}

private void initOutputStreams()
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{
ostrmBytes = new ByteArrayOutputStream();

ostrmDataType = new DataOutputStream(ostrmBytes);
}

* Initialize enumeration for todo rms

private void initEnumeration()

{

// Are we to bother with sorting?
if (flagSortByPriority)
comp = new Comparatorint();
else
// We must set this to null to clear out
// any previous setting
comp = null;
try
{

enum = rsTodo.enumerateRecords(null, comp, false);
catch (Exception e)

db(e.toString());

private RecordStore openRecStore(String name)

{
try

// Open the Record Store, creating it if necessary
return RecordStore.openRecordStore(name, true);

catch (Exception e)

db(e.toString());
return null;

private void closeRecStore(RecordStore rs)

{
try

{

rs.closeRecordStore();
}
catch (Exception e)

db(e.toString());
3
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o
* Delete a record store
K o e ———,—,———_————— */
private void deleteRecStore(String name)
{

try

{

RecordStore.deleteRecordStore(name);
catch (Exception e)

db(e.toString());

}
}
o
* Write new todo item
* - Write a new record into the rms
* - Write a new item into the vector
* - Recreate the vector from the rms (which will
* use the proper sort (using rms enumeration)
* - Rebuild todo list from vector
K e e ————,——,——_————— */
protected void addTodoltem(int priority, String text)
{
try
{

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
ostrmBytes.reset();

// Write priority and todo text
ostrmDataType.writelnt(priority);
ostrmDataType.writeUTF(text);

// Clear any buffered data
ostrmDataType.Fflush();

// Get stream data into byte array and write record
byte[] record = ostrmBytes.toByteArray();
int recordld = rsTodo.addRecord(record, 0, record.length);
// Create a new Todo item and insert it into our Vector
Todoltem item = new Todoltem(priority, text, recordld);
vecTodo.addElement(item);

catch (Exception e)

db(e.toString());
3

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
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rebuildTodoList();
b

protected void savePreferences(boolean sort, boolean showSort)
{
// No changes we made
if (sort == flagSortByPriority && showSort == flagShowPriority)
return;
// Save the current sort status
boolean previouslySorted = flagSortByPriority;
boolean previouslyShowPriority = flagShowPriority;

try

{
// Update prefs in private variables
flagSortByPriority = sort;
flagShowPriority = showSort;

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
ostrmBytes.reset();

// Write the sort order and keep completed flags
ostrmDataType.writeBoolean(flagSortByPriority);
ostrmDataType.writeBoolean(flagShowPriority);

// Clear any buffered data

ostrmDataType.flush();

// Get stream data into byte array and write record
byte[] record = ostrmBytes.toByteArray();

// Always write preferences at first record

// We cannot request to set the first record unless

// the record store has contents.

// 1f empty => add a record

// 1f not => overwrite the first record

if (rsPref.getNumRecords() == 0)
rsPref.addRecord(record, 0, record.length);

else
rsPref_setRecord(l, record, 0, record.length);

catch (Exception e)

db(e.toString());
3

// 1f the sort order was changed, rebuild enumeration
if (previouslySorted !'= flagSortByPriority)
initEnumeration();

// 1f we are going from non-sorted to sorted

// or changing whether or not to show priority
// then we must update what"s currently displayed
if ((IpreviouslySorted && flagSortByPriority) ||
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(previouslyShowPriority != flagShowPriority))

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
rebuildTodoList();

private void refreshPreferences()
{
try
{
// Record store is empty
if (rsPref_getNumRecords() == 0)
{
// Write into the store the default preferences
savePreferences(flagSortByPriority, flagShowPriority);
return;

}

// Reset input back to the beginning
istrmBytes.reset();

// Read configuration data stored in the first record
rsPref._getRecord(l, recData, 0);

flagSortByPriority = istrmDataType.readBoolean();
flagShowPriority = istrmDataType.readBoolean();

System.out.printIn(*'Sort: + flagSortByPriority);
System.out.printIn(*'Show: " + flagShowPriority);

catch (Exception e)

db(e.toString());

private void writeRMS2Vector()
{

// Cleanout the vector
vecTodo.removeAllElements();

try
{

// Rebuild enumeration for any changes
enum.rebuild();

while (enum.hasNextElement())
{
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}

// Reset input back to the beginning
istrmBytes.reset();

// Get data into the byte array
int id = enum.nextRecordld();
rsTodo.getRecord(id, recData, 0);

// Create a new Todo item and insert it into our Vector
Todoltem item = new Todoltem(istrmDataType.readlnt(),

istrmDataType.readUTF(), id);
vecTodo.addElement(item);

catch (Exception e)

db(e.toString());

private void writeVector2RMS()

{
try

byte[] record;

for (int 1 = 0; 1 < vecTodo.size(); i++)

{

}
}

Todoltem item (Todoltem) vecTodo.elementAt(i);
int priority = item.getPriority();
String text = item.getText();

// Toss any data in the internal array so writes
// starts at beginning (of the internal array)
ostrmBytes.reset();

// Write priority and todo text
ostrmDataType.writelnt(priority);
ostrmDataType.writeUTF(text);

// Clear any buffered data
ostrmDataType.Fflush();

// Get stream data into byte array and write record
record = ostrmBytes.toByteArray();
rsTodo.addRecord(record, 0, record.length);

catch (Exception e)

db(e.toString());

}
}



* Rebuild todo list (ChoiceGroup) from the Vector
protected void rebuildTodoList()

// Clear out the ChoiceGroup.
for (int i = cgTodo.size(); i > 0; i--)
cgTodo.delete(i - 1);

Todoltem item;
int priority;
String text;
StringBuffer sb;

for (int 1 = 0; 1 < vecTodo.size(); i++)
{

// Get a todo item from vector

item = (Todoltem) vecTodo.elementAt(i);

// Read values from todoitem class
priority = item.getPriority();
text = item.getText();

// Are we are to show priority as part of the text?
sb = new StringBuffer((flagShowPriority ?

(Integer.toString(priority) + "-"):

sb.append(text);
// Append to todo choicegroup
cgTodo.append(sb.toString(), null);

* This method is called when a todo item has been
* selected in the choicegroup. We treat this as
* a request to delete the item

public void itemStateChanged(ltem item)
{

ChoiceGroup cg;

// Cast the item to a ChoiceGroup type
cg = (ChoiceGroup) item;

// Create an array that mirrors the ChoiceGroup
// and populate with those items selected
boolean selected[] = new boolean[cg.size()];
cg.getSelectedFlags(selected);

// Unfortunately, there is no (easy) way to determine
// which item in the choiceGroup was "clicked" to
// initiate this event. The best we can do is look at

// each entry and determine its current selection state

// For each element, see i1f it is selected

// 1T so, delete it. Once we have found a selected
// item, we can exit - there will never be more than
// one item selected at any time
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for (int i = 0; i < cg.size(); i++)

if (selected[i])
{
// Get the record id from the todoltem
// and delete record from rms
Todoltem todoitem = (Todoltem) vecTodo.elementAt(i);
try
{
rsTodo.deleteRecord(todoitem.getRecordld());

catch (Exception e)

db(e.toString());
}
break;
3
}

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
rebuildTodoList();

public void commandAction(Command c, Displayable d)

{
if (c == cmExit)

destroyApp(false);
notifyDestroyed();
}

else

{
if (c == cmAdd)

// Reset the textfield and choicegroup

// on the "add todo® form
fmAdd.tfTodo.setString(*""");
fmAdd.cgPriority.setSelectedlndex(0, true);

// Push current displayable and activate "add todo® form
displayMgr.pushDisplayable(fmAdd);

else if (c == cmPrefs)

boolean flags[] = {flagSortByPriority, flagShowPriority};
// Push current displayable and show preferences form
// passing in current preference settings
displayMgr.pushDisplayable(new FormPrefs(*'Preferences",
this, flags));



/)
* Simple message to console for debug/errors

K o e ———,—,———_————— */
private void db(String str)

{

System.err._printIn("'Msg: " + str);

}
}

Example 12.2 Comparatorint.java

Comparatorlint. java

I

| i o

| Sorts rms records based on todo item priority
| Provides compare() method for RecordEnumerator
I
I
*

Supporting class for todoMIDlet

import java.io.*;
import javax.microedition.rms.*;

public class Comparatorint implements RecordComparator

{
private byte[] record = new byte[10];

// Read from a specified byte array
private ByteArraylnputStream strmBytes = null;

// Read Java data types from the above byte array
private DatalnputStream strmDataType = null;
public void comparelntClose()
{
try
{
if (strmBytes != null)
strmBytes.close();
if (strmDataType != null)
strmDataType.close();

catch (Exception e)

O
}
public int compare(byte[] recl, byte[] rec2)
{

int x1, x2;

try

{

// 1T either record is larger than our buffer, reallocate
int maxsize = Math.max(recl.length, rec2.length);
if (maxsize > record.length)

record = new byte[maxsize];
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// Read record #1

// We want the priority which is first "field"”
strmBytes = new ByteArraylnputStream(recl);
strmDataType = new DatalnputStream(strmBytes);
x1 = strmDataType.readIlnt();

// Read record #2

strmBytes = new ByteArraylnputStream(rec2);
strmDataType = new DatalnputStream(strmBytes);
x2 = strmDataType.readlnt();

// Compare record #1 and #2
if (x1 == x2)
return RecordComparator.EQUIVALENT;
else if (x1 < x2)
return RecordComparator.PRECEDES;
else
return RecordComparator.FOLLOWS;
}

catch (Exception e)

{

}
}
}

return RecordComparator_ EQUIVALENT;

Example 12.3 FormAdd.java

| FormAdd.java

| Form for adding new todoitems

i Supporting class for TodoMIDlet
import javax.microedition.lcdui.*;

public class FormAdd extends Form implements CommandListener

{

private Command cmBack,

cmSave;
protected TextField tfTodo;
protected ChoiceGroup cgPriority;
private TodoMIDlet midlet;

public FormAdd(String title, TodoMIDlet midlet)
{

// Call the Form constructor
super(title);

// Save reference to MIDlet so we can access
// the display manager class and rms
this.midlet = midlet;

// Commands

345



}

}

cmSave = new Command(*'Save', Command.SCREEN, 1);

cmBack = new Command(*'Back', Command.BACK, 2);

// Create textfield for entering todo items

tfTodo = new TextField(*'Todo"™, null, 15, TextField.ANY);

// Create choicegroup and append options (no images)
cgPriority = new ChoiceGroup("Priority", Choice.EXCLUSIVE);
cgPriority.append(*'Today', null);
cgPriority.append(**Tomorrow™, null);
cgPriority.append("This Week'™, null);
cgPriority.append(""This Month™, null);
cgPriority.append(*'Someday", null);

// Add stuff to form and listen for events
addCommand(cmSave) ;

addCommand(cmBack) ;

append(tfTodo);

append(cgPriority);
setCommandListener(this);

public void commandAction(Command c, Displayable s)

{

}

if (c == cmSave)

{
// Add a new todo item
// Notice we bump priority by 1. This is because the
// choicegroup entries start at zero. We would like
// the records in the rms to store priorities starting
// at 1. Thus, if a user requests to display priorities
// on the todo list, the highest priority is 1 (not zero)
midlet.addTodoltem(cgPriority.getSelectedindex() + 1,

tfTodo.getString());
}

// Any other event and we go back to the main form...
// Pop the last displayable off the stack
midlet.displayMgr.popDisplayable();

Example 12.4 FormPrefs.java

| FormPrefs.java

*
1

Form for specifying user preferences

Supporting class for TodoMIDlet

mport javax.microedition.lcdui.*;

public class FormPrefs extends Form implements CommandListener

{

private Command cmBack,

cmSave;
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private TodoMIDlet midlet;
private ChoiceGroup cgPrefs;

public FormPrefs(String title, TodoMIDlet midlet, boolean flags[])
{

// Call the Form constructor

super(title);

// Save reference to MIDlet so we can access
// the display manager class and rms
this.midlet = midlet;

// Commands
cmSave = new Command(*'Save', Command.SCREEN, 1);
cmBack = new Command(*'Back', Command.BACK, 2);

// Choicegroup for sort order and showing priority
cgPrefs = new ChoiceGroup(*'Preferences”™, Choice_ MULTIPLE);
cgPrefs._append(*'Sort by Priority"”, null);
cgPrefs.append(*'Show Priority"”, null);

// Set the current status of each entry
cgPrefs._setSelectedFlags(flags);

// Add to form and listen for events
append(cgPrefs);

addCommand(cmBack) ;
addCommand(cmSave) ;
setCommandListener(this);

public void commandAction(Command c, Displayable s)

{

if (c == cmSave)

// Save the preferences
midlet.savePreferences(cgPrefs. isSelected(0),
cgPrefs.isSelected(1));

// Any other event and we go back to the main form...
// Pop the last displayable off the stack
midlet.displayMgr.popDisplayable();
b
b

Example 12.5 Todoltem.java

| Todoltem.java

I

| Holds data/methods for a single todo item
| Supporting class for TodoMIDlet

*

public class Todoltem

{
private int priority;
private String text;
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private int recordld;

public Todoltem(int priority, String text, int recordld)
{

this.priority = priority;

this.text = text;

this.recordld = recordld;

}

public int getPriority()

{ return priority;

%ublic void setPriority(int priority)

this.priority = priority;

}
public String getText()
{

return text;

}

public void setText(String text)

{
this.text = text;

}

public int getRecordld()
{

return recordld;

}
}

Example 12.6 DisplayManager.java

*
* public void pushDisplayable(Displayable)
* public void popDisplayable()

* public void home()

*

_________________________________________________ */
import javax.microedition.lcdui.*;

import java.util.*;

public class DisplayManager extends Stack

{ private Display display; // Reference to Display object

private Displayable mainDisplayable; // Main displayable
private Alert alStackError; // Alert for error conditions

public DisplayManager(Display display,
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Displayable mainDisplayable)

// Only one display object per midlet, this is it
this.display = display;
this.mainDisplayable = mainDisplayable;

// Create an alert displayed when an error occurs
alStackError = new Alert("'Displayable Stack Error');
alStackError._setTimeout(Alert_FOREVER); // Modal

* Push the current displayable onto stack and set
* the passed in displayable as active

public void pushDisplayable(Displayable newDisplayable)
{
push(display.getCurrent());
display.setCurrent(newDisplayable);

public void home()

while (elementCount > 1)
popQ);
display.setCurrent(mainDisplayable);
}

public void popDisplayable()

// 1f the stack is not empty, pop next displayable
if (empty() == false)
display.setCurrent((Displayable) pop());
else
// On error show an alert
// Once acknowldeged, set "mainDisplayable® as active
display.setCurrent(alStackError, mainDisplayable);
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Chapter 13. SCHEDULING TASKS

Topicsin this Chapter

Timer

TimerTask

Example: Timer Template

Example: Todo MIDIet Part |I—Delay Timer
Example: Animation with Timer/TimerTask

Javaversion 1.3 added two classes— Timer and TimerTask —to facilitate running of tasksin a
background thread. Included as part of the Timer are an abundance of scheduling options, ranging
from running atask once to repeating atask at regular intervals. It is surprisingly easy to use these
classes. The only trick isto get your hands around the scheduling methods, deciding whichis
appropriate for your application.

The general concept is quite straightforward. We have atimer and atask. The timer specifieswhen a
task is to be executed and the task is what isto be done. For example, we may have timer that "goes
off" every second. The task updates a clock.

The classes Timer and TimerTask work hand-in-hand. One cannot exist without the other. If we
toss out all the fluff, it comes down to the following:

Timer class: Scheduling when atask will occur

TimerTask class. Performing atask

Timer

There are six scheduling methods available in the Timer class. This may seem alittle excessive, but
each has aclearly defined purpose and once we walk through the specifics, you'll understand why
thereis such an abundance of options.

Scheduling One-Time Tasks
Let's start with two very simple ways to schedule a task:
1. Execute atask after a specific number of milliseconds
public void schedule (TimerTask task, long delay)
2. Executeatask at a specific date

public void schedule (TimerTask task, Date time)
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Each of these timers executes atask just once. For the first case, this might be used as a countdown
timer. For example, if you want to be notified 20 minutes from the current time (e.g., when your
brownies need to come out of the oven), this timer would work just fine. However, if you need to be
notified at a specific time in the future, such as this Thursday at 1 p.m., you would opt for the second
case.

Scheduling Repeating Tasks

There are four remaining methods; each is adifferent variation for scheduling repeating tasks. We
have two general types:

1. Fixed-delay: Each execution of atask is based solely on how long it was since the previous
task finished.

Let's say we create atimer that isto run atask every 60 seconds. In a perfect world, the task
will run, as requested, every minute. Here's the downfall: If the timer is delayed, the
execution of the task will also be delayed. For example, if the Java garbage collector happens
to run in between tasks, it may be more than 60 seconds before the next task is executed.
Oncethe task isrun, it will be another 60 seconds (at a minimum) before an additional task
can occur. This ends up creating a cascading effect.

Y ou can imagine that if such atimer were used to execute a task updating a clock, the
accuracy of the clock would be suspect. The longer the clock runs, the more inaccurate it may
become.

These timers are well-suited to tasks where consistency is more important than accuracy.
During a game when moving images around on the screen, we would be more concerned with
the smoothness of the image movement than the actual time at which one task (move)
finished and another task (move) started.

2. Fixed-rate: Each execution of atask is based on when the first task started and the requested
delay between tasks.

Let's create the same timer as earlier, one that isto execute atask every 60 seconds. If more
than one minute goes by before the system can execute the task, there will be repeated callsto
the task to "catch up” for any lost time.

These timers are best when accuracy is very important. For example, if atask needs to occur
every hour on the hour, this type of scheduling would be preferred.

Y ou choose either fixed-rate or fixed-delay to establish how repeated tasks are managed. What has not
been addressed is when does the first task occur, for either fixed-rate or fixed-delay.

A reasonable guess, based on the options we have for one-time tasks, is that the first task is executed
either at a specific time in the future or after a specific number of milliseconds have elapsed. Thisis
exactly right.

Here's aquick summary of the logic behind each of the remaining four methods for scheduling tasks:
1. Fixed-delay that startsin "n" number of milliseconds

2. Fixed-delay that starts at a specific date
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3. Fixed-rate that startsin "n" number of milliseconds
4. Fixed-rate that starts at a specific date

If al thisseemsalittle fuzzy, refer to Figure 13-1. | have created a hierarchy of sortsto help decide
which scheduling method is most suitable. Start at the top of the chart and head either left or right
based on when you would like the first task to be executed. From there, choose whether it is a onetime,
fixed-delay or fixed-rate task(s).

Figure 13-1. Six options for scheduling tasks

When 1o Stan the First Task

Execute first
task after specific Execute first task at
number a specific date

of milliseconds

One Time Fixed-Delay Fixed-Rate One Time Fixed-Delay Fixed-Rate
1 2 3 4 5 &

1. schedule|TimerTask task, long delay)
1. schedule{TimerTask task, long delay, long pericd)

3. scheduleatFixedRate (TimerTask task, long delay, long
pariod)

4, achedula{TimerTask task, Date time)
5, schedule(TimerTask task, Date firstTime, long period)

6. scheduleAtFixedRate (TimerTask task, Date firstTims, long
period)

If we choose a repeating schedule (2, 3, 5 or 6), the time between repeated tasks is always specified in
milliseconds, which is represented by the variable period shown above.

Timer API
Table 13.1. Timer Class: java.utli.Timer

| Method | Description

\Constructors |

Timer() Create timer

M ethods

void cancel() Ends the timer and any scheduled tasks

void schedule(TimerTask task, long delay) Schedule atask to occur after adelay

void schedule(TimerTask task, long delay, long period)  [Schedule a fixed-delay repeating task that
starts after adelay

void scheduleAtFixedRate(TimerTask task, long delay, [Schedule afixed-rate repeating task that

long period) starts after adelay

void schedule(TimerTask task, Date time) Schedule a task to occur on specific date
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void schedule(TimerTask task, Date firstTime, long Schedule a fixed-delay repeating task that
period) starts on specific date

void scheduleAtFixedRate(TimerTask task, Date Schedule fixed-rate repeating task that
firstTime, long period) starts on specific date

TimerTask

Now that we know how to schedule atask, let's take a closer look inside a task. Observe that each of
the scheduling methods has as the first parameter areference to aTimerTask object. The
TimerTask class has just three methods, not including the constructor:

abstract void run(Q)
public boolean cancel()
public long scheduledExecutionTime()

The run() method is abstract, meaning there is no body to this method inside the TimerTask class.
This is where we write the code that actually carries out whatever it isthistask isto provide. Hereisa
glimpse at the TimerTask classasit isdefined in MID:

public abstract class TimerTask implements Runnable

{

-bﬁblic abstract void run();
}

To create atask that will be called by atimer, extend TimerTask and write the body of code for the
run() method.

Putting the Pieces Together
There are three steps to make all thiswork.

1. CreateaTimer with the appropriate scheduling option
2. Create aclassthat extends TimerTask
3. Writethe run() method inside the above class

Here's ablock of code that creates a Timer that will execute atask after 1,000 milliseconds has
elapsed.

// Allocate a timer
Timer tm = new Timer();

// Allocate a task
TodoTask tt = new TodoTask();

// Schedule the timer to execute in 1000 milliseconds
tm.schedule(tt, 1000);
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private class TodoTask extends TimerTask

{

public final void run()

{

do something.....

}
}

TimerTask API

Table 13.2. TimerTask Class: java.util.TimerTask

Method Description
Constructors
Timer Task() Create timer task
Methods
boolean cancel() End the task
abstract void run() Place code in this method to carry out the action of the task
long scheduledExecutionTime()  (Time when the last run task was scheduled to occur

Example: Timer Template

Example 13.1 is about as humdrum aMIDlet as you'll ever write. However, it provides a helpful
template that shows how simpleit isto create atimer and the associated task, regardless of which
scheduling option you need.

Thelogic issimple: Create atimer using one of the six scheduling methods and print a message on a
form when the task isrun. That'sit.

Example 13.1 TimerTemplate.java

| TimerTemplate.java

| Test all six Timer scheduling options

import java.util._*;
import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;

public class TimerTemplate extends MIDlet implements CommandListener

{

private Display display; // Our display
private Form fmMain; // Main form
private Command cmEXit; // Exit midlet
private Command cmStop; // Stop the timer
private Timer tm; // Timer
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private TestTimerTask tt; // Task
private int count = 0; // How many times has task run

public TimerTemplate()

{
display = Display.getDisplay(this);
// Create main form
fmMain = new Form(*'Timer Test');
fmMain._.append('waiting...\n"");

// Create commands and add to form

cmExit = new Command("Exit", Command.EXIT, 1);
cmStop = new Command(*'Stop', Command.STOP, 2);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmStop);
fmMain.setCommandListener(this);

// Option #1 - One time task with delayed start
// Create a timer that will go off in 5 seconds

tm = new Timer();
tt = new TestTimerTask();
tm.schedule(tt, 5000);

// Option #2 - Fixed-delay repeating task with delayed start
// Create a timer that will go off in 5 seconds
// Repeating every 3 seconds

//
//
//

//
//

//
//

tm = new Timer();

tt = new TestTimerTask();

tm.schedule(tt, 5000, 3000);
[

// Option #3 - Fixed-rate repeating task with delayed start

// Create a timer that will go off in 5 seconds
// Repeating every 3 seconds

/)=
tm = new Timer();
tt = new TestTimerTask();
tm.scheduleAtFixedRate(tt, 5000, 3000);
/)=

// Option #4 - One time task at specified date
// Create timer that starts at current date

/Yy
tm = new Timer();
tt = new TestTimerTask();
tm.schedule(tt, new Date());

/Yy - e

// Option #5 - Fixed-delay repeating task starting
// at a specified date

// Create timer that starts at current date

// Repeating every 3 seconds



// tm = new Timer();
// tt = new TestTimerTask();
// tm.schedule(tt, new Date(), 3000);

/)=
// Option #6 - Fixed-rate repeating task starting
// at a specified date

// Create timer that starts at current date
// Repeating every 3 seconds

// tm = new Timer();
// tt = new TestTimerTask();
// tm.scheduleAtFixedRate(tt, new Date(), 3000);

}

public void startApp O

{
display.setCurrent(fmMain);

}

public void commandAction(Command c, Displayable d)

{
if (c == cmStop)

{
tm.cancel();
else if (c == cmExit)

{
destroyApp(false);

notifyDestroyed();

private class TestTimerTask extends TimerTask

public final void run()

356



{

fmMain.append("'run count: " + ++count + '\n"");
}
}
}
To test al six scheduling options you will need to add comment delimiters (/) to one block and

remove them from another, compile, pre-verify and re-run. Figure 13—2 shows the output for a one-
time task that was started after a 5-second delay (Option #1 from the code).

Figure 13-2. One-time task started with a delay

Unless something unusual occurs, or you have an amazing eye for accuracy, you won't notice a
difference when running a fixed-rate versus a fixed-delay repeated task. Thisisfine, asit is not the
intention. Instead, you now have a starting point for writing any type of scheduled timer and task.
Figure 133 shows the output this MIDlet with a repeating task.

Figure 13-3. Repeating task

run count: 1
run count: 2




Example: Todo List MIDlet Part [I—Delay Timer

In Chapter 12 we created atodo list MIDlet that gave us options to add, delete and sort items. If you
took the time to compile and run the MIDlet you noticed when you deleted an item, it immediately
disappeared from the list. There was no delay or warning, it was just gone. It leaves you with a"what
the heck just happened?' kind of feeling.

To provide a little more reassurance when removing items, this example will add a few seconds of
delay before updating the display. Figure 13-4 shows the todo list prior to deleting an item.

Figure 13-4. Todo list before removing an item

On the left screen shot in Figure 13-5 is the screen that appears during the timer delay. Notice the
check ("X") by the item that was selected (to be deleted). The reason we can see this"X" hasto do

with how we apply the timer.

Figure 13-5. Item to delete is selected (on left) and the new list (on right)

T )
Todo List

When a user selects an item to delete, the method i temStateChanged() iscaled. In thefirst
version of the todo MIDlet (Chapter 12) thisis where we deleted the item from the choicegroup. We
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then re-built the choicegroup without the item before the list was re-displayed. Therefore, the "X
never had a chance to be seen.

For this version the method i temstateChanged() has been modified to keep areference to the
item that initiated the event and to start atimer; we do not delete anything at this point.

public void itemStateChanged(ltem item)

{
// Save the item

// We use this in run() of the timer task
deletedltem = item;

// Create a timer that will go off in 2000 milliseconds
tm = new Timer();

tt = new TodoTask();

tm.schedule(tt, 2000);

}

While waiting for the timer to start the task, the item selected in the choicegroup will appear as
checked ("X"). See the screen-shot on the left in Figure 13-5. When the timer starts the task it will call
the run() method in the TodoTask class. Here the item will be deleted from the record store. Well
then proceed to re-build the vector from the record store and re-build the choicegroup (todo list) from
the vector. See Chapter 12 for specifics about the data design of the MIDlet.

public final void run()

{

-}} ChoiceGroup selected values
cg.getSelectedFlags(selected);
for (int i = 0; 1 < cg-size(); i++)
{
// 1 we found the entry that was selected
ifT (selected[i])
{

Todoltem todoltem = (Todoltem) vecTodo.elementAt(i);
// Delete from the record store
rsTodo.deleteRecord(todoitem.getRecordld());

}

ks

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
rebuildTodoList();

}

The new todo list appears on the right of Figure 13-5. The pause that was added gives a nice effect.
The item to delete appears on the display as checked ("X"), then shortly thereafter (approximately 2
seconds) it is removed.

Example 13.2 TodoMIDet.java
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Note: | have not included the entire source code. Follow the steps below to update the todo MIDIet
written in Chapter 12.

1) Add to

the declarations section

private Timer tm;
private TodoTask tt;
private ltem deletedltem;

2) New itemStateChanged() method

public void itemStateChanged(ltem item)
{

// Save the item

// We use this in run() of the timer task
deletedltem = item;

// Create a timer that will go off in 2000 milliseconds
tm = new Timer();

tt = new TodoTask();

tm.schedule(tt,2000);

}
3) Add the following class inside the TodoMIDlet class

private class TodoTask extends TimerTask

public final void run()

{

ChoiceGroup cg;

// Cast the deleted Item to a ChoiceGroup type
// See itemStateChanged()
cg = (ChoiceGroup) deletedltem;

// Create an array that mirrors the ChoiceGroup
// and populate with those items selected
boolean selected[] = new boolean[cg.-size()];
cg.getSelectedFlags(selected);

// Unfortunately, there is no (easy) way to determine
// which item in the choiceGroup was "clicked" to

// initiate this event. The best we can do is look at
// each entry and determine its current selection state

// For each element, see i1f it is selected

// 1T so, delete it. Once we have found a selected
// item, we can exit - there will never be more than
// one item selected at any time

for (int i = 0; i < cg.size(); i++)

if (selected[i])
// Get the record id from the todoltem

// and delete record from rms
Todoltem todoitem = (Todoltem) vecTodo.elementAt(i);
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try

{
rsTodo.deleteRecord(todoitem.getRecordld());

catch (Exception e)

db(e.toString());
}

break;

}

// Read rms into vector
writeRMS2Vector();

// Rebuild todo list
rebuildTodoList();

Example: Animation with Timer/TimerTask

There are two generd classifications of timers: those that execute atask one time and those that
generate repeating tasks. Example 13.3 will schedule atimer to call arepeating task to move a ball
around on aCanvas.

Whenever the timer interval has elapsed the task will change the position of the ball. Once the ball
reaches an edge (top, bottom, left or right), it will bounce off in a different direction. To make it
obvious when this occurs, the ball color will aso be changed.

The following game actions (see Chapter 9) will be avail able to change the animation:

e Right will increase the size of the ball.

o Left will decrease the size of the ball.

e Fireresetsthe animation, clearing the background and changing the ball direction. The ball
size will not be changed. This allows a user to restart and see how varying the ball size
changes the animation.

Once the ball has changed directions "n" number of times (the default is 50), the screen will be cleared
and the animation restarted. This gives a screen saver effect, which is niceif you leave it running on
the device.

Each time the MIDlet is run (or re-started), a new trgjectory (ball direction) will be randomly
generated. Without this, the program would always display the same pattern.

Example 13.3 Animation.java

/
* Animation. java
*
*
*

Demonstrate simple animation using
a Timer and TimerTask
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import java.util.*;
import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;

public class Animation extends MIDlet

{

private Display display; // The display
private AnimationCanvas canvas; // Canvas
private Timer tm; // Timer
private AnimateTimerTask tt; // Task
public Animation()
{

display = Display.getDisplay(this);

canvas = new AnimationCanvas(this);

// Create and task that fires off every 1/10 second
tm = new Timer();

tt = new AnimateTimerTask(canvas);

tm.schedule(tt, 0, 100);

}

protected void startApp()
{

display.setCurrent(canvas);

protected void pauseApp()
{7}

protected void destroyApp(boolean unconditional)

{3}

public void exitMiDlet()

{
destroyApp(true);
notifyDestroyed();
3
3
)
* AnimationCanvas. java
*
* Show a ball that bounces around on a canvas
* Each time we hit a wall we change the ball color
* We also clear the screen after "n" number of
* hits against the wall
* The "left" and "right" keys change the ball size
* The "Fire" key resets the display, however,
* it leaves the ball size the same.
*

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import java.util.*;
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class AnimationCanvas extends Canvas implements CommandListener

{

private Animation midlet; // Main midlet
private Command cmEXit; // Exit midlet
private int keyFire, // Reset ball
keyRight, // Increase ball radius
keyLeft; // Decrease ball radius
private boolean clearBackground = false; // Clear background
private Random random; // Random number
int x_loc, // Current x & y locations
y loc,
radius, // Ball radius
red, // rgb colors
green,
blue,
x_dir, // Next x & y positions of ball
y_dir,
start_x, // Where ball starts
start_y,

directionChanged
private static final

0; // How many times we"ve hit a wall
nt MAX_CHANGES = 50;

public AnimationCanvas(Animation midlet)

{

// Save reference to main midlet
this.midlet = midlet;

random = new java.util.Random();

// Determine starting location and direction of ball
initQ;
radius = 7;

// Create exit command and "Fire" key
cmExit = new Command("Exit", Command.EXIT, 1);

keyFire = getKeyCode(FIRE);
keyRight = getKeyCode(RIGHT);
keyLeft = getKeyCode(LEFT);

addCommand(cmExit);
setCommandListener(this);

protected void paint(Graphics @)

{
// Nax edge hits, reset everything

if (directionChanged > MAX_CHANGES)
initQ;

// Clear the background
if (clearBackground)
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{
g.setColor (255, 255, 255);

g-fillRect(0, 0, getWidth(), getHeight());
clearBackground = !clearBackground;
3
// Set color and draw another ball
g-setColor(red, green, blue);
g-fFillArc( x_loc, y loc, radius, radius, 0, 360);
}

private void init(Q)

{
// Start close to the middle
x_loc getWidth() 7 2;

y:Ioc getHeight() 7 2;

// The direction the ball is heading
x_dir = (random.nextInt() % 10);
ifT (x_dir == 0) x_dir = 1;

y dir = (random.nextint() % 10);
if (y_dir == 0) vy dir = 1;

directionChanged = 0;
clearBackground = true;
changeColor();

* Change the colors.
I am counting on the implemention to substitute
a use-able color if any of these are out of the
devices supported range

*
*
protected void changeColor()
{

// The shift is to remove any sign (negative) bit
red = (random.nextint() >>> 1) % 256;

green = (random.nextInt() >>> 1) % 256;

blue = (random.nextInt() >>> 1) % 256;

}

)
* Event handling

K e, _—————— */
public void commandAction(Command c, Displayable d)
{

if (c == cmExit)
midlet.exitMIDlet();

* Reset ball is "Fire" key is pressed

protected void keyPressed(int keyCode)
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*
*
*
*
*
i

// Restart
if (keyCode == keyFire)
initQ;
// Decrease ball size
else if (keyCode == keylLeft)
radius = Math.max(1, --radius);
else if (keyCode == keyRight)
// Increase ball size
radius = Math.min(getWidth() / 4, ++radius);

AnimateTimerTask. java

Change the location of bouncing ball
on the canvas

mport java.util.*;

class AnimateTimerTask extends TimerTask

{

private AnimationCanvas canvas;

public AnimateTimerTask(AnimationCanvas canvas)

{
}

* Determine next location of the ball.
* IFf the ball reaches any edge, change the color
* Track how many times we"ve switced directions

this.canvas = canvas;

public final void run()
{
// 1T past the right edge or prior to left edge...
if ((canvas.x_loc + canvas.radius + canvas.x_dir >
canvas.getWidth(Q)) |1
(canvas.x_loc - canvas.radius + canvas.x_dir < 0))
{
canvas.x_dir = -canvas.x _dir;
canvas.changeColor();
canvas.directionChanged++;

}

// 1T past the bottom or before the top...
if ((canvas.y_loc + canvas.radius + canvas.y_dir >
canvas.getHeight()) ||
(canvas.y_loc - canvas.radius + canvas.y_dir < 0))

{

canvas.y dir = -canvas.y dir;

canvas.changeColor();

canvas.directionChanged++;

}

// Update the new x and y locations
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canvas.x_loc += canvas.x dir;
canvas.y_loc += canvas.y_dir;

canvas.repaint();

}
}

It should be no surprise that the mgjority of the code for this MIDIet isin the canvas and the task. The
MIDlet itself does little more than create the canvas, timer and task. Here is the bulk of the code:

//Constructor for the MIDlet
public Animation()
{
display = Display.getDisplay(this);
canvas = new AnimationCanvas(this);
// Create and task that fires off every 1/10 second
tm = new Timer();
tt = new AnimateTimerTask(canvas);
tm.schedule(tt, 0, 100);

}

Before we look at how to move the ball, let's see what occurs each time atask is run. Inside the run()
method of the class AnimateTimerTask we determine the next location of the ball. Before we can
update the location, we need to see if the ball is about to hit an edge. Thisis done by adding the

current location of the ball with the ball radius to see if any edge boundaries have been crossed.

// If past the right edge or prior to left edge...
iT ((canvas.x_loc + canvas.radius + canvas.x_dir >
canvas.getWidth(Q)) ||
(canvas.x_loc - canvas.radius + canvas.x_dir < 0))
{
canvas.x_dir = -canvas.x_dir;
canvas.changeColor();
canvas.directionChanged++;

}

// If past the bottom or before the top...
if ((canvas.y loc + canvas.radius + canvas.y dir >
canvas.getHeight()) ||
(canvas.y_loc - canvas.radius + canvas.y_dir < 0))
{
canvas.y dir = -canvas.y dir;
canvas.changeColor();
canvas.directionChanged++;

}

If any of these conditions are met, flip directions, request a change in the ball color and bump the
counter of how many edges have been hit. Before leaving, set the new x and y locations of the ball and
request the display to be repainted.

// Update the new x and y locations
canvas.x_loc += canvas.x_dir;
canvas.y loc += canvas.y dir;
canvas.repaint();
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Y ou can see that moving the ball is nothing more than adding an offset to the current x and y locations.
For example, given acurrent x_loc of 10 andacurrenty loc of 15,if x_diris3andy_diris5,
then:

new valueof x_loc 10+ 3 =13
new valueof y loc15+5=15

The only time this gets alittle weird is when you switch directions and are dealing with negative
valuesfor x_dir andy_dir. However, don't let that confuse you—the math and the logic are still
the same.

The canvas class is the real workhorse. It isresponsible for all event handling and painting of the
display. We've seen most of the code before. However, there are afew lines worth mentioning.

Inside the init() method we get both the starting x and y location of the ball, and determine the ball
direction.

private void init(Q)

{
// Start close to the middle
x_loc = getWidth() 7/ 2;
y_loc = getHeight() 7/ 2;

// The direction the ball is heading
x_dir = (random.nextInt() % 10);
if (x_dir == 0) x dir = 1;

y_dir = (random.nextInt() % 10);
it (y_dir == 0) vy dir = 1;

directionChanged = 0;
clearBackground = true;
changeColor();

}

The statement (random.nextInt() % 10) generatesarandom value for the x and y direction.
The mod operator (%) gives the remainder after dividing the random number by 10. This gives afina
valuein the range of -9 to +9. A value too large (or too small) will result in trying to draw the ball
outside the boundaries of the display.

Following is the method to change the ball color.

protected void changeColor()
{
// The shift is to remove any sign (negative) bit
red = (random.nextint() >>> 1) % 256;
green = (random.nextint() >>> 1) % 256;
blue = (random.nextint() >>> 1) % 256;

Color Support

367



To get the most bang for the buck this MIDlet needs to be run in color. If you are using
Sun's MIDP implementation, you can change the color support of the emulator as outlined
in the section "Create MIDP-HOME Environment Variable" in Chapter 4.

Once again, we use arandom number and the mod operator. This gives a number in the range of -255
to 255. The >>> operator isa convenient (and fast) way to remove the sign bit. It does aright shift,
moving a zero into the leftmost bit. The end result are color values between 0 and 255.

Figures 13-6 and 13—7 show several animation sequences created by this MIDlet.

Figure 13-6. Animation MIDlet
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Chapter 14. GENERIC CONNECTION FRAMEWORK

Topicsin this Chapter

e Connection Hierarchy
e HTTP Connection
Creating a Connection

Client Request

Server Response
Connection Information

Session Management with Java Servlets

O o0Oo0oOo0oo

Weighing in at nearly 200 kilobytes, the 100+ classes and interfaces in J2SE java.io and java.net will
exceed the resources available on many mobile devices. Beyond memory considerations, mobile
devices will span the gamut in support for network protocols and file systems. To provide an
extensible framework for i/o and networking, the GCF was devel oped.

The goal was not to devise acompletely new set of classes, but rather to provide a subset of J2SE that
is more in tune with the limitations and variations likely to be found on devices implementing MIDP.

Connection Hierarchy

The basic ideaisto have one class, the Connector, that can create any type of connection, file, http,
datagram, and so forth. The open method has the following form:

Connector .Open(*'protocol :address;parameters'™);
For example,

Connector .Open(*'http://www.some_web_address.com™);
Connector .Open(*'socket://someaddress:1234");

Connector .Open(*'file://testdata.txt™);

How the protocols are resolved is where the flexibility of the GCF comesinto play. At runtime,
Connector looks for the appropriate class that implements the requested protocol. Thisis done using
Class.forName(). A request to open aHTTP connection in 2ME (using Sun's implementation)
may look as follows:

Class.forName(*'com.sun.midp.io.j2me.http.Protocol);

If aclassisfound, an object is returned that implements a Connection interface. The Connector
classand Connection interfaces are defined in CLDC. Figure 14—1 shows the classes that make up
the Connection hierarchy, where each classis defined as an interface.

Figure 14-1. Connection hierarchy
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Generic Connection Framework - Class Hierarchy

Connection
{Interface)

InputConnection QOuitputConnaction DatagramConnection StreamConnectionMatifiar
{Interface) (Interfaca) {Imterfaca) (Intarfaca)

SireamConnection
(Interface)

From the top of the heirarchy

ContentConnection | 1o this point is defined/implemented
(Interface) In the CLOC Configuration
Frotocols are implemented at Profile level
HitpConnaction

The actual implementation of the protocol(s) is at the Profile level. For example, in MIDP 1.0 the
classHttpConnection supports a subset of HTTP version 1.1. Wi Figure 14-1, notice
HttpConnection extends ContentConnection andin turn provides over 20 methods for
working specifically with HTTP.

1] Implementations of MIDP 1.0 are required to provide support for HTTP. Implementations may choose to
offer other protocols.

Although DatagramConnection isincluded in the hierarchy, an implementation of MIDP is not
required to support this protocol. Well focuson HTTP, asit is the only requirement of MIDP.

Locating the Protocol Source Code
If you are using Sun's implementation of MIDP you can follow the path specified in the call
Class.forName(*'com.sun.midp.io.j2me.http.Protocol")

Here you will find the source code for the implementation of the HT TP protocol. Asan
example, on my system the full path trandlates to:

c:\j2me\midpl.0.3fcs\src\share\classes\com\sun\midp\io\
J2me\http\protocol. java

Before moving on, let's have a closer look at the definitions of the classes and methods in the GCF.
Hopefully thiswill provide some insight as you work through the examples that follow.

Connection (public abstract interface Connection)
public void close()
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InputConnection (public abstract interface InputConnection extends
Connection)
public InputStream openlnputStream()
public DatalnputStream openDatalnputStream()

OutputConnection (public abstract interface OutputConnection extends
Connection)

public OutputStream openOutputStream()

public DataOutputStream openDataOutputStream()

StreamConnection (public abstract interface StreamConnection
extends

InputConnection,OutputConnection)

ContentConnection (public abstract interface
ContentConnection extends Stream
Connection)
public long getLength()
public String getEncoding()
public String getType()

HttpConnection (public interface HttpConnection
extends ContentConnection)
20+ methods for communicating over HTTP

Connector (public class Connector)
public static Connection open(String name)
public static Connection open(String name, int mode)
public static Connection open(String name, int mode, boolean
timeouts)
public static DatalnputStream openDatalnputStream(String name)
public static DataOutputStream openDataOutputStream(String name)
public static InputStream openlnputStream(String name)
public static OutputStream openOutputStream(String name)

HTTP Connection

In MIDP 1.0 the only protocol that is guaranteed to be implemented is http. 2 Through the class
HttpConnection you can communicate with aweb server or any remote device that supports
HTTP.

21 if a device does not directly support HTTP, there will need to be a gateway that converts the device
protocol to HTTP prior to communicating with a remote server.

Portability

The only Connection interface that isrequired in MIDP 1.0 isHttpConnection. If
portability isaconcern, use only this interface. Implementations may support other
protocols, such as datagrams or sockets, but there is no guarantee these will be available on
other devices running MIDP 1.0.
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HTTP is known as arequest/response protocol. A client initiates a request, sends it to a server with an
address specified as a Uniform Resource Locator (URL), and aresponse is returned from the server.
Thisis how aweb browser and web server work together. Y ou type in the URL (e.g.,

www . corej2me . com) and then the web browser creates a package of information (more on thisin a
moment), sends the request out over the network, receives information from aweb server and displays
the result in the browser.

Hypertext Transfer Protocol

The implementation of HTTP in MIDP 1.0 is based on version 1.1. The HTTP specification
can be downloaded from:

http://www.ietf.org/rfc/rfc2616.txt

The specification for URLSs can be found at:

http://www.ietf.org/rfc/rfc1738.txt

Creating a Connection

The Connector class has seven methods to create a connection with a server (see Table 14.1). There
are three variations of the open() method. The first requires only the address of the server. The
second method accepts a mode for reading/writing (see Table 14.2). The third option includes a
boolean flag that indicates if the caller of the method can manage timeout exceptions. The remaining
methods open various input and output streams.

Hereisacadl to create aContentConnection. Refer back to Figure 14-1 to see the Connection
hierarchy.

// Create a ContentConnection
String url = "http://www.corej2me.com"

ContentConnection connection =
(ContentConnection) Connector.open(url);

One option to read data over this connection is through an InputStream:

InputStream iStrm = connection.openlnputStream();
// ContentConnection includes a length method!
int length = (int) connection.getLength();
it (length > 0)

byte imageData[] = new byte[length];

// Read the data into an array
iStrm.read(imageData) ;

}

Table 14.1. CLDC Connector Methods: javax.microedition.io.Connector

Method (each declared static) | Description
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static Connection open(String name) Create connection in READ_WRITE mode (see

Table 14.2)
\static Connection open(String name, int mode) |Create connection with specified mode
static Connection open(String name, int mode, Create connection with specified mode, handling
boolean timeouts) timeouts exceptions

\static InputStream openl nputStream(String name) |Create connection input stream

static OutputStream openOutputStream(String Create connection output stream
name)

static Datal nputStream Create connection datainput stream
openDatal nputStream(String name)
static DataOutputStream Create connection data output stream

openDataOutputStream(String name)

Table 14.2. CLDC Connector Modes: javax.microedition.io.Connector

| Mode | Description
READ |Open connection for read only
WRITE |Open connection for write only
'READ_WRITE |Open Connection for read and write

The code creates a connection with a server by specifying aURL, opensan InputStream and reads
data from the remote server into an array. For this example, thereis no need to send or receive HTTP
commands.

For the sake of argument, let's create an InputStream connection and bypass
ContentConnection altogether. Asyou'l see, the obvious loss with this approach is no method to
determine the length of the data:

// Create an InputStream connection

String url = "http://www.corej2me.com/midpbook_vlel/chl4/duke.png"
InputStream iStrm = (InputStream) Connector.openlnputStream(url);
try

byte imageData[] = new byte[2500];

// Read the data into an array
int length = iStrm.read(imageData);
}

When we get to the first example, we'll see how to use aByteArrayOutputStream to take the
guesswork out of determining how large an array to allocate if the length is not known.

Although you may find yourself opening many types of connections (the aforementioned are just a
sample), the heart and soul of this chapter is devoted to HttpConnection. Here's how we may open
such a connection:

String url = "http://www.corej2me.com/midpbook vlel/chl4/duke.png"
HttpConnection http = (HttpConnection) Connector.open(url);
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Once open, this connection offers access to various streams (I nputStream, DatalnputStream, to
name afew). However, as well see, the advantage to using this connection lies with the HTTP
commands at our disposal.

The key point to hold onto isthis: Regardless of the type of connection, whether it be
ContentConnection, HttpConnection or otherwise, communication with a server always
begins with a call to one of the seven methods in the Connector class, Table 14.1.

Example: Download and View PNG Image

Example 14.1 will download and display a PNG image. Thereis no need for any specific HTTP
functionality; therefore, we'll open aContentConnection, create an InputStream and download
the image data directly into an array.

We begin by creating a TextBox to enter the URL where the image islocated. Thisis accompanied
by two Commands, one to exit and one to view the image (see Figure 14-2).

Figure 14-2. TextBox to enter a URL of PNG image

Pressing "View" will initiate the connection to the URL. Once connected, the image datais
downloaded into an array and a new Image object is created and appended to aForm. The Form is
then set asthe current Displayable (see Figure 14-3). Once "Back" is chosen from the Form, the
user isreturned to the TextBox.

Figure 14-3. PNG image downloaded over a network connection

Example 14.1 ViewPng.java

* ViewPng.java

*

* Download and view a png file

import javax.microedition.midlet.*;
importjavax.microedition.lcdui.*;
import javax.microedition.io.*;
import java.io.*;

public class ViewPng extends MIDIet implements CommandListener
{

private Display display;

private TextBox tbMain;

private Form fmViewPng;

private Command cmEXit;

private Command cmView;

private Command cmBack;

public ViewPng(Q)
{
display = Display.getDisplay(this);

// Create the Main textbox with a maximum of 75 characters
tbMain = new TextBox(“'Enter url",
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"http://www.corej2me.com/midpbook vilel/chl4/duke.png

// Create commands and add to textbox

cmExit = new Command("Exit', Command.EXIT, 1);
cmView = new Command(*'View', Command.SCREEN, 2);
tbMain.addCommand(cmExit);
tbMain.addCommand(cmView );

// Set up a listener for textbox
tbMain.setCommandListener(this);

// Create the form that will hold the png image

// Create commands and add to form
cmBack = new Command(*'Back', Command.BACK, 1);
fmViewPng.addCommand(cmBack) ;

// Set up a listener for form
fmViewPng.setCommandListener(this);

}

public void startApp()

{
display.setCurrent(tbMain);

}

public void pauseApp()
{3}

public void destroyApp(boolean unconditional)

{3}

Y
* Process events

K e, ——_————— */
public void commandAction(Command c, Displayable s)
{

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

destroyApp(false);
notifyDestroyed();

else if (c == cmView)

{

// Download image and place on the form
try
{

Image im;
if ((im = getlmage(tbMain.getString())) !'= null)

Imageltem 1i = new Imageltem(null, im,
Imageltem.LAYOUT DEFAULT, null);

// 1T there is already an image, set (replace) it
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if (fmViewPng.size() = 0)
fmViewPng.set(0, ii);
else // Append the image to the empty form
fmViewPng.append(ii);
}

else
fmViewPng.append(*'Unsuccessful download."™);

// Display the form with the image
display.setCurrent(fmViewPng);

catch (Exception e)

{
}

else if (c == cmBack) {
display.setCurrent(tbMain);

System.err._printIn(*'Msg: " + e.toString());

}
}
)
* Open connection and download png into a byte array.
K */
private Image getlmage(String url) throws I0Exception
{

ContentConnection connection =

(ContentConnection) Connector.open(url);
InputStream iStrm = connection.openlnputStream();
Image im = null;

try
{
// ContentConnection includes a length method
byte imageData[];
int length = (int) connection.getLength();
if (length 1= -1)
{
imageData = new byte[length];

// Read the png into an array
iStrm.read(imageData);

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

imageData = bStrm.toByteArray();
bStrm.close();

}
// Create the image from the byte array
im = Image.createlmage(imageData, 0, imageData.length);

376



finally
{
// Clean up
if (iStrm != null)
iStrm.close();
if (connection != null)
connection.close();
}

return (im == null ? null : im);

}
}

Let's spend our time looking over the code to create the connection and download the image data.
Hereisbulk of getlmage():

private Image getlmage(String url) throws I0Exception
{
ContentConnection connection = (ContentConnection) Connector.open(
url);
InputStream iStrm = connection.openlnputStream();
Image im = null;

try
{
// ContentConnection includes a length method
byte imageData[];
int length = (int) connection.getLength();
if (length 1= -1)
{
imageData = new byte[length];

// Read the png into an array
iStrm.read(imageData) ;

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();
int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

imageData = bStrm.toByteArray();
bStrm.close();

}

// Create the image from the byte array
im = Image.createlmage(imageData, 0, imageData.length);
by

finally

// Clean up

return (im == null ? null : im);
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}

OnceaContentConnection and InputStream have been established, we attempt to reference
the length of the data. If the length can be determined we read the results into the array imageData in
one fellswoop:

iStrm.read(imageData);

If the length is not available, we must read characters one at atime. Fortunately, Java provides a very
convenient and efficient means to handle this. Using aByteArrayOutputStream characters are
read into an internal byte array, with Java handling any resizing of the array. Once done, we simply
transfer the stream contents into our image array.

ByteArrayOutputStream bStrm = new ByteArrayOutputStream();
int ch;
while ((ch = iStrm.read()) != -1)

bStrm.write(ch);

imageData = bStrm.toByteArray();

Regardless of how the data was transferred into our array, all that's |eft is to create a new Image and
close the connection and stream on our way oult.

In the method commandAction() theimageis placed onto a Form and displayed.

Note

You cannot always count on knowing the length of the incoming data. Therefore,
you should have a block of code that can read the data one character at a time.

Example: Download and View with InputStream

To show the flexibility of the Connection interface, let's change the previous example to download
the same data with an InputStream. We need to change only afew lines of code in the method
getlimage (). Hereisthe updated version: 2!

Bl you have downloaded the example source code, this MIDlet can be found in the same directory as
ViewPng. java. The filename is ViewPng2. java.

private Image getlmage(String url) throws I0Exception

{
InputStream iStrm =

(InputStream) Connector.openlnputStream(url);
Image im = null;

try

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();
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int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

// Place into image array
byte imageData[] = bStrm.toByteArray();

// Create the image from the byte array
im = Image.createlmage(imageData, 0, imageData.length);

}
finally
// Clean up
if (iStrm = null)
iStrm.close();

}

return (im == null ? null : im);
}

One drawback is the absence of a method to determine the length of the incoming data. However, this
is not much of a concern, simply use aByteArrayOutputStream to read the data and move the
resultsinto the destination array.

Client Request

Up to this point, we have not had a need to send or receive HT TP commands. The objective was
simply to create a connection and download a stream of data. It's time to shift gears and learn how to
create and manage communication through the HttpConnection class.

HTTP isreferred to as arequest/response protocol: a client requests information, a server sends a
response. The most common example is the interaction between aweb browser (the client) and aweb
server. This section and the next will ook at the details of the client request and the server response.

Request Method

A client request, known as the request entity, consists of three sections: request method, header and
body. There are three request methods ™ available usi ng HttpConnection (see Table 14.3).

1 Don't confuse the use of the word "method" in this context with a method in a Java class. Method as it is
used here comes directly from the HTTP 1.1 specification, as in "a client sends a request to the server in the
form of a request method."

Table 14.3. Request Method: javax.microedition.io.HttpConnection

\ Request | Description
GET Request information—data sent as part of URL
POST Request information—data sent in separate stream
HEAD Request only "metainformation™ about a resource
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All three request methods inform a server that a client is requesting some type of information. For
GET and POST, what differsis how datafrom the client is transferred to the server. Both methods,
along with HEAD, will be explained in a moment.

Y ou specify the request method of an HttpConnection through setRequestMethod()

HttpConnection http = null;
http = (HttpConnection) Connector.open(url);
http.setRequestMethod(HttpConnection.GET);

Table 14.4. Client Request Methods: javax.microedition.io.HttpConnection

Method Description

void setRequestM ethod(String method) Set the request method (GET, POST or HEAD)

void setRequestProperty(String key, String  |Set a request property (header information)
value)

String getRequestM ethod() Get the current setting of the request method (GET,
POST, HEAD)

String getRequestProper ty(String key) Get the current setting of a request property (header
value)

Using GET, the body (data) of the request becomes part of the URL. Thisis known as URL encoding.
For example, using the analogy of aweb browser, assume we have aform with two fields—color and
font. The names of the fields on the form, as defined in the HTML code, are userColor and
userFont. When the form has been completed and is ready to be sent, the values entered onto the
form will be appended onto the URL. The resulting URL may look similar to the following:

http://www.corej2me.com/formscript?userColor=blue&userFont=courier
Notice the"?" after the URL. This signifies the end of the URL and start of the form data. All

information is sent through "key-value" pairs such asuserColor=blue, userFont=courier
Multiple key-value pairs are separated with "&".

[5]

Bl if there are spaces in the "value," replace them with "+". For example, "golf clubs" becomes "golf+clubs".

Data submitted using POST is sent separately from the call to the URL. Put another way, the request to
open aconnection to aURL is sent as one stream, any data is sent as a separate stream. There are two
major benefits of POST over GET:

1. POST hasno limit to the amount of data that can be sent. Thisis not the case for the request
method GET. When a server processes aGET request, the data from the end of the URL is
stored in an environment variable (known as a query string). When sending a large amount of
data, you run the risk of overrunning the environment variable.

2. POST [sglends data as a separate stream; therefore, the contents are not visible as part of the
URL.

) pOST in and of itself is not a secure means to send data. However, data sent as a separate
stream is not as easily accessible to prying eyes as including the data as part of the URL.

HEAD works in the same manner as GET, with the client sending the body as part of the URL.
However, the server will not return a body in its response (more on the server response in a moment).

380




HEAD is generally used for retrieving information about a resource on a server. For example, you may
want information about the last modified date of afile; however, it may not be necessary to retrieve
the file contents.

Header Information

The second part of a client request is header information. The HTTP protocol defines over 40 header
fields. Some of the more common are Accept, Cache-Control, Content-Type, Expires, If-Modified-
Since and User-Agent. Headers are set by calling setRequestProperty() .

HttpConnection http = null;
http = (HttpConnection) Connector.open(url);
http.setRequestMethod(HttpConnection.GET);
http.setRequestProperty("If-Modified-Since",

"Mon, 16 Jul 2001 22:54:26 GMT'™);

Body

Data to be transferred from the client to the server isreferred to as the body of the request. As
mentioned, GET sends the body as part of the URL. POST sends the body in a separate stream.

Server Response

Once aclient has packaged together the request method, header and body, and sent it over the network,
itis now up to the server to interpret the request and generate a response known as the response entity.
Aswith the client request, a server response consists of three sections: status line, header and body.

Creating the response on the server side is beyond the scope of this discussion. Instead, we will
concern ourselves with how to pull information from the server response.

Status Line

The status line indicates the outcome of the client request. For HttpConnection, there are over 35
status codes reported. HTTP divides the codes into three broad categories based on the numeric value
mapped to the code.

Ixx—information

2xx—success

3xx—redirection

4xx—client errors

5xx—server errors

For example, HTTP_OK (status code 200) indicates the client request was successfully processed.

When sending aresponse, a server includes the protocol version number along with the status code.
Here are afew sample status lines:
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HTTP/1.1 200 OK
HTTP/1.1 400 Bad Request
HTTP/1.1 500 Internal Server Error

When interpreting status codes, you have two options: retrieve the message or the code.

http.getResponseMessage();
http.getResponseCode();

Thefirst returns only the text portion, such asOK or Bad Request. The later returns the code, such
as 200 or 400

Table 14.5. Response Methods: javax.microedition.io.HttpConnection

| Method | Description
lint getResponseCode() Get the response code (numeric)
String getResponseM essage() Get the response message (text)

Header

Like the client, the server can send information through a header. These key-value pairs can be
retrieved in various shapes and forms through the methods in Table 14.6.

Table 14.6. Server Response Methods: javax.microedition.io.HttpConnection

Method Description
String getHeader Field(int n) Get header field value looking up by index
String getH eader Field(String name) Get header field value looking up by name
\Iong getHeader FieldDate(String name, long def) |Get named field as along (representing the date)
int getHeader FieldI nt(String name, int def) Get named field as an integer
String getHeader FieldK ey(int n) Get header field key using index
long getDate() Get header field "date”
long getExpiration() Get header field "expires’
llong getL astM odified() Get header field "last-modified"

As an example, let's assume the server sent a header key-value pair content-type=text/plain.
As afurther assumption, the key-value pair will be the first entry in the header, and with this
assumption, it will have an index value of 0. This header informs the client that the body of the
response will be returned as plain text (as compared to HTML text, etc.). The following calsall
reference the same key-value pair:

// Header field at index 0: "content-type=text/plain”

http.getHeaderField(0); // "text-plain”
http.getHeaderField(''content-type'); // "text-plain”
http.getHeaderFieldKey(0); // content-type"

Custom Header Fields

There are three methods for retrievina soecific header fields sent from the server:

382



getDate(), getExpiration() and getLastModified(). However, with the
remaining methods in Table 14-6, you can retrieve any header a server may send, including
custom headers, which are not defined in the HT TP specification.

As an example, if a server created a custom header field Custom-ProductCode, the
value of the header may be obtained as follows:

String code = http.getHeaderField(""Custom-ProductCode'™);

In Example 14.4 welll create a custom header in a Java servlet and show how to search for
the header inside aMIDlet.

Body

The body is the data sent from the server to the client. There are no methods defined in
HttpConnection for reading the body. The most common means to obtain the body is through a
stream, as shown in the following example.

Example: Download a File

To get afeel for setting up aclient request and pulling apart a server response, let's create a MIDlet
that requests to read the contents of afile over a network connection. The URL and connection request
follow:

url = "http://www.corej2me.com/midpbook_vlel/chl4/getHeaderinfo.txt";
HttpConnection http = null;

// Create the connection
http = (HttpConnection) Connector.open(url);

The client request is straightforward:

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information (this header is optional)
http.setRequestProperty(“'User-Agent",
"Profile/MIDP-1.0 Configuration/CLDC-1.0");

// 3) Send body/data - No data for this request
Using a GET request method, send one header field and no data.

The server response is alittle longer, showing all the header fields (accessed in several ways) and the
contents of the requested file.
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// 1) Get status Line

System.out.printIn(‘'Msg: " + http.getResponseMessage());
System.out.printIn(*'Code: " + http.getResponseCode());

// 2) Get header information
if (http.getResponseCode() == HttpConnection.HTTP_OK)
{

System.out._printIn(*"field 0: " + http.getHeaderField(0));

System.out.printIn("'key 0: " + http.getHeaderFieldKey(0));

System.out.printIn(‘'content: " +
http.getHeaderField(''content-type'));

// 3) Get data (show the file contents)
String str;

iStrm = http.openlnputStream();

int length = (int) http.getLength();

if (length 1= -1)

// Read data in one chunk

byte serverData[] = new byte[length];
iStrm.read(serverData);
str = new String(serverData);

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();
// Read data one character at a time
int ch;
while ((ch = iStrm.read()) !'= -1)
bStrm.write(ch);
str = new String(bStrm.toByteArray());
bStrm.close();
}

System.out._printIn("'File Contents: " + str);

}

Step 3 (above) creates an InputStream and reads the body of the server response. The data sent
from the server isthe contents of the text file requested in the URL:

http://www.corej2me.com/midpbook vlel/chl4/getHeaderInfo.txt"

The output is shown in Figure 14-4.

Figure 14-4. Server response from client GET request

Example 14.2 ViewFile.java
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* ViewFile.java

Send client request (method, header, body)
Get server response (status, header, body)

* % ok %

import javax.microedition.midlet.*;
import javax.microedition.io.*;
import java.io.*;
public class ViewFile extends MIDlet
{
private String url =
"http://www.corej2me.com/midpbook vlel/chl4/getHeaderiInfo.txt";
public void startApp(Q
{
try
{
processRequest();
}
catch (Exception e)
{
System.err._printIn(*'Msg: " + e.toString());
}
i ) ]
private void processRequest() throws I0Exception
{
HttpConnection http = null;
InputStream iStrm = null;

try
{
// Create the connection
http = (HttpConnection) Connector.open(url);

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information (this header is optional)
http.setRequestProperty(*'User-Agent”,
"Profile/MIDP-1.0 Configuration/CLDC-1.0");

// http.setRequestProperty (" If-Modified-Since",
"Mon, 16 Jul 2001 22:54:26 GMT'™);

// 1T you experience 10 problems, try
// removing the comment from the following line
//http.setRequestProperty(‘'Connection”™, "close™);

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

/)=
// Server Response
/)
System.out.printin('url: " + url);
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System.out.printIn(*'-----——————--———————————— ;s

// 1) Get status Line
System.out.printIn(*'Msg: " + http.getResponseMessage());
System.out.printIn(''Code: " + http.getResponseCode());

// 2) Get header information
if (http.getResponseCode() == HttpConnection_ HTTP_OK)
{

System.out.printIn(""field 0: " + http.getHeaderField(0));
System.out.printIn("'field 1: " + http.getHeaderField(1));
System.out.printIn("'field 2: " + http.getHeaderField(2));

System.out._printIn("----—————-————— -~ );
System.out.printIn("'key 0: " + http.getHeaderFieldKey(0));
System.out.printIn(key 1 : " + http.getHeaderFieldKey(1));
System.out.printIn(""key 2: " + http.getHeaderFieldKey(2));
System.out._printIn("--—-—————-————— -~ ");
System.out.printIn(‘'content: " +

http.getHeaderField(''content-type'));
System.out.printIn(‘'date: " + http.getHeaderField("date™));
System.out.printIn(*'last-modified: " +

http.getHeaderField("'last-modified™));
System.out.printIn("-----—-----—-—-———- -~ ");

// 3) Get data (show the file contents)
String str;
iStrm = http.openlnputStream();
int length = (int) http.getLength();
if (length = -1)
{
// Read data in one chunk
byte serverData[] = new byte[length];
iStrm.read(serverData);
str = new String(serverData);

else // Length not available...

{
ByteArrayOutputStream bStrm =
new ByteArrayOutputStream();
// Read data one character at a time
int ch;
while ((ch = iStrm.read()) !'= -1)
bStrm.write(ch);
str = new String(bStrm.toByteArray());
bStrm.close();
}
System.out.printIn("'File Contents: " + str);
/)
// Show connection information
/)

System.out.printIn("'Host: "'
System.out.printIn(*'Port: "

+ http.getHost());
+ http.getPort());
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System.out.printIn(""Type: "™ + http.getType());
}

}
finally

{
// Clean up

if (istrm = null)
iStrm.close();

if (http = null)
http.close();

}
}

public void pauseApp(Q)
{3

public void destroyApp(boolean unconditional)

{3}
}

Example: if-modified-since Header

Let's make one minor change to the previous example. Update the client section to look as follows:

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information (this header is optional)
http.setRequestProperty("'User-Agent",
"Profile/MIDP-1.0 Configuration/CLDC-1.0"");
http.setRequestProperty("If-Modified-Since",
“Mon, 16 Jul 2001 22:54:26 GMT'™);

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

When the server receives the header i f-modified-since X it compares the date of the resource
(on the server) with the date passed in the header. If the resource has not been modified since the
requested date, no body is returned. Y ou may find this helpful to keep the server from sending a body
that has not changed since the last request.

[ Header requests are not case-sensitive. 1 F-Modified-Since is equivalent to i f-modified-
since

Figure 14-5 shows the output of this MIDlet if the server does not return abody.

Figure 14-5. Using "if-modified-since" header
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Code = 384

Connection Header

You'll notice several examplesin this chapter include the following line:

// 1T you experience 10 problems, try
// removing the comment from the following line
// http.setRequestProperty(*'Connection', "close'™);

When setting this header to "close" it tells the server to close the connection after the
response is sent. The reason for this explicit option has to do with the ability of a server to
maintain a persistent connection with a client. When making multiple requests to a server,
you may experience a performance increase because the connection is reused over multiple
requests.

However, if the Content-Length header isnot used, or has an incorrect value, the client
may block waiting for data that will never arrive. If you find you are having problems
receiving data, remove the comment to force the server to close the connection once it has
completed sending its response. If this fixes the problem, look closely at the Content-
Length valuethat you are sending.

Connection Information

Once a connection has been established, there are several methods avail able to obtain information
about the connection. Each islisted in Table 14.7.

Table 14.7. Connection Methods: javax.microedition.io.HttpConnection

\ Method | Description

String getFile() Get filename from the URL

String getHost() Get host from the URL

int getPort() Get port from the URL

String getPr otocol () Get protocol from the URL

String getQuery() Get the query string (only valid with a GET request)
String getRef() Get the reference portion of URL !

String getURL () Get the entire URL

M This is optional. The reference portion is defined in RFC2396.

Looking back at Example 14.2, notice the following lines near the bottom of the method
processRequest().

System.out.printIn(""Host: " + http.getHost());
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System.out.printIn("'Port: " + http.getPort());
System.out.printIn(""Type: "™ + http.getType());

At the bottom of Figure 144 you'll see the results:

Host: www.corej2me.com
Post: 80
Type: plain/text

As an additional example, look at the code block shown next.

url = http://www.corej2me.com/midpbook vilel/chl4/getinfo.txt?color=blue

http = (HttpConnection) Connector.open(url);
http.setRequestMethod(HttpConnection.GET);

System.out.printIn(file: " + http.getFile();
System.out.printin(*'protocol: " + http.getProtocol());
System.out._printIn(""URL: " + http.getURL());
System.out.printIn(‘'query: " + http.getQuery());

The output based on the URL specified would look as follows:

file: /midpbook_vlel/chl4/getinfo.txt
protocol: http
URL:

http://www.corej2me.com/midpbook vlel/chi4/getinfo.txt?color=blue
query: color=blue

Java Servlets

Examples 14.3, 14.4, and 14.5 all communicate with a Java servlet. To limit the time you
need to spend fussing with aweb server that supports servlets, | have found a home for al
the servlet code at www.mycqiserver.com. As of thiswriting, al hosting was not only free
of charge, there was no marketing or other pesky advertising placed inside responses from
the server. What this meansto you is that each example should work "out-of-the-box."

On the other hand, if you have access to aweb server that supports Servlets, or would like
to learn more about how Servlets work, the source code is included.

One note regarding how the Servlets are invoked from within the following MIDlets. The
URL for each example will contain areference to the package "corej2me":

String url = "http://www.mycgiserver.com/servlet/corej2me.
cookieServlet";

String url = "http://www.mycgiserver.com/servlet/corej2me.
getNpostServiet”

String url = "http://www.mycgiserver.com/servlet/corej2me._url__

rewriteServilet';

The package name is required by mycgiserver to differentiate my servlets from those of
others runnina on the same server. If vou would like more information about Servlets. here
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are afew helpful links:
Servlet Technology from Sun:

http://java.sun.com/products/servl et/index.html

Tomcat is afree, open-source implementation of the Java Servlet specification:

http://java.sun.com/products/servlet/download.html

Example: GET and POST to a Java Servlet

Constructing a client request using GET and POST are different enough to warrant an example using
each. The next example will connect with a Java servlet to look up abank account balance. Obviously,
the account number, password and balance are al fictitious; however, this might get your wheels

spinning.
Client Request
The main Form will hold two TextFields, an account number and password (see Figure 14-6).

Figure 14-6. Enter account information before GET or POST

Once the form has been completed and the user chooses the "Menu" option, there will be a choice as
to the request method for sending the data (see Figure 14-7).

Figure 14-7. Use GET or Post request method to send the data

The receiving end of the client request will be a Java servlet. The account information will be stored in
a database, named acctlnfo, located on the same machine as the servlet. The database, acctinfo,

will contain three columns (account, password, balance) and is populated with the following
information:

account (integer) password (varchar) balance (integer)
225 yellow 3070

701 lblue 9125

1901 green 417830

When using GET as the request method, we append the data onto the end of the URL. Here is the code
for creating the client request:.

// Data is passed at the end of url for GET

String url =
“http://www._mycgiserver.com/servlet/corej2me.GetNpostServiet" +
T+
"account=" + tfAcct.getString() + "&" +
"password=" + tfPwd.getString();

try

{
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// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information - none

// 3) Send body/data - data is at the end of URL

iStrm = http.openlnputStream();
// Three steps are processed in this method call
ret = processServerResponse(http, iStrm);

}

If you pick up nothing else, notice how the URL of the servlet has been modified to accommodate the
data. Look carefully: the first character after the servlet addressis"? ", which signifies the end of the
URL and the start of the data. The data is then passed as key-value pairs, separating each with "& ".

"account=12345&password=xyz"

The same request, sent asa POST, looks as follows:

// Data is passed as a separate stream for POST (below)
String url =
"http://www._mycgiserver.com/servlet/corej2me.GetNpostServiet";

try

{
http = (HttpConnection) Connector.open(url);

oStrm = http.openOutputStream();

// 1) Send request type
http.setRequestMethod(HttpConnection.POST);

// 2) Send header information. Required for POST to work

http.setRequestProperty(*"Content-Type",
"application/x-www-form-urlencoded™);

// 3) Send data

// Write account number

byte data[] = (Taccount=" + tfAcct.getString()).getBytes();

oStrm.write(data);

// Write password
data = ("&password=" + tfPwd.getString()).getBytes();

oStrm.write(data);
oStrm.Flush();

// Server Response
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iStrm = http.openlnputStream();
// Three steps are processed in this method call
ret = processServerResponse(http, iStrm);

}

Thefirst noticeable difference is the URL; there is no reference to the data. Also, notice the header
field

http.setRequestProperty(*"Content-Type",
"application/x-www-form-urlencoded™);

When using POST, the servlet will fail without this header. A separate OutputStream isused to
send both the account number and password. Pay attention to the fact that each is sent as aname value
pair by separating the key from the value with an =; for example, account=123. One last important
detail, look at the line for sending the password:

data = (“"&password=" + tfPwd.getString())-getBytes();

Even though we are not appending the data onto the URL, multiple key value pairs still need to be
separated with &. Once all thisis complete, it's now up to the servlet to interpret what we've sent and
generate a response.

Server Response

Although this section won't give a lengthy tutorial on writing servlets, there will be enough
information to clearly understand how a servlet interprets a client request and generates a response.

Writing Servlets

If you would like to compile the servlet code, you will need to download and install the Java
Servlet Development Kit (JSDK).

http://java.sun.com/products/servl et/archive.html

A servlet will run one of two methods, depending on whether the client request method isGET or
POST.

doGet(HttpServletRequest req, HttpServletResponse res)
doPost(HttpServletRequest req, HttpServletResponse res)

The parameter HttpServletRequest provides accessto the client data that initiated the request to
the servlet. HttpServletResponse isused to package aresponse for the client.

protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I0Exception
{
String acct = req.getParameter(*account™),
pwd = req.getParameter("'password™);
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String balance = accountLookup(acct, pwd);
it (balance == null)

res.sendError(res.SC_BAD REQUEST, "Unable to locate account.™™);
return;
}

res.setContentType(""text/plain');
PrintWriter out = res.getWriter();
out.print(balance);

out.close();

}

Thefirst course of action isto look for parameters that may have been sent as part of the client header.
These values will be stored in the variables acct and pwd. These values correspond to the textfields
on the client form (see Figure 14-6). With thisinformation, the servlet can then search the database in
an attempt to look up the account balance. If the search fails an error isreturned to the client;
otherwise, a response containing the balance is created.

res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out.print(balance);

out.close();

Thefirst line above creates a header field specifying the "content-type.” Thisinforms the client that
the data from the server will be sent as plain text. Next, the servlet obtains a resource to write text to
the client. The last steps are to output the balance and close the writer.

The code inside doPost () isidentical. The reason for not consolidating the codeis to illustrate the
point that data can be sent using either GET or POST and processed in the same fashion on the server.

Thereisone last detail, and that is how the servlet looks up information in the account database.

private String accountLookup(String acct, String pwd)
{

// These will vary depending on your server/database
Class.forName(*'sun. jdbc.odbc.JdbcOdbcDriver™);
con = DriverManager.getConnection("jdbc:odbc:acctinfo'™);

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(*'Select balance from acctinfo
where account = " + acct + "and password = """ + pwd + """);

iT (rs.next())

return rs.getString(1);
else

return null;
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Through JDBC, a connection 2! is established with the database. A simple Structured Query Language
(SQL) statement will search the database. If the result set is not empty, return the account balance asa
String.

) The JDBC driver and call to getConnection() will vary depending on your server and database.

Updating the Client

Now that the client has sent a request and the server has responded, the MIDlet needs to interpret the
server reply and update the display with the account balance.

processServerResponse(HttpConnection http, InputStream iStrm)

{

//Reset error message
errorMsg = null;

// 1) Get status Line
if (http.getResponseCode() == HttpConnection.HTTP_OK)

// 2) Get header information - none

// 3) Get body (data)

int length = (int) http.getlLength();
it (length > 0)

{

byte servletData[] = new byte[length];
iStrm.read(servletData);

// Update the string item on the display
siBalance.setText(new String(servletData));

return true;

}

else
errorMsg = new String("'Unable to read data™);

}

else
// Use message from the servlet
errorMsg = new String(http.getResponseMessage());

return false;

}

We pull apart the server response in three chunks. First, we look at the status line to verify the server
was able to fulfill the request. The next step isto read any header information, but there is none for
this MIDlet. The body of the server response contains what we are after—the account balance. With
thisin hand we can update siBalance, the Stringltem that shows the account balance on the
form. The end result is displayed in Figure 14-8.

Figure 14-8. Account balance obtained from a Java servlet
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*
*
*
*
*
*

GetNpost. java

Use GET or POST to communicate with a Java servlet.
The servlet will search a database for the balance
of an account.

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.io.™;
import java.io.*;

public class GetNpost extends MIDlet implements CommandListener

{

private Display display; // Reference to Display object
private Form fmMain; // The main form

private Alert alError; // Alert to error message
private Command cmGET; // Request method GET

private Command cmPOST; // Request method Post

private Command cmEXit; // Command to exit the MIDlet
private TextField tfAcct; // Get account number

private TextField tfPwd; // Get password

private Stringltem siBalance;// Show account balance
private String errorMsg = null;
public GetNpost()

{

display = Display.getDisplay(this);

// Create commands
CmGET = new Command("'GET', Command.SCREEN, 2);
cmPOST = new Command(*'POST', Command.SCREEN, 3);
cmExit = new Command("Exit', Command.EXIT, 1);
// Textfields
tfAcct = new TextField("Account:", """, 5, TextField.NUMERIC);
tfPwd = new TextField('Password:", ", 10,
TextField.ANY | TextField.PASSWORD);
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// Balance string item
siBalance = new Stringltem(*'Balance: $", ");

// Create Form, add commands & components, listen for events
fmMain = new Form(*'Account Information');
fmMain.addCommand(cmExit);

fmMain.addCommand(cmGET) ;

fmMain.addCommand(cmPOST) ;

fmMain.append(tfAcct);
fmMain.append (tfPwd) ;
fmMain.append(siBalance);

fmMain.setCommandListener(this);

}

public void startApp()

{
display.setCurrent(fmMain);

public void pauseApp()
{1}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

{
if (c == cmGET || ¢ == cmPOST)
{
try

{
if (c == cmGET)
lookupBalance withGET();
else
lookupBalance withPOST();

}
catch (Exception e)
{

}

else if (c == cmExit)

System.err.printIn("'Msg: " + e.toString());

destroyApp(false);
notifyDestroyed();

private void lookupBalance withGET() throws I0Exception

{
HttpConnection http = null;

InputStream iStrm = null;
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boolean ret = false;

// Data is passed at the end of url for GET
String url =
"http://www.mycgiserver.com/servlet/corej2me.GetNpostServiet
+ TP+
""account=" + tfAcct.getString() + "&" +
"password="" + tfPwd.getString();

try
{

http = (HttpConnection) Connector.open(url);
/)
// Client Request
/)

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information - none

// 3) Send body/data - data is at the end of URL

iStrm = http.openlnputStream();
// Three steps are processed in this method call
ret = processServerResponse(http, iStrm);

}

finally
{
// Clean up
if (iStrm = null)
iStrm.close();
if (http = null)
http.close();
}

// Process request failed, show alert
if (ret == false)
showAlert(errorMsg);

private void lookupBalance withPOST() throws I0Exception

{

HttpConnection http = null;
OutputStream oStrm = null;
InputStream iStrm = null;
boolean ret = false;

// Data is passed as a separate stream for POST (below)

String url =
"http://www._mycgiserver.com/servlet/corej2me.GetNpostServiet";

try

http = (HttpConnection) Connector.open(url);
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// 1) Send request type
http.setRequestMethod(HttpConnection.POST);

// 2) Send header information. Required for POST to work!
http.setRequestProperty(""Content-Type",
"application/x-www-form-urlencoded™);

// 1T you experience connection/10 problems, try
// removing the comment from the following line
//http.setRequestProperty(‘'Connection’™, "close™);

// 3) Send data/body

// Write account number

byte data[] = (account=" + tfAcct.getString())-getBytes();
oStrm.write(data);

// Write password

data = ("&password=" + tfPwd.getString()).getBytes();
oStrm.write(data);

oStrm.Flush(Q);

iStrm = http.openlnputStream();
// Three steps are processed in this method call
ret = processServerResponse(http, iStrm);

3
finally

{
// Clean up
if (iStrm = null)
iStrm.close();
if (oStrm != null)
oStrm.close();
if (http = null)
http.close();
}

// Process request failed, show alert
if (ret == false)
showAlert(errorMsg);

private boolean processServerResponse(HttpConnection http,
InputStream iStrm) throws I0Exception
{

//Reset error message
errorMsg = null;
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// 1) Get status Line
if (http.getResponseCode() == HttpConnection.HTTP_OK)

// 2) Get header information - none

// 3) Get body (data)
int length = (int) http.getLength();
String str;
if (length 1= -1)
{
byte servletData[] = new byte[length];
iStrm.read(serviletData);
str = new String(servletData);

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) !'= -1)
bStrm.write(ch);

str = new String(bStrm.toByteArray());
bStrm.close();

// Update the string item on the display
siBalance.setText(str);
return true;

}

else
// Use message from the servlet
errorMsg = new String( http.getResponseMessage()):;

return false;

private void showAlert(String msg)

{

// Create Alert, use message returned from servlet
alError = new Alert(Error'™, msg, null, AlertType.ERROR);

// Set Alert to type Modal
alError.setTimeout(Alert.FOREVER);

// Display the Alert. Once dismissed, display the form
display.setCurrent(alError, fmMain);

3
¥
o
* GetNpostServlet. java
*
* Show how GET and POST from client can access and
*

process the same data.
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* Account information is maintained in a database

* (connecting with jdbc)
*

* Table: acctinfo

* Columns:

* account - integer
* password - varchar
* balance - integer
*

package corej2me;

import java.util.*;

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;
import java.sql.*;

public class GetNpostServlet extends HttpServlet
{
protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I10Exception

// Same code appears in doPost()
// Shown both places to emphasize that data is received thru
// different means (environment variable vs stream),
// yet processed the same inside the servlet
String acct = req.getParameter(account™),
pwd = req.getParameter("'password™);

String balance = accountLookup(acct, pwd);

if (balance == null)
{
res.sendError(res.SC_BAD REQUEST,
"Unable to locate account.');
return;

}

res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out.print(balance);

out.close();

}

protected void doPost(HttpServletRequest req,
HttpServletResponse res)
throwsServletException, I0Exception

// Same code appears in doGet()
// Shown both places to emphasize that data is received thru
// different means (stream vs environment variable),
// yet processed the same inside the servlet
String acct = req.getParameter(account™),
pwd = req.getParameter("'password™);

String balance = accountLookup(acct, pwd);
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if (balance == null)

{
res.sendError(res.SC_BAD REQUEST,
"Unable to locate account.');
return;
}

res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out.print(balance);

out.close();

private String accountLookup(String acct, String pwd)
{

Connection con = null;

Statement st = null;

StringBuffer msgb = new StringBuffer(');

try
{
// These will vary depending on your server/database
Class.forName(''sun. jdbc.odbc.JdbcOdbcDriver'™);
con = DriverManager.getConnection(*"jdbc:odbc:acctinfo'™);

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(''Select balance from
acctinfo where account = "
+ acct + "and password = *" + pwd + """);

if (rs.next())

return rs.getString(1);
else

return null;

}
catch (Exception e)

{
return e.toString();

}
}
S
* Information about servlet
K e, _—————— */
public String getServletinfo()
{

return "GetNpostServlet 1.0 - www.corej2me.com";
}

}

Note: You do not need to compile the servlet code to run this MIDlet.
The compiled code is online at the url specified in the MIDlet:

"http://www.mycgiserver.com/servlet/corej2me.GetNpostServiet"
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GetNpostServilet. java

Show how GET and POST from client can access and
process the same data.
Account information is maintained in a database
(connecting with jdbc)

Table: acctinfo
Columns:

account - integer
password - varchar
balance - integer

Ok Gk 3k X X X X % ok 2k 3k XN

package corej2me;

import java.util._*;

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;
import java.sql.*;

public class GetNpostServlet extends HttpServlet
{
protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, 10Exception

{
// Same code appears in doPost()
// Shown both places to emphasize that data is received thru
// different means (environment variable vs stream),
// yet processed the same inside the servlet
String acct = req.getParameter(account™),
pwd = req.getParameter("'password™);
String balance = accountLookup(acct, pwd);
if (balance == null)
{
res.sendError(res.SC_BAD_REQUEST,
"Unable to locate account.');
return;
}
res.setContentType(""text/plain'™);
PrintWriter out = res.getWriter();
out.print(balance);
out.close();
}

protected void doPost(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I10Exception

// Same code appears in doGet()
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// Shown both places to emphasize that data is received thru
// different means (stream vs environment variable),
// yet processed the same inside the servlet
String acct = req.getParameter(account™),
pwd req.getParameter("'password™);

String balance = accountLookup(acct, pwd);

if (balance == null)
{
res.sendError(res.SC_BAD REQUEST,
"Unable to locate account.');
return;

}

res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out._print(balance);

out.close();

)
* Lookup bank account balance in database

K */
private String accountLookup(String acct, String pwd)
{

Connection con = null;
Statement st = null;
StringBuffer msgb = new StringBuffer('"");

try
{
// These will vary depending on your server/database
Class.forName(*'sun. jdbc.odbc.JdbcOdbcDriver™);
con = DriverManager.getConnection("jdbc:odbc:acctinfo™);

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(*'Select balance from
acctinfo where account = "
+ acct + "and password = "' + pwd + ""'");

if (rs.next())

return rs.getString(1);
else

return null;

}

catch (Exception e)

{
return e.toString();

public String getServletinfo()
{
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return "GetNpostServlet 1.0 - www.corej2me.com";

}
}

Session Management with Java Servlets

HTTP isastateless protocol. A client makes arequest and a server generates aresponse. There is no
persistent connection between the two. © However, having a means for a server to recognize
subsequent requests from a client opens the door to many possibilities.

o Although web servers may offer options to facilitate ongoing communication between a client and server,
there is no persistent connection capability built into the HTTP protocol.

The most familiar exampleisthat of an online shopping cart. As you stroll through a store, selecting a
few things on the way, somewhere on a remote server resides information about the products you've
selected. When you are ready to make your purchase, just asin the "real-world," you take your
shopping cart to the checkout counter and away you go.

Such interaction between a client and server can be accomplished only if the server can recognize
requests as originating from the same client. With a Java servlet there are two common ways in which
thisis done: url-rewriting and cookies. The next two examples will demonstrate each concept.

Example: URL Rewriting

The gist of the next MIDlet isto keep track of golf scores on aremote server. We would like to enter
the score for each hole, one by one. The server will keep atally of the running total and report this
back to the client after each score is entered. Figure 14-9 shows theinitial screen on the left, before
submitting the first score. The screen-shot on the right is the display after receiving aresponse from
the servlet with the current total.

Figure 14-9. Left, the startup screen; right, total updated from servlet

After submitting the score for the second hole, the serviet will update the total and report back to the
client (see Figure 14-10).

Figure 14-10. Updated total from servlet
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ITlll" B
Enter score far

The servlet can tally scores for any number of golfers. Therefore, it must have a means to correlate an
incoming client score with the appropriate running total. On the server side, this concept is often
referred to as session tracking.

Figure 14-11 illustrates the initial request from the MIDlet. Notice the request method is GET. We
know this by looking at the data appended onto the URL. The key-value pair score=3 isthe score for
the golfer'sfirst hole.

Figure 14-11. Initial client request using GET

http:ifwww. _xyz_.com?scora=3

-
-

Client Server

The servlet will create a new session and a corresponding session ID to track requests from the client.
Theincoming URL (from the client ) is modified to include the session ID. A header is sent to the
client indicating this new "rewritten" URL. Also, the servlet sends the current running total for the
golfer's score as the body of the response (which is score for the first hole only, at this point; see
Figure 14-12).

Figure 14-12. Servlet response

Creates a new sassion
Client Server | Rewrites URL with session ID
- (httpfiwww. _xyz_.com/fID=1234567)
Header
Indicating url has been rewritten
Body

Current running total

The client will receive the response from the servlet and will check for a header indicating the URL
has been rewritten. If found, all future requests will be made through this new URL.
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Each subsequent request from the client, using the rewritten URL, makesit possible for the servlet to
recognize who initiated the request. With the session ID in hand, the servlet maintains an ongoing
dialog with the client specifically, updating the running total of scores submitted. Figure 14-13
illustrates this idea. The client calls the servlet with the rewritten url (and the score for the next hole)
and receives the total for al scores submitted in the body of the server response.

Figure 14-13. Client sends future requests using the rewritten URL

http:ifwww,_xyz__ com/ID=12345677s5c0ra=4

T
-

Get session information

Client Server Update running total

Body
Current running total

The client code for sending arequest and processing a server response is shown here:

url = "http://www._mycgiserver.com/servlet/corej2me._Url_rewriteServiet";
private void updateTotal(String score) throws I0Exception
{

HttpConnection http = null;

InputStream iStrm = null;

boolean ret = false;

try
{ ]
// When using GET, append data onto the url
String completeURL = url + "?" + "score=" + score;

http = (HttpConnection) Connector.open(completeURL);

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information - none

// 3) Send body/data - data is at the end of URL

iStrm = http.openlnputStream();

// 1) Get status Line - ignore for now
System.out.printIn(*'Msg: " + http.getResponseMessage());
System.out.printIn(*'Code: " + http.getResponseCode());

// 2) Get header information

// See if header includes a rewritten url

// if yes, update url for all future servlet requests
String URLwithID = http.getHeaderField(*'"Custom-newURL");

if (URLWithID != null)
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url = URLwithlD;

// 3) Get body/data - the new running total is returned
String str;
int length = (int) http.getLength();
if (length 1= -1)
{
byte servletData[] = new byte[length];
iStrm.read(servletData);
str = new String(servletData);

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

str = new String(bStrm.toByteArray());
bStrm.close();

}

// Update the stringitem that shows total
siTotal .setText(str);
}

}

The client request is short and sweet: Append the current score onto the URL and open the connection.
In the response from the server, check for a header indicating a rewritten URL.

String URLwithID =
http.getHeaderField("'Custom-newURL") ;

The header "Custom-newURL " is known as a custom header. 2% This header was created and sent
from the servlet to indicate that the original URL has been modified. All future requests will go
through this URL. The client also reads the body of the server response, which contains the current
running total of all scores entered. This value is then shown on the display through the Stringltem,
siTotal.

(19 1t js custom in the sense that it is not one of the defined headers in the HTTP specification.

Let's move to the code on the server side. There are two main concerns of the servlet: managing the
session and updating the running total.

doGet(HttpServiletRequest req, HttpServletResponse res)
{
try

// Get session information
HttpSession session = req.getSession(true);

// If a new session, we need to rewrite the URL for client
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if (session.isNew())

{
// Get the URL that got us here

String incomingURL = HttpUtils.getRequestURL(req).-toString();

// Encode by adding session ID onto URL
String URLwithID = res.encodeURL(incomingURL);

// Send back a header to client with new re-written URL
res.setHeader ("'Custom-newURL", URLwithlID);

Fortunately, working with sessions from a devel oper point of view is very straightforward. Through a
cal to getSession() and isNew(), the servlet can determine if there is an existing session
between itself and the client. If not, theincoming URL is rewritten (encoded) with the session ID and
acustom header is created to notify the client.

The remainder of the code in doGet (), shown in Example 14.4, retrieves the current running total for
the session associated with the client, updates the total with the score the client sent and sends result
back to the client.

Example 14.4 Url_rewrite.java

* Url_rewrite.java

*

* Use Java servlets sessions to tally golf scores.
* Session management is done using url-rewriting.

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.io.™;
import java.io.*;

public class Url_rewrite extends MIDlet implements CommandListener

{
private Display display; // Reference to display object
private Form fmMain; // The main form
private TextField tfScore; // Enter new score

private int indxTextField; // Index on of the textfield
private Stringltem siTotal; // Running total

private Command cmEXit; // A Command to exit the MIDlet
private Command cmUpdate; // Update score on servlet

private int holeNumber = 1; // Current hole

private static final int MAX _HOLES = 18;

private String url =
"http://www.mycgiserver.com/servlet/corej2me.Url_rewriteServiet";

public Url_rewrite()
{
display = Display.getDisplay(this);

// Enter scores
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tfScore = new TextField("Enter score for Hole #1",
", 2, TextField.NUMERIC);

// Current running total
siTotal = new Stringltem("Total: ", "");

// Commands
cmExit = new Command("Exit', Command.EXIT, 1);
cmUpdate = new Command(*'Send', Command.SCREEN,?2);

// Create Form, add components, listen for events
fmMain = new Form(*"");

// Save index of textfield, it is removed

// after entering 18 values

indxTextField = fmMain.append(tfScore);
fmMain.append(siTotal);
fmMain.addCommand(cmExit);
fmMain.addCommand(cmUpdate) ;
fmMain.setCommandListener(this);

}

public void startApp()

display.setCurrent(fmMain);
}

public void pauseApp(Q)
{1}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)

{

ifT (c == cmExit)

{
destroyApp(false);
notifyDestroyed();

s

else if (c == cmUpdate) // Send score for next hole
{
// 1T nothing in the text field or max scores entered
if (tfScore.getString().equals(C™) ||
holeNumber > MAX_HOLES)
return;
else
{
try
{
// Update the score on remote server
updateTotal (tfScore.getString());
// If entered the maximum, remove the
// textfield from the form
if (++holeNumber > MAX HOLES)
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{
fmMain.delete(indxTextField);

return;

}

// Change the label & reset contents
tfScore.setLabel (""Enter score for Hole #" +
holeNumber) ;
tfScore.setString(*"");

catch (Exception e)

{
System.err._printIn(*'Msg: " + e.toString());
}
}
}

}
o
* Send client request. Receive server response
*
* Client: Send score for next hole.
*
* Server: Check for custom header "Custom-newURL*®
* IT found, update the MIDlet URL for all
* future requests. Any data returned is
* current total for all scores entered.
K */
private void updateTotal (String score) throws I0Exception
{

HttpConnection http = null;
InputStream iStrm = null;
boolean ret = false;

try

{
// When using GET, append data onto the url

String completeURL = url + "?" + "score=" + score;
http = (HttpConnection) Connector.open(completeURL);

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information - none

// 1T you experience connection/10 problems, try
// removing the comment from the following line
//http.setRequestProperty(‘'Connection’™, "close™);

// 3) Send body/data - data is at the end of URL

iStrm = http.openlnputStream();
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// 1) Get status Line - ignore for now
// System.out._printIn("Msg: " + http.getResponseMessage());
// System.out.printIn('Code: "™ + http.getResponseCode());

// 2) Get header information

// See ifT header includes a rewritten url

// if yes, update url for all future servlet requests
String URLwithID = http.getHeaderField(*'Custom-newURL");

if (URLwithID != null)
url = URLwithlD;

// 3) Get body/data - the new running total is returned
String str;

int length = (int) http.getLength();
if (length = -1)
{

byte servletData[] = new byte[length];
iStrm.read(serviletData);
str = new String(servletData);

else // Length not available...

{
ByteArrayOutputStream bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

str = new String(bStrm.toByteArray());
bStrm.close();

}

// Update the stringitem that shows total
siTotal .setText(str);

}
finally

{
// Clean up
if (iStrm = null)
iStrm.close();
if (http = null)
http.close();

Url_rewriteServlet.java

Use url-rewriting to manage sessions.

Keeps a running total of golf scores for a
round of 18 holes (client sends score for each
hole, one at a time).

% ok % ok X o N

package corej2me; // Required for mycgiserver.com
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import java.util.*;

import java.io.™;

import javax.servlet.*;
import javax.servlet_http.*;

public class Url_rewriteServlet extends HttpServlet

{

public void init(ServletConfig config) throws ServletException
{
super.init(config);

}

protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I10Exception

{
try
{
// Get session information
HttpSession session = req.getSession(true);

// If a new session, we need to rewrite the URL for client
if (session.isNew())

// Get the URL that got us here
String incomingURL =
HttpUtils.getRequestURL(req) -toString();

// Encode by adding session ID onto URL
String URLwithID = res.encodeURL(incomingURL);

// Send back a header to client with new re-written URL
res.setHeader ("'Custom-newURL", URLwithlID);

}

// Get the next score (parameter) passed in

int nextScore = Integer.parselnt(req.getParameter(''score'™));

// Get the ongoing total saved as part of the session
// Convert to an integer "object"
Integer sessionTotal =

(Integer) session.getValue(''sessionTotal');

// Running total from session and score passed in
int runningTotal = nextScore;
if (sessionTotal != null)

runningTotal += sessionTotal.intValue();

// Update the session total, must save as an "object”
session.putValue('sessionTotal™, new Integer(runningTotal));

// Send back to client the new running total
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res.setContentType("text/plain'™);
PrintWriter out = res.getWriter();
out.write(Integer.toString(runningTotal));
out.close();

}

catch (Exception e)

{
System.err._printIn(*'Msg: " + e.toString());

public String getServletinfo()
{

}
}

Note: You do not need to compile the servlet code to run this MIDlet.
The compiled code is online at the url specified in the MIDlet:

return "Url_rewriteServlet 1.0 - www.corej2me.com";

"http://www.mycgiserver.com/servlet/corej2me.Url_rewriteServiet"

Keeps a running total of golf scores for a
round of 18 holes (client sends score for each

/
*
*
* Use url-rewriting to manage sessions.
*
*
* hole, one at a time).

*

package corej2me; // Required for mycgiserver.com

import java.util._*;

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;

public class Url_rewriteServlet extends HttpServlet

{

public void init(ServletConfig config) throws ServletException

{
}

super.init(config);

protected void doGet(HttpServletRequest req,
HttpServletResponse res)
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throws ServletException, I10Exception

try

// Get session information
HttpSession session = req.getSession(true);

// If a new session, we need to rewrite the URL for client
if (session.isNew())

// Get the URL that got us here
String incomingURL =
HttpUtils.getRequestURL(req) -toString();

// Encode by adding session ID onto URL
String URLwithID = res.encodeURL(incomingURL);

// Send back a header to client with new re-written URL
res.setHeader ("'Custom-newURL", URLwithlID);
}

// Get the next score (parameter) passed in
int nextScore = Integer.parselnt(req.getParameter(*'score'™));

// Get the ongoing total saved as part of the session
// Convert to an integer "object"
Integer sessionTotal =

(Integer) session.getValue(''sessionTotal™);

// Running total from session and score passed in
int runningTotal = nextScore;
if (sessionTotal != null)

runningTotal += sessionTotal.intValue();

// Update the session total, must save as an "object"
session.putValue('sessionTotal’, new Integer(runningTotal));

// Send back to client the new running total
res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out.write(Integer.toString(runningTotal));
out.close();

catch (Exception e)

{
System.err.printIn("'Msg: " + e.toString());

}
}
S
* Information about servlet
K */
public String getServletinfo()
{

return "Url_rewriteServlet 1.0 - www.corej2me.com";
}

414



}

Example: Cookies

| frequent one website to catch up on news, check the value of my investments and see the current
weather forecast. Aslong as | access the site from the same computer, | never need to log on, yet the
site brings up information that | have previously set as my preferences (news and weather for my
hometown, stocksthat | have invested in, etc.).

How is such an interaction accomplished? Typically it's done through the use of a cookie. Let'swalk
through a hypothetical scenario:

e Youvisit awebsite and set your preferences.

e Theweb server stores your preferences in a database on the server.

e A cookieissent to your browser containing the row number in the database where your
preferences are stored.

e Thebrowser stores the cookie on your local file system.

e When returning to the same site, your browser sends the cookie with the unique row number
to the web server.

e Theweb server queries the database using the row number, compiles information based on
your preferences and sends the results to your browser.

Although thisinteraction is simplified, such a scenario may be one means for awebsite to provide a
custom interface.

HTTP State Management Mechanism
Y ou can read the specifics of state management using cookies by following this link:
HTTP State Management Mechanism

http://www.ietf.org/rfc/rfc2109.txt

In its broadest definition a cookie is akey-value pair, asin 1D=1234567. There are a number of
optional parameters that may by sent as part of a cookie (such as how long to store the cookie on the
client), but for our needs this definition will be adequate.

Let'swrite an example that allows a server (more specifically, a Java servlet) to uniquely identify a
MIDlet (the client) using a cookie.

Upon receiving the first request from the client, the serviet will create aunique ID. ThisD, aong
with the current date, will be stored in a database (more on thisin a moment). The servlet will send to
the client a header containing the ID. To keep areferenceto the ID, the client will write thisvalueto
persistent storage and this ID will act as the cookie (see Figure 14-14).

Figure 14-14. Initial request from client to server
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http://www.ietf.org/rfc/rfc2109.txt

hitp:ffwww__xyz_.com

'
-

Create unique 1D
Client Sarver Store 1D in database
Send ID as a cookie

-~

Header
Cookie with 1D

Each subsequent request from the client to the servlet will be accompanied by a header with the
cookie that uniquely identifies the client. To verify that the client has been identified by the servlet,
the servlet will look up the client ID in adatabase, retrieve the date the client visited (last access date)
and return this as the body to the client. The client will in turn display the date on the device.

Figure 14-15. All subsequent requests from client will send cookie (ID) in the header

hitpffwww._xyz_.com
Headar with 1D in cookie
- Lookup ID in database
Client Server Send last qccese. date
Update ID in database
-1 with current date
Body
Last access date

In Figure 1416, the client displays the unique ID generated by the servlet upon the client's first visit.
With each subsequent visit, the ID is passed to the servlet and the last visit date is retrieved from the
database and returned to the client. Figure 14-17 shows the client display for two additional visits.

Figure 14-16. First visit to the server. Displayed is the unique client ID generated by
the servlet.

[F il B
First visit
Clignt : ID=901

Figure 14-17. Client accessing the servlet at two different times



ITlll“
Last access

Jul 23 - 02:07 A

Client Implementation

Whenever the MIDlet is started, the method readCookie() iscalled to try and locate the cookie
(client ID) in persistent storage. Thisis analogous to your web browser looking for a cookie on thefile
system. If arecord isfound, the contents are stored in the variable cookie. If not, the variable will
have avalue of nul I (the latter istrue the first time the MIDIet isrun, prior to connecting with the
serviet).

public void readCookie()
{

if (rs.getNumRecords() > 0)

// Only one record will ever be written, safe to use "1°
if (rs.getRecordSize(1l) > recData.length)
recData = new byte[rs.getRecordSize(1)];

len = rs.getRecord(1, recData, 0);

cookie = new String(recData);

}
}

}

The method connect () will be called when the user selects "Logon" (see Figure 14-16). The client
request is created with the request method GET. X If a cookie has been read from persistent storage
(which won't be the case on the first call to the servlet), a header is sent with the contents of the cookie.

Y This could be done using POST as well. It sounds like a good exercise.

private void connect() throws I0Exception

{

try

// Create the connection
http = (HttpConnection) Connector.open(url);
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// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 2) Send header information
if (cookie !'= null)
http.setRequestProperty(‘'cookie'™, cookie);

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

}

Upon receiving aresponse from the servlet, the client will look for a header with the key set-
cookie. 22 |f acookie was received, thisis the first contact with the servlet, and the value of the
cookie isthe unique ID the servlet created for the client. The client will store thisvalue in persistent
storage and sets the variable cooki e equal to that same value.

(%l The set-cookie header sent from a server must not exceed 256 bytes for MIDP devices.

// 1) Get status Line
if (http.getResponseCode() == HttpConnection_HTTP_OK)

// 2) Get header information
String tmpCookie = http.getHeaderField("'set-cookie™);
// Cookie will only be sent back from server only if
// client (us) did not send a cookie in the first place.
// If a cookie is returned, we need to save it to rms
if (tmpCookie = null)
{

writeRecord(tmpCookie);

// Update the MIDlet cookie variable
cookie = tmpCookie;

fmMain._.append('First visit\n);
fmMain._.append(*'Client : ™ + cookie + "\n"");

else // No cookie sent from server

{

// 3) Get data, which is the last time of access
iStrm = http.openlnputStream();
int length = (int) http.getLength();
String str;
if (length 1= -1)
{
byte serverData[] = new byte[length];
iStrm.read(serverData);
str = new String(serverData);
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else // Length not available...

{
bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

str = new String(bStrm.toByteArray());
}

// Append data to the form
fmMain.append(*'Last access:\n" + str + "\n'");
}

}

The next request from the client to the servlet will include the cookie that has the client's unique ID.
Upon receiving the client request, the serviet will locate the ID in a database and return the date of the
client'slast visit. The client code to read and display the last visit data from the servlet is shown in the
preceding code in step 3.

The reason for saving and displaying the last access date is only to verify that the client is being
recognized by the servlet. Y ou could extend this idea to save whatever would be appropriate for your
application. For example, an online game may make use of cookies to associate a client (an individual
playing the game) with a score stored in a database.

Server Implementation

The core functionality provided by the servlet isin doGet (). The first request from the client will not
contain acookie. In this case the servlet will create a unique ID for the client (more onthisina
moment), get the current date and write both valuesto the database. A cookie will also be created that
contains the ID and will be sent as part of the header in response to the client.

void doGet(HttpServletRequest req, HttpServletResponse res)
{

// Get cookie from the header

Cookie[] cookies = req.getCookies();

// If cookie passed in...

// 1) Lookup the client ID in the database

// and save the last access date

// 2) Update the last access date in database
// 3) Return to the client date from step 1

if (cookies.length = 0)

{
// There will be only one cookie
Cookie theCookie = cookies[0];
String id = theCookie.getValue();

// Lookup client ID and get last access date

String strlLastAccess =
lookupLastAccessDate(Integer.parselnt(id));
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// Update database with current date
updatelLastAccessDate(Integer.parselnt(id));

// Send back the last access date to the client
res.setContentType(""text/plain'™);

PrintWriter out = res.getWriter();
out._print(strLastAccess);

out.close();

}

else // No Cookie

{
/)~
// Generate a client ID. To keep the database
// from growing out of control, this will not
// generate a new ID for each client.
// lInstead, grab a random ID from the array
// clientID"s[]. The end result is the same
// as far as the client is concerned.
/e

// Random value between O and the number of

// entries in the client list array

int random = (int) Math._.round(clientlIDs.length *
Math.random());

// Get the client ID to send in the cookie
int ID = clientlIDs[random];

// Update database with current date
updatelLastAccessDate(ID);

// Create new cookie and send ID in the header
Cookie cookie = new Cookie(""ID", Integer.toString(ID));
res.addCookie(cookie);

Servlet methods

The method doGet () is called when aclient sends a request method of GET. doPost() is
called when a client sends arequest method of POST.

Subsequent requests from the client will be accompanied by the cookie. Using the ID of the cookie

lookupLastAccessDate () will search the database for the client ID.
String strlLastAccess = lookupLastAccessDate(lInteger.parselnt(id));
If amatch isfound, the last access date will be returned to the client.

res.setContentType("text/plain');
PrintWriter out = res.getWriter();
out._print(strLastAccess);
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Hereisthe format of the database, cl ientinfo, used by the servlet.

clientl D (integer) L astAccess (varchar)

123

456

789 \

1225 \

701

901

To keep the database from growing out of control, arow will not be inserted for each new client
request. Instead, the database will have six unique IDs, and accordingly, six rows. When a new client
request is received, the ID generated for the client will be pulled from a"pool” of IDs, which are
storedinthearray clientlIDs[] -

In a production environment this approach would be unacceptable. However, for our needs to test the
interaction between the client and server, thisimplementation will suffice.

The code to search and update the database is included in Example 14.5.

Example 14.5 Cookie.java

*

Pass a cookie (stored in rms) between the MIDlet
and a Java servlet. The cookie is generated
by the servlet on the first visit.

Ok % X X XN\

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.rms.*;
import javax.microedition.io.™;
import java.io.*;
public class Cookie extends MIDlet implements CommandListener
{
private Display display;
private TextBox tbMain;
private Form fmMain;
private Command cmEXit;
private Command cmLogon;
private String cookie = null;
private RecordStore rs = null;
static final String REC_STORE = "rms_cookie";
private String url =
“"http://www._mycgiserver.com/servlet/corej2me.CookieServilet";

public Cookie()
display = Display.getDisplay(this);

// Create commands
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cmExit = new Command("Exit'", Command.EXIT, 1);
cmLogon = new Command(''Logon', Command.SCREEN, 2);

// Create the form, add commands, listen for events
fmMain = new Form(*"");

fmMain.addCommand(cmExit);
fmMain.addCommand(cmLogon) ;
fmMain.setCommandListener(this);

// Read cookie if available
openRecStore();
readCookie();

// System.out.printIn('Client cookie: " + cookie);
}

public void startApp()

{
display.setCurrent(fmMain);

public void pauseApp()

{}
public void destroyApp(boolean unconditional)
{
closeRecStore(); // Close record store
}
public void openRecStore()
{
try

// The second parameter indicates that the record store
// should be created if it does not exist
rs = RecordStore.openRecordStore(REC_STORE, true);

catch (Exception e)

db('open " + e.toString());

}
}

public void closeRecStore()

{
try

{
rs.closeRecordStore();
catch (Exception e)

db('close " + e.toString());

* Write cookie to rms



public void writeRecord(String str)

{
byte[] rec = str.getBytes();
try

{

rs.addRecord(rec, 0, rec.length);
catch (Exceptione)

do("write " + e.toString());

* Read cookie from rms

public void readCookie()

{
try

{
byte[] recData = new byte[25];

int len;
if (rs.getNumRecords() > 0)
{

// Only one record will ever be written, safe to use
if (rs.getRecordSize(1l) > recData.length)

recData = new byte[rs.getRecordSize(1)];
len = rs.getRecord(1, recData, 0);

cookie = new String(recData);

}

catch (Exception e)

db('read " + e.toString());

}
}
)
* Send client request and recieve server response
*
* Client: If cookie exists, send it to the server
*
* Server: If cookie is sent back, this is the
* clients first request to the server. In
* that case, save the cookie. ITf no cookie
* sent, display server body (which indicates
* the last time the MIDlet contacted server).
K o e ————,——,————— */
private void connect() throws I0Exception
{

InputStream iStrm = null;
ByteArrayOutputStream bStrm = null;
HttpConnection http = null;
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try

// Create the connection
http = (HttpConnection) Connector.open(url);

// 1) Send request method
http.setRequestMethod(HttpConnection.GET);

// 1T you experience connection/10 problems, try
// removing the comment from the following line
//http.setRequestProperty(“'Connection™, "close™);

// 2) Send header information
if (cookie '= null)
http.setRequestProperty(*'cookie'™, cookie);

// System.out.printIn("Client cookie: " + cookie);

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

// 1) Get status Line
if (http.getResponseCode() == HttpConnection_HTTP_OK)

// 2) Get header information
String tmpCookie = http.getHeaderField("'set-cookie™);

// System.out._printIn(server cookie: " + tmpCookie);

// Cookie will only be sent back from server only if

// client (us) did not send a cookie in the Ffirst place.
// If a cookie is returned, we need to save it to rms
if (tmpCookie != null)

writeRecord(tmpCookie);

// Update the MIDlet cookie variable
cookie = tmpCookie;

fmMain.append('First visit\n");
fmMain.append(*'Client : "™ + cookie + '"\n");

else // No cookie sent from server
{
// 3) Get data, which is the last time of access
iStrm = http.openlnputStream();
int length = (int) http.getLength();
String str;
if (length 1= -1)
{
byte serverData[] = new byte[length];
iStrm.read(serverData);

424



str = new String(serverData);

else // Length not available...

{
bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) != -1)
bStrm.write(ch);

str = new String(bStrm.toByteArray());
}

// Append data to the form
fmMain.append(*'Last access:\n" + str + "\n"");

}
}

}
finally

// Clean up
if (iStrm = null)
iStrm.close();
if (bStrm != null)
bStrm.close();
it (http = null)
http.close();

public void commandAction(Command c, Displayable s)

{

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

destroyApp(false);
notifyDestroyed();

else if (c == cmLogon)
{
try

// Logon to the servlet
connect();

catch (Exception e)

db(*connect " + e.toString());

* Simple message to console for debug/errors
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* When used with Exceptions we should handle the
* error in a more appropriate manner.

K */
private void db(String str)
{
System.err.printIn("'Msg: " + str);
}
}
o

* CookieServlet. java

*

* Use a cookie to identify clients
package corej2me; // Required for mycgiserver.com

import java.util.*;

import java.io.™;

import javax.servlet.*;
import javax.servlet_http.*;
import java.sql.*;

import java.text.*;

public class CookieServlet extends HttpServlet
{
// Pool of client ID"s
private static int[] clientlDs = {123, 456, 789, 901, 225, 701};

protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I10Exception
{
// Get cookie from the header
Cookie[] cookies = req.getCookies();

// 1T cookie passed in...

// 1) Lookup the client ID in the database
// and save the last access date

// 2) Update the last access date in database
// 3) Return to the client date from step 1

if (cookies.length = 0)

// There will be only one cookie
Cookie theCookie = cookies[0];
Stringid = theCookie.getValue();
// Lookup client ID and get last access date
String strlLastAccess =
lookupLastAccessDate(Integer.parselnt(id));

// Update database with current date
updatelLastAccessDate(Integer.parselnt(id));

// Send back the last access date to the client
res.setContentType("text/plain');

PrintWriter out = res.getWriter();
out.print(strLastAccess);
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out.close();

b
else // No Cookie

{
/-
// Generate a client ID. To keep the database
// from growing out of control, this will not
// generate a new ID for each client.
// Instead, grab a random ID from the array
// clientID"s[]. The end result is the same
// as far as the client is concerned.
/-
// Random value between 0 and the number of
// entries in the client list array
int random = (int)
Math.round(clientlDs.length * Math.random());
// Get the client ID to send in the cookie
int ID = clientlIDs[random];
// Update database with current date
updatelLastAccessDate(ID);
// Create new cookie and send ID in the header
Cookie cookie = new Cookie(""ID", Integer.toString(ID));
res.addCookie(cookie);
}
}
)
* Update database with last access date for client ID
* *
_________________________________________________ /
private void updatelLastAccessDate(int ID)
{

Connection con = null;
Statement st = null;
StringBuffer msgb = new StringBuffer('"");

try

{
// These will vary depending on your server/database
Class.forName(''sun. jdbc.odbc.JdbcOdbcDriver'™);
con = DriverManager.getConnection(*jdbc:odbc:acctinfo'™);

Statement stmt = con.createStatement();

// Create a date format
SimpleDateFormat format =

new SimpleDateFormat ("'MMM dd - hh:mm aa'™);
String strDate = format.format(new java.util.Date());

ResultSet rs =
stmt.executeQuery(""UPDATE clientinfo set lastAccess = """ +
strDate + " where clientlD = " + ID);

catch (Exception e)

{3}
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* Lookup the client ID in database and get the
* last access date

private String lookupLastAccessDate(int id)
{
Connection con = null;
Statement st = null;
StringBuffer msgb = new StringBuffer('");
try
{
// These will vary depending on your server/database
Class.forName("'sun. jdbc.odbc.JdbcOdbcDriver'™);
con = DriverManager.getConnection("jdbc:odbc:acctinfo'™);

Statement stmt = con.createStatement();
ResultSet rs =
stmt.executeQuery(*'Select lastAccess from
clientinfo where clientlD = " + id);

if (rs.next())

return rs.getString(1);
else

return null;

}
catch (Exception e)

{
return e.toString();

public String getServletinfo()
{

}

return "CookieServlet 1.0 - www.corej2me.com™;

Note: You do not need to compile the servlet code to run this MIDlet.
The compiled code is online at the url specified in the MIDlet:

" http://www.mycgiserver.com/servlet/corej2me.CookieServiet"

CookieServlet. java

Use a cookie to identify clients

package corej2me; // Required for mycgiserver.com
import java.util.*;

import java.io.™;
import javax.servlet.*;
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import javax.servlet.http.*;
import java.sql.*;
import java.text.*;

public class CookieServlet extends HttpServiet

// Pool of client ID"s
private static int[] clientlDs = {123, 456, 789, 901, 225, 701};

protected void doGet(HttpServletRequest req,
HttpServletResponse res)
throws ServletException, I10Exception

// Get cookie from the header
Cookie[] cookies = req.getCookies();

// 1f cookie passed in...

// 1) Lookup the client ID in the database
// and save the last access date

// 2) Update the last access date in database
// 3) Return to the client date from step 1

if (cookies.length I= 0)
{
// There will be only one cookie
Cookie theCookie = cookies[0];
String id = theCookie.getValue();
// Lookup client ID and get last access date
String strlLastAccess =
lookupLastAccessDate(Integer.parselnt(id));

// Update database with current date
updatelLastAccessDate(Integer.parselnt(id));

// Send back the last access date to the client
res.setContentType("text/plain');

PrintWriter out = res.getWriter();
out._print(strLastAccess);

out.close();

}

else // No Cookie

{
/) -
// Generate a client ID. To keep the database
// from growing out of control, this will not
// generate a new ID for each client.
// Instead, grab a random ID from the array
// clientlD"s[]. The end result is the same
// as far as the client is concerned.
/-

// Random value between 0 and the number of
// entries in the client list array
int random = (int)
Math.round(clientlDs.length * Math.random());
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// Get the client ID to send in the cookie
int ID = clientIDs[random];

// Update database with current date
updatelLastAccessDate(ID);

// Create new cookie and send ID in the header
Cookie cookie = new Cookie("'ID", Integer.toString(ID));
res.addCookie(cookie);

private void updatelLastAccessDate(int ID)
{

Connection con = null;

Statement st = null;

StringBuffer msgb = new StringBuffer('");

try

{
// These will vary depending on your server/database
Class.forName("'sun. jdbc.odbc.JdbcOdbcDriver'™);
con = DriverManager.getConnection("jdbc:odbc:acctinfo'™);

Statement stmt = con.createStatement();

// Create a date format
SimpleDateFormat format =

new SimpleDateFormat ("'MMM dd - hh:mm aa'™);
String strDate = format.format(new java.util_Date());

ResultSet rs =
stmt.executeQuery(""UPDATE clientinfo set lastAccess = ""
strDate + "" where clientID = " + ID);

}
catch (Exception e)

{3}
}

* Lookup the client ID in database and get the
* last access date

private String lookupLastAccessDate(int id)
{

Connection con = null;
Statement st = null;
StringBuffer msgb = new StringBuffer('"");

try
// These will vary depending on your server/database

Class.forName(*'sun.jdbc.odbc.JdbcOdbcDriver'™);
con = DriverManager.getConnection(*'jdbc:odbc:acctinfo™);
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Statement stmt = con.createStatement();
ResultSet rs =
stmt._executeQuery(*'Select lastAccess from
clientinfo where clientlD = " + id);

it (rs.next())

return rs.getString(1);
else

return null;

catch (Exception e)

{

return e.toString();
}
}
T
* Information about servilet
A e, ———— */
public String getServletinfo()
{

return "CookieServlet 1.0 - www.corej2me.com™;
}

}

Example: Download Data in the Background

Each of the examples we've encountered up to this point have been received or transmitted minimal
amounts of data. When downloading afile, for instance, we only had to wait a few seconds to see the
results. Obvioudly, thiswon't always be the case.

If you intend to write MIDlets that communicate over a network it will be important to make the
applications as responsive as possible. Put another way, if a user is sending or receiving information,
they should ideally have the option to continue to use the application while the communication is
completed in the background.

The last example for this chapter is a modification of the PNG viewer that we wrote earlier. In the first
version of the MIDIet, once the download of the image was initiated, the application would ssmply
wait for the download to complete. It almost appears asif the application has "locked up." The version
that we will write in this section will download the image in a separate thread, |eaving the application
responsive to user .

Here's how the MIDIet works. The main interface is atextbox that accepts the URL of a PNG image
(see the screen-shot on the left in Figure 14-18). Once View has been selected, an dert is shown
indicating the download has begun (see Figure 14-18 on the right). The dert is not modal; instead, it
will appear on the display for approximately 3 seconds.

Figure 14-18. Enter URL to download a PNG image(left). Once View is selected, an
Alert is shown indicating the download has begun.
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After the alert has been displayed, the user will be returned to the textbox. Because the download is
working through a separate thread, the user can move about, asindicated in the left screen-shot in

Figure 14-19. Notice that | have deleted several charactersin the textbox to show that the interfaceis
responsive.

Figure 14-19. While waiting for the download, the TextBox is responsive to user input
(left). Once complete, an Alert is shown.

hitphanman, corej
2me.comimidph

Once the download is complete, the thread notifies the MIDlet and an alert is displayed to indicate
whether or not the download was successful (see the screen-shot on the right of Figure 14-19).

If the download is successful, the image is displayed on aform (see Figure 14-20). Should the
download fail, the user is once again returned to the textbox.

Figure 14-20. PNG image displayed on a Form
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* ViewPngThread. java

Download and view a png file. The download is
done in the background with a separate thread

* % &

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

public class ViewPngThread extends MIDlet
implements CommandListener
{

private Display display;

private TextBox tbMain;

private Alert alStatus;

private Form fmViewPng;

private Command cmEXit;

private Command cmView;

private Command cmBack;

private static final int ALERT DISPLAY TIME = 3000;
Image im = null;

public ViewPngThread()

{
display = Display.getDisplay(this);

// Create the Main textbox with a maximum of 75 characters
tbMain = new TextBox(“Enter url",
"http://www.corej2me.com/midpbook vlel/chl4/bird.png", 75, 0);

// Create commands and add to textbox

cmExit = new Command("Exit', Command.EXIT, 1);
cmView = new Command(*'View', Command.SCREEN, 2);
tbMain.addCommand(cmExit);
tbMain.addCommand(cmView );
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// Set up a listener for textbox
tbMain.setCommandListener(this);

// Create the form that will hold the png image
fmViewPng = new Form(""");

// Create commands and add to form
cmBack = new Command(*‘Back', Command.BACK, 1);
fmViewPng.addCommand(cmBack) ;

// Set up a listener for form
fmViewPng.setCommandListener(this);

}

public void startApp(Q
{
display.setCurrent(tbMain);

}

public void pauseApp()
{1}

public void destroyApp(boolean unconditional)

{3}

public void commandAction(Command c, Displayable s)
{

// 1f the Command button pressed was "Exit"

if (c == cmExit)

destroyApp(false);
notifyDestroyed();

else if (c == cmView)
{
// Show alert indicating we are starting a download.
// This alert is NOT modal, it appears for
// approximately 3 seconds (see ALERT_DISPLAY_TIME)
showAlert("'Downloading', false, tbMain);
// Create an instance of the class that will
// download the file in a separate thread
Downlload dlI = new Download(tbMain.getString(), this);

// Start the thread/download
dl_start();

}
else if (c == cmBack)
{
display.setCurrent(tbMain);
}
}
S

* Called by the thread after attempting to download
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(o]

LA I B N

an image. If the parameter is "true” the download
was successful, and the image is shown on a form.
IT parameter is "false® the download failed, and
the user is returned to the textbox.

In either case, show an alert indicating the
the result of the download.

ublic void showlmage(boolean flag)

AT Ok ok ok % X X X X

// Download failed...
if (flag == false)
{

// Alert followed by the main textbox
showAlert(*'Download Failure', true, tbMain);

else // Successful download...
{
Imageltem 11 = new Imageltem(null, im,
Imageltem.LAYOUT DEFAULT, null);

// 1T there is already an image, set (replace) it
if (fmViewPng.size() !'= 0)
fmViewPng.set(0, ii);
else // Append the image to the empty form
fmViewPng.append(ii);
// Alert followed by the form holding the image
showAlert(*'Download Successful®, true, fmViewPng);

* Show an alert with the parameters determining
* the type (modal or not) and the displayable to
* show after the alert is dismissed

public void showAlert(String msg, boolean modal,
Displayable displayable)

// Create alert, add text, associate a sound
alStatus = new Alert("Status', msg, null, AlertType.INFO);

// Set the alert type
if (modal)
alStatus.setTimeout(Alert.FOREVER);
else
alStatus.setTimeout(ALERT _DISPLAY_TIME);
// Show the alert, followed by the displayable
display.setCurrent(alStatus, displayable);

Class — Download

Downlload an image file in a separate thread



class Download implements Runnable

{

private String url;
private ViewPngThread MIDlet;
private boolean downloadSuccess = false;

public Download(String url, ViewPngThread MIDlet)

this.url = url;
this.MIDlet = MIDlet;

public void run()

{
try

{
getlmage(url);

catch (Exception e)

{
System.err._printIn(*'Msg: " + e.toString());

public void start(Q)

{
Thread thread = new Thread(this);

try
thread.start();

catch (Exception e)

{

}
}
)
* Open connection and download png into a byte array.
A e e e e */
private void getlmage(String url) throws I0Exception
{

ContentConnection connection =
(ContentConnection) Connector.open(url);
InputStream iStrm = connection.openlnputStream();
ByteArrayOutputStream bStrm = null;
Image im = null;
try
{
// ContentConnection includes a length method
byte imageData[];
int length = (int) connection.getLength();
if (length 1= -1)
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imageData = new byte[length];

// Read the png into an array
iStrm.read(imageData);

else // Length not available...

{
bStrm = new ByteArrayOutputStream();

int ch;
while ((ch = iStrm.read()) = -1)
bStrm.write(ch);

imageData = bStrm.toByteArray();
}

// Create the image from the byte array
im = Image.createlmage(imageData, 0, imageData.length);
3
finally
{
// Clean up
if (connection != null)
connection.close();
if (iStrm = null)
iStrm.close();
if (bStrm != null)
bStrm.close();

}

// Return to the caller the status of the download
if (im == null)

MIDIet.showlmage(false);
else

MIDIet.im = im;
MIDlIet.showlmage(true);

}
}
}

Begin by looking at the codein commandAction(). Once the user selects View we display an aert
and create an instance of the class that will download the image. Before leaving, we begin the
download by starting the thread.

else if (c == cmView)
showAlert(*'Downloading’, false, tbMain);
// Create an instance of the class that will
// download the file in a separate thread
Download dlI = new Download(tbMain.getString(), this);

// Start the thread/download
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dl.start();
}

The code that downloads the image is basically the same code we've used before. All that's changed is
that once the download has completed, we need to determine whether or not it was successful and
return this status to the MIDlet. Here is a section of code from the method getlImage ().

// Return to the caller the status of the download
if (im == null)

MIDIet.showlmage(false);
else

MIDIet.im = im;
MiIDlIet.showlmage(true);
}

There are two remaining steps. First, show an aert indicating whether or not the download was
successful. Second, if the download was successful display aform with the image; otherwise, return to
the textbox.

These two steps are carried out over two methods. showlImage () and showAlert(). Thefirst
method deciphers the result of the download and prepares a call to the second method. Noticein
showlImage () that if the download was successful an Image l tem is created and placed onto aform.

One more important point: the final parameter passed to showAlert() istheDisplayable object
to show once the alert is dismissed. In the case of a successful download the form fmViewPng,
containing the image, is shown. For afailed download, the textbox thMain is displayed.

public void showlmage(boolean flag)
if (flag == false)

// Alert followed by the main textbox
showAlert("'Download Failure', true, tbMain);

else // SuccessfTul download...
{
Imageltem 1i = new Imageltem(null, im,
Imageltem.LAYOUT_DEFAULT, null);

// If there is already an image, set (replace) it
iT (fmViewPng.size() != 0)
fmViewPng.set(0, ii);
else // Append the image to the empty form
fmViewPng.append(ii);

// Alert followed by the form holding the image
showAlert("'Download Successful', true, fmViewPng);
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Inside showAlert() an aert component is constructed based on the parameters passed in. The last
line of this method sets the current displayable to the alert, and once acknowledged by the user, the
displayable becomes the value passed in from the method showImage ().

public void showAlert(String msg, boolean modal,
Displayable displayable)

// Create alert, add text, associate a sound
alStatus = new Alert('Status’™, msg, null, AlertType.INFO);
// Set the alert type
it (modal)
alStatus.setTimeout(Alert.FOREVER);
else
alStatus.setTimeout(ALERT_DISPLAY_TIME);

// Show the alert, followed by the displayable
display.setCurrent(alStatus, displayable);
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Chapter 15. MIDP FOR THE PALM OS

Topicsin this Chapter

Device Requirements

Download

Installation

MIDlets

Configuring Preferences
o Advanced PRC Conversion
o Developer (Debugging) Application
o Pam OS Implementation

Running MIDlets on a device with the Palm OS requires a few steps above and beyond what we've
addressed up to this point. In a nutshell, the Java software must be installed and we need to convert a
MIDlet(s) to the format understood by the Palm OS, a Pilot resource file (PRC).

A few thoughts before moving on. All information presented in this chapter pertainsto "MIDP for
Palm OS, Version 1.0." If you download a newer version, there may very well be changes to both the
functionality, as well asthe look and feel.

For the remainder of this chapter, when using the word "device" thiswill refer to any device running
the Palm OS that has MIDP installed. If you don't have access to an actual device, see the sidebar
"Palm OS Emulator." Any differences between a device and the emulator, in regard to installation or
otherwise, will be noted throughout the chapter.

Palm APIs

There are no specific PAlm APIs supported in MIDP for the Palm OS. Although this may
seem to be an oversight, it isintentional. Y ou must remember that MIDP istargeted to a
wide range of mobile devices, from cellular phonesto PDAS. If there was an APl made
available for any one device, such as the Palm, MIDIet(s) would not be portable across al
devices that have aversion of MIDP installed.

Throughout this chapter the word synchronization will refer to the process of transferring software
from a computer to a device running the Palm OS and MIDP software. It is not important whether you
use the Palm Desktop =and HotSync or athird party application, aslong as the end result is the same,
that PRC files are successfully installed on the device.

Palm OS Emulator (POSE)

If you do not have a device that is running the Palm OS, but would like to write MIDlets for
this platform, you can download the Palm OS Emulator (POSE):

http://www.pal mos.com/dev/tech/tool s’femul ator/

The emulator can mimic various devices, including the Palm [11c, which supports color.
Alas. the emulator does not include a ROM imaae. which isthe actual OS stored as afile. If
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you join the Palm Alliance Program, you can download various ROM images onto your
computer and you are off and running:

http://www.palmos.com/alliance/join/

Because the emulator is running the actual OS that you'd find on a Palm device (or any
device running the Palm OS), there are few differ-ences that we need to concern ourselves
with. Therefore, the remainder of this chapter will only differentiate between using an
emulator versus a device when necessary.

Device Requirements

Before going any further, you need to verify that your device is running (emulator included) at least
version 3.5 or above of the PAlm OS. Y ou can locate the version number by starting the Application
Launcher, followed by tapping the Menu icon, each shown in Figure 15-1.

Figure 15-1. Application Launcher and Menu Icons

Once the menu appears, as shown on the left in Figure 15-2, select Info. From the information screen
choose Version.

Figure 15-2. Select "Info" followed by "Version"

Options

I ________nfo ]

Beam.. Free Memory: 7914K of T936K
I(nufiegnry... Date Book l |
= Address 1K +
@ b_") Connection 1K
Expenze  HotSwnc ail Nlail 1K
MWemo Pad 1K
% @ Met Library 1K
Merno Pad  Prefs Security Metwork L
@ System 19K +
ToDoList  Walcoma I: Crane :l| ersion | Records m

The version number will appear across the top of the display, asin Figure 15-3.

Figure 15-3. Palm OS version number
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Palm O%% software v. 3.5.0
Address v.35 %
Buttons v. 35 I
Calc v. 35
Connection v. 3.5
Date Book v. 35
Digitizer v. 35
Expense v.35 -
[: Cane :I YWersion [HEETGH | Size |

A few more stat's: Theinstalled footprint of the Java Software is approximately 585 kilobytes, not
including heap spaces requirements and memory consumed by arunning MIDlIet. It is recommended
that your device has at least 4 megabytes of memory.

Download
Y ou can download MIDP for the Palm OS from the following location:

http://java.sun.com/products/midp4pam

For Version 1.0, there were two separate downloads, one for the documentation, one for the program
files.

| recommend you extract the entire contents of each file, which totals approximately 2 megabytes,
onto alocal drive off the root directory. From here forward, thiswill be referred to as the install
directory.

Thefiles consist of the MIDP implementation for the Palm OS, demo applications in both JAR/JAD
and PRC formats, utilitiesto convert JAR/JAD filesto PRC files, documentation, and of course, the
obligatory license and copyright information.

Installation

The Java software for the Palm OS isreferred to as Java HQ (in release 1.0). This software must be
installed on the device before we can run MIDlets.

Installation of Java HQ is as simple as transferring the file MIDP . prc to the device. Locate thisfile in
theinstall directory (\PRCFi les) and perform a synchronization to transfer the file.

Note for POSE
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Right click on the emulator to bring up the options menu, see Figure 154. Select
Install Application/Database, choose Other to locate MIDP . prc.

Figure 15-4. Right click on the emulator to bring up the options menu.

' Palm 0S" Emulator

Exit

Mew, ..
Qpen
Close

Save

Save As...
Save Bound Emulatar, ..

Save Screen...

Install Application/Database
Export Database. .,
HakSyme

Reset

Transfer ROM, ..

Gremlins
Prafiling r
Settings L4

About Palrm ©5 Emulakar, ..

Y ou can verify the installation by returning to the Applications Launcher, locating the Java HQ icon,
and tapping it once. The About screen should appear as shown in Figure 15-5.

Figure 15-5. Application Launcher and Java HQ
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MIDlets

This section will cover all aspects of working with MIDlets using the Palm OS. Thisincludes
converting MIDlet suitesto Palm OSfiles, transferring MIDlets to a device, as well as running,
beaming and removing MIDlets.

PRC Converter Tool

MIDlet's are typically distributed as a pair of files, a JAD and JAR, which comprise the "MIDlet
suite." In order to run MIDlets on the Palm OS these files must be Converted to a Pam resource file

(PRC).

The PRC Converter Tool is aJava Swing application that is started from a command prompt, by
typing "converter" in the directory \Converter, located off the install directory. Once up and
running you'll see the screen shown in Figure 15-6.

Figure 15-6. Program to convert jad/jar file to .prc file

g B

The PRC Converter Tool converts Jawva
applications (MIDlets) into .prc files that can
be installed onto Palm 05 devices. WIDets
are composed of two parts: a jad and jar file

Click on the & icof to find jad/ jar files to
cotvert to a prc. i

JAVA_PATH

Before running the converter, you must have areference to the location of a JJDK or Java
Runtime Environment (JRE) directory in the environment variable JAVA_PATH. For
example:

JAVA PATH=c:\jdk1.3.1

or




|JAVA_PATH=c:\jre

Y ou have the option to specify the output location of the PRC files. From the File menu choose
Preferences, you'll see the screen shown in Figure 15—-7. From here you can select to have PRC files
written to the same location as the JAD/JAR files or specify adirectory (folder) elsewhere to house

the output.

Figure 15-7. Set location to store.prc files
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To continue the conversion process, select the Folder icon or choose Convert from the File menu. In
either case, the screen shown in Figure 15-8 will be displayed. Locate the JAD and JAR files you
would like to convert (both must exist in the same directory). Select Convert to generate the PRC file.

The original fileswill remain intact.

Figure 15-8. Locate the JAD/JAR file to convert
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Once the conversion is complete, we need to move the PRC file to the device. Thereis nothing special
about thistransfer: simply treat the PRC file as you would any other Palm OS application. Said
another way, synchronize the file from your computer to the device.

Note for POSE

Right-click on the emulator to bring up the options menu. Select Install
Application/Database and choose Other to locate the PRC file to install.

Run

A MIDlet isrun on aPalm OS device in exactly the same manner as any other application. From the
Application Launcher, tap the icon of the program.

Example: TodoList, Doodle and Translate

Let'sinstall and run three examples that were created earlier in the book. The first exampleis from
Chapter 12, the Todo List MIDIet. The original JAR and JAD files have been converted to a PRC file,
which islocated in the examples directory shown below:

\examples\ch15\TodoList\TodoList.prc

Creating the PRC file was as simple as pointing the PRC Converter Tool at TodoList. jad inthe
directory above. The second and third MIDIets are taken from examples in the Chapter 9, Doodle and
Trandate. | have combined these MIDlets into one suite. The resulting PRC file isin the following
directory:

\examples\ch15\Graphics\Graphics.prc
Here are the steps to create the PRC file:

1. Createanew directory for the MIDlet files

2. Copy bolt.png from\ examples\ch9\Translate to the new directory

3. Copy Translate.class and TranslateCanvas.class from\
examples\ch9\Translate to the new directory

4. Copy Doodle.class and DoodleCanvas.class from\examples\ch9\Doodle to
the new directory

5. Create afilemanifest. txt with the following contents:

MIDIet-Name: Graphics
MIDIet-Version: 1.0.0

MIDlIet-Vendor: Core J2ME Technology
MIDlet-1: Doodle, ,Doodle

MIDlet-2: Translate, ,Translate
MicroEdition-Profile: MIDP-1.0
MicroEdition-Configuration: CLDC-1.0
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6. CreateafileGraphics. jad with the following contents:

MIDIet-Name: Graphics
MIDIet-Version: 1.0.0
MIDIet-Vendor: Core J2ME Technology
MIDlet-1: Doodle, ,Doodle

MIDlet-2: Translate, ,Translate
MIDlet-Jar-URL: Graphics.jar
MIDIet-Jar-Size: 4578

7. Create aJAR file by running the Java archive application as follows:

jJar cvfm Graphics.jar manifest.txt Doodle.class
DoodleCanvas.class Translate.class
TranslateCanvas.class bolt.png

8. Create the PRC file by pointing the PRC Converter Tool at thefile Graphics. jad

Load both PRC files (TodoList.prc and Graphics. prc) onto your device by synchronizing, or
for POSE, installing as we have done previously. From the Application Launcher locate the icons
"Graphics' and "Todo List." Y ou should see adisplay similar to the left screen-shot in Figure 15-9.

Figure 15-9. Install MIDlets, "Todo List" and "Graphics"; Application Launcher "lcon
View" on left, "List View" on right
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Example 15.1 Graphics.jad

MIDIet-Name: Graphics
MIDIet-Version: 1.0.0
MIDlIet-Vendor: Core J2ME Technology
MIDlet-1: Doodle, ,Doodle

MIDlet-2: Translate, ,Translate
MIDIlet-Jar-URL: Graphics.jar
MIDIet-Jar-Size: 4147

Example 15.2 TodoList.jad

MIDlet-Name: Todo List
MIDlet-Version: 1.0.0
MIDlIet-Vendor: Core J2ME Technology
MIDlet-1: TodoList, ,TodoMIDlet
MIDlIet-Jar-URL: TodoList.jar
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MIDlet-Jar-Size: 9233
MIDlet-Data-Size: 1500

If you look closely at the left screen-shot in Figure 15-9 you'll see adight difference in the icons that
were created for each MIDLet: "Graphics' has what |ooks like several icons, one on top of the other.
If we compare the application descriptor files, it should be clear why the icons appear as they do.

Graphics. jad contains two MIDlets within the suite, Doodle and Trandate. TodoList. jad
contains just one MIDIet. Java HQ provides one of two default application icons depending on the
whether or not the suite contains one or more MIDlets. If the Application Launcher is switched to
"View by List" asecond set of default icons are shown for the MIDIets, see the right screen-shot in
Figure 15-9. In the section "Advanced PRC Conversion” we'll introduce an additional meansto
convert aMIDlet to a PRC file where we can specify the icon(s) associate with the MIDlet.

Tap on the "Graphics" icon to open the MIDlet suite. Once running, you'll see alist of the MIDlets
available, (see Figure 15-10). Choose the arrow next to the MIDlet you would like to run.

Figure 15-10. Multiple MIDlets within a suite; Doodle MIDlet running on the right

Graphics:Choose One: |
Eoecd: ———

Translate

Clear

Because there isonly one MIDlet in the TodoList. jad file, selecting the "Todo List" icon (from
Figure 15-9) immediately launches the application (see Figure 15-11).

Figure 15-11. Todo List MIDlet

Todo List:Todo List

O 1-Pay bills
O 2-Maw lawn
O 3-Change Sil

[ Add Toda :I I: Preferen... :I

Remove

To remove aMIDIet suite, return to the Applications Launcher and tap the Menu icon. From the menu
choose Delete, which will display alist of al the applications that you can remove (see Figure 15-12).
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Figure 15-12. Removing an application
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Once you choose an application there will be a screen to confirm your decision. After deletion, thereis

no going back (see Figure 15-13).

Figure 15-13. Confirmation before deleting an application
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Beam

Devices running the Palm OS support transferring of information using an infrared port. If you are
using an actual device, not the emulator, you can beam MIDlets from the Applications Launcher. Tap

the Menu icon and choose Beam.

Note

Although you can beam MIDlet suites from one device to another, Java HQ is not

"beamable."

Figure 15-14. Beam
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Configuring Preferences

Preference settings are divided into two areas: Global and Application. There are two ways to access
the dialog box for configuring preferences. First, from the Applications Launcher, select the Java HQ

icon (see Figure 15-15).

Figure 15-15. Configure preferen
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Y ou can also access the preferences dialog from any MIDI

et that is running. Tap the Menu icon on the

device, select the Options menu, and choose Java Preferences (see Figure 15-16).

Figure 15-16. Configure preferences from within a MIDlet
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There is an important distinction between the preferences you can configure based on where the dialog

was invoked (see Figure 15-17).
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Figure 15-17. On the left, preferences from "Java HQ"; On the right, preferences from
within a MIDlet
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When choosing to configure preferences from "Java HQ," you only have access to Globa preferences.
From within aMIDLet, you have an additional option to configure the preferences for that specific
application.

Global

There are four global configuration settings: Colors, Drawing Speed, Application Memory and
Networking. Settings within this category apply to al MIDIets.

1. Color: The default setting will be determined based on the capability of the device. That is, if
the device supports 16 grays, that will be the setting. Y ou may opt to decrease the color
setting below the default in an effort to increase application performance.

2. Drawing Speed: If you prefer drawing operations to be as smooth as possible, chose Smooth.
If application speed is preferred over smoothness of drawing, choose Fast.

3. App Memory: You can tailor how much memory to set aside for applications. Thereisno
rocket science in determining the default. It is based on the amount of memory installed on
your device. If you choose to increase this value, applications may have more elbow room.
However, thereis a caveat: Thereis no guarantee the device will aways be able to provide
the amount you've requested.

4. Networking: There are two choices for networking: disabled and enabled. When choosing
enabled, you can also specify an HTTP proxy (see the screen-shot on the right of Figure 15—
18).

Figure 15-18. Global preferences
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Confirming Preferences

When changing any preference from within aMIDIet, before leaving the dialog box, you
have a choice as to when the changes will take effect.

Restart: Shutdown and restart the application with the new preferences.

L ater: Return to the application. New preferences will be in place when restarting the
application.

Cancel: Ignore changes and return to the application.
Figure 15-19. Confirming changes
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Application

There are five configuration settings that apply to applications. Game Controls, Put Keypad On,
Screen Buttons, Colors and Drawing Speed (see left screen-shot in Figure 15-20).

Figure 15-20. Application preferences
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Game Controls

Three options are available for Game Controls, each listed on the right screen shot in Figure 15-20. It
should be apparent that settings within this category are primarily intended for games. Theideaisto
provide a compatible means to manage the game actions (UP, DOWN, LEFT, RIGHT) defined in the
Canvas class. If you need areview, head back to Chapter 9.
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1. GameButtons: With this option, the "traditional" keys/buttons on the device are used to
generate events (see Figure 15-21).

Figure 15-21. Game controls and the "Game Buttons" setting
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Game B Game D
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(Fire) (Fire)

2. Joystick: In place of using the keys defined on the device, this option displays directional
arrows and "Select/Fire" button in a separate window. Figure 15-22 shows the MIDlet
"Translate" (see Chapter 9, Example 9.9) running with the Joystick option.

Figure 15-22. Game controls and the "Joystick" setting

\..\ > Games Actions
+% UP/DOWN

hd LEFT/RIGHT

] SELECT{FIRE)

3. Full Keypad: Setting the game control to "Full Keypad" will display awindow that can
generate al the game actions and key events that are supported for mobile devices. Figure
15-23 showsthe "Trandate" MIDIet with the keypad.

Figure 15-23. Game controls and the "Full Keypad" setting

453



A B | Game A, Game B
CD |Game C, Game D
4-5]# UP/DOWN
LEFT/RIGHT
e SELECT(FIRE)
123
45 6| KEY_NUMI
7 89| KEY_NUMZ
\ #0#

Put Keypad on

When the Game Control is set to either Joystick or Full Keypad, this option allows a choice between
displaying the controls on the right or left.

Screen Buttons

If aMIDlet isrunning short of screen real estate, setting this option to Off will remove all buttons

from the display. Don't despair, al options will be available through the menu. Figure 15-24 shows
the MIDlet "Doodle" (see Chapter 9, Example 9.3) with Screen Buttons set to On.

Figure 15-24. Screen buttons on

Figure 15-25 shows the clear command available in the menu when setting Screen Buttons to Off.

Figure 15-25. Screen buttons Off
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Choose the color preference. The default setting will be determined based on the capability of the
device.

Drawing Speed

Smooth drawing tends to be the preference for animation; however, drawing operations take more time.
Fast, on the other hand, spends less time drawing, with the upshot that the animation is not as smooth.

Overriding Global Preferences

When setting values for Colors and Drawing Speed inside Application Preferences, these
values will override the values of the same name in the Global Preferences. This allows you
to tweak the settings for a specific application without affecting others.

Example: keyCodes and gameActions

In Chapter 9 we wrote two MIDlets to experiment with key codes and game actions. The MIDlets
have been combined into one MIDIet suite and converted to the following Palm resourcefile:

\examples\ch15\Events\Events._prc

To get afed for event handling with the Palm OS interface, give these MIDlets a spin.

Advanced PRC Conversion

Previously we used the PRC Converter Tool to convert a MIDIet(s) to a Palm resource file. Although
the Converter Tool works fine, often times you will need more control over the contents of the
generated resource file. For example, the Converter Tool does not allow you to specify a Palm creator
ID, a sequence of four characters used to uniquely identify your application. As an additional example,
you cannot specify the icon(s) the Palm we will use when displaying your application in the
Application Launcher, instead, default application icons are created for you, see Figure 15-9.

Converting a Spotlet to a MIDlet

If you have a Spotless application that you would like to convert to aMIDlet, Chapter 3 of
the Developer's Notes contains an abundance of information including event handling, user
interface and database conversion. Y ou can find the Developer's Notes document in the
following directory of your MIDP for Palm OS installation:

\midp4palml.0-docs\dev.pdf

Command-line Converter

MakeMIDPApp is acommand-line PRC converter. It is a Java classfile stored in Converter. jar,
which isthe same file that contains the classes for the PRC Converter Tool. Here is the command-line
syntax to start the Command-line Converter:
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Jjava —cp Converter.jar com.sun.midp.palm.database.MakeMIDPApp
[options] <jar File>

Here is an additional example specifying the full path to the JAR file:

Java -cp c:\midp4palml.O\Converter\Converter.jar
com.sun.midp.palm.database_MakeMIDPApp [options] <jar file>

Following are the various command line options available:
e -help
Display the command line syntax.
e -—icon <File>

Thisicon will be shown by the Application Manager when the "View by Icon” preferenceis
chosen. The icon should be 32 x 32 pixels. For release 1.0 of MIDP of the Palm, only bitmaps
that are black and white (1 bit) are supported. The available file formats are: .bomp (Windows
bitmap); .pbm (Portable bitmap); .bin (Palm OS bitmap). See Example 15.4.

e -smallicon <fFile>

Thisicon will be shown by the Application Manager when the "View by List" preferenceis
chosen. Theicon should be a15 x 9 pixels. See —i con option for additional information. See

Example 15.4.

(] -hame <name>

Name to display alongside the MIDIet in the Application Launcher. The maximum length
should bein the range of 9 to 11 characters. If this parameter is not specified, the name
created will bethe MIDIet-Name éattribute in the JAD file, or JAR manifest.

e -longname <name>

Full application name, displayed when deleting or beaming. The maximum length should be
no more than 31 characters. If this parameter is not specified, the name created will be a
combination of theMIDIlet-Name and MIDIet-Vendor attributesin the JAD file, or JAR
manifest.

e -—creator <id>

All Palm applications have a creator 1D. These four character names are used to uniquely
identify an application. If you do not specify acreator ID, this conversion program (as does
the PRC Converter Tool) will generate one for you, with avalue in the range "VMO00" to
"VM99." Also, if you do not specify the creator ID, you must include the command line
option —type data

Palm maintains an online database of creator ID'sin which you can query/request ID's.
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http://www.pal mos.com/dev/tech/palmos/creatorid/

e -—outfile <file> or —o <file>

The name of the PRC fileto create. If you do not specify this option the resulting PRC file
has the same name as the JAR file parameter on the command line, with a .prc extension. The
one exception isif you specify the —jad option, as shown below.

e —jad <fFile>
The name of the application descriptor file to use during the conversion process. Information
inside the JAD is used when creating a PRC file. If you specify this parameter, and do not

specify the —outFi le parameter, the resulting PRC file will have the filename passed into
this parameter, with a .prc extension.

e -type <type>

Represents the type of application being converted, valid parameters are: appl or data. The
default, if this parameter is not specified, isappl.

e -verbose or —v

Request additional information be displayed during the conversion process. Specifying the
option twice (e.g. —v —V) requests all possible messages be displayed.

Let'slook at several examples:
Example 15.3

Jjava -cp Converter.jar com.sun.midp.palm.database.MakeMIDPApp -v
—creator abcd TodoList.jar

Without specifying the —icon and -smal l'icon, the conversion process will create two default icons,
as shown in Figure 15-9. The option —outfi le was not specified, thus, the PRC file will have the
same name as the JAR file, with a.prc extension, TodoL ist.PRC.

Example 15.4

Java -cp Converter.jar com.sun.midp.palm.database.MakeMIDPApp -creator
efgh

—-icon TodolLargelcon.bmp -smallicon TodoSmalllcon.bmp -jad
TodoList. jad

-v -v TodoList.jar

We've specified the icons to display in the Application Launcher for both "View by Icon” and "View
by List" see Figure 15-26. The option —outFi I e was not specified, thus, the PRC file will have the
same name as the JAR file, with a .prc extension, TodoL ist.PRC. We have requested all messages
be displayed during the conversion (-v —v).

Figure 15-26. Custom icons for Todo List MIDlet
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Example 15.5

Jjava -cp Converter.jar com.sun.midp.palm.database.MakeMIDPApp
-creator ijkl -name Todo -longname CoreJ2ME_Todo
—-icon TodolLargelcon.bmp -smallicon TodoSmalllcon.bmp
-outfile TodoMIDlet.prc -v -v TodolList.jar

In Figure 15-27 there are two icons for our Todo-List MIDIlet. The icon (and associated MIDlet) with
the name "Todo List" (bottom row) were created in Example 15.4. The name of the MIDlet was
generated from the MIDlet-Name property in the JAD file. The name of the second icon "Todo" was
specified using the —name option in this example. The PRC file created will have the name

TodoMIDIet.prc (-outfile option). The source code for Examples 15.4 and 15.5 can be found in
the directory

\examples\ch15\Advanced_PRC_Conversion

Figure 15-27. Specifying the name to associate with a MIDlet icon
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Example 15.6
Java -cp Converter.jar com.sun.midp.palm._.database_MakeMIDPApp —help
Show help information about command line syntax, Figure 15-28.

Figure 15-28. Command-line Converter options
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Developer (Debugging) Application

In the process of writing, testing and debugging MIDlets there are often times when some additional
insight may prove to be very helpful in tracking down problems. There is an application that
accompanies MIDP for Palm OS download, Deve loper . prc, that provides access to information
including memory usage and availability, messages written to System.out and System.err, and
determining creator IDs for MIDIet(s) installed on a device.

Installation

Installation is as simple as transferring Deve loper . prc onto your device or emulator. Thefileis
located in the directory \PRCFi I es, off theinstall directory.

Onceinstalled, to enable the devel oper application, tap on the Developer icon in the Application
Launcher and choose "Show." See Figure 15-29.

Figure 15-29. Enabling the Developer Application

Developer Preferences:

Warning: Setting Developer
Preferences can resultin
crashes_

Features

We access the features of the Devel oper application through the Preferences dialog box. Here are the
two routes to bring up the preferences screen:

1. From the Application Launcher, tap the Java HQ icon, select Preferences.
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2. Fromwithin arunning MIDIet, tap the Menu icon, select the Options menu and choose Java
Preferences.

Regardless of how we access the preferences, there is an additional menu entry, Developer. There are
three options available from within the Devel oper dialog box, Heap Status, Save Output and MIDlets,
each explained below. The screen-shot on the left of Figure 15-30 shows the preferences screen when
accessed from within arunning MIDIet. The right screen-shot shows the Devel oper preferences dialog.

Figure 15-30. Preferences screen invoked from within a MIDlet; Developer preferences
dialog box
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Heap Status
There are two options, Show and Hide. Choosing Show informs Java HQ to display heap information
upon loading aMIDlet or MIDIet suite. The total space available on the heap is shown, along with the
largest chunk that can be returned in any one request, the requested size when starting the application
and the actual amount returned. See Figure 15-31.
Figure 15-31. Heap space information
@

Information

@ KVhlallocateHeap(}
freeSpace=203668
largestChunk=180386
Requested 65536 bytes
Allocated 65500 bytes

Save Output

When this option is set to Ye s, all callswithin aMIDlet to System.out and System.err are
captured. Once enabled, thereis an additional button ("Output™) along the bottom of the Developer
preferences dialog box, see the left screen-shot of Figure 15-32. On the right of Figure 15-32 are two
application messages written to System. out.

Figure 15-32. Enabling "Save Output” on left; View output on right
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MIDlets
When you select this option, any MIDlet with acreator ID in the range VMO0O to VM99 will be
displayed. Any entry in thislist represents a MIDlet that was automatically assigned a creator ID by

either the PRC Converter Tool, or from the Command-line Converter, when not specifying the "-
creator " option. See Figure 15-33

Figure 15-33. Creator ID's of installed MIDlets
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With the Developer Application installed, additional information about memory availability can be
accessed when a MIDlet is active by tapping the Menu icon, selecting the Options menu and choosing
Memory Info, see Figure 15-34. The following information is displayed:

Figure 15-34. Memory information
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rom— The size of the ROM image installed on the device.

ram— Tota RAM on installed the device.
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freeram— The amount of RAM that is available for use.

freeheap— Heap memory available for use.

maxheapchunk— The largest block of memory that can be alocated from freeheap.
javafreeheap— Java objects are allocated from this memory area. Indicates the amount available.

per manent— Memory used by the KV M.

Palm OS Implementation

There are afew details about the implementation of MIDP for the Palm OS that need clarification.
Although the Palm OS implementation meets the requirements of MIDP, thereis room for flexibility
as far as how an implementation carries out the details set forth in the specification. This section
provides a brief ook at those areas that differ from the implementation of MIDP for mobile devices
that we have seen previously. As you might guess, the majority of differences come down to cosmetic
changes based on device display capabilities.

Command Types

The MIDP Command object provides a means for a MIDIet to interact with the user in a device-
independent manner. As a devel oper, you define a Command and the implementation triggers an event
through a soft-button or menu.

Each command that you define will have an entry in the PAlm OS menu system. In addition, should
there be too many commands to fit on a single menu, adialog box will be created with alist of the
remaining commands. To show how this looks on the Palm OS device, | created aMIDlet with a
ridiculous number of commands as shown below:

cmExit = new Command("Exit', Command.EXIT, 1);
cmHelp = new Command(*'Help®, Command.HELP, 1);
cmSave = new Command(*'Save', Command.SCREEN, 1);

cmX0 = new Command(''X0", Command.SCREEN, 2);

cmX12 = new Command(**X12', Command.SCREEN, 14);

The screen-shot on the left of Figure 15-35 shows severa of the commands available along the
bottom of the display. When tapping the Menu icon, the middle screen-shot in Figure 15-35 appears.
Notice the option at the bottom of the menu "More..." to view additional menu entries. The right
screen shows a list of the commands that could not be displayed in the original menu.

Figure 15-35. Handling more commands than the menu system will support
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The source code for MIDlet shown in Figure 15-35 can be found in the directory

\examples\ch15\ExcessiveCommands

If you refer to the middle screen-shot of Figure 15-35 you'll see that there are three options across the
top of the Palm OS menu, Actions, Go and Options. MIDP places commands, based on their type into
one of these three menus. The available types arelisted in Table 15.1.

Table 15.1. Command Types - javax.microedition.lcdui.Command

Value Description

BACK A reguest to move to the previous screen

ICANCEL |A request to cancel an operation.

EXIT A reguest to exit the MIDlet

HELP A request to display help information.

ITEM A request to map the Command to an "item" on the screen.

OK Specify positive acknowledgement from a user.

ISCREEN |For Commands in which it is unlikely there will be a specific key mapping available.

ISTOP  |A request to stop an operation.

Listed below are the Palm OS menu options and the Command types that are found within each entry.
Actions

ITEM

SCREEN

Go

BACK

OK

CANCEL

STOP
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EXIT

Options

HELP

Figure 15-36 shows each of the following commands mapping into the appropriate Pam OS menu.

Figure 15-36. Command mapping

Go Options | [“Actions [y Options | Actions Go
About Java HO Bearn App.. B Java Preferences.. #R
....................................... Exit Preferencas Help..
Help
Sawe Sawe Sove

cmExit = new Command("Exit", Command.EXIT, 1);
cmHelp = new Command(*‘Help', Command.HELP, 1);
cmSave = new Command(*'Save', Command.SCREEN, 1);

Notice that the command cmSave is aso accessible on the display. All Command types, with the
exception of HELP and EXIT, may be mapped to the display. If there are more commands defined
than will fit on the display, commands are chosen based on their type, with the priority being: BACK,
OK, CANCEL, STOP, SCREEN and ITEM.

The source code for the example shown in Figure 15-36 can be found in the directory
\examples\chl15\CommandMapping

Choice Component

Although the Choi ceGroup component has a constructor and additional methods to support images
alongside entries, the Palm OS does not support images in such afashion, and accordingly, any
images specified will be ignored. The right screen-shot in Figure 15-37 shows images alongside
ChoiceGroup entries on amobile device. The left screen-shot shows the same ChoiceGroup as
displayed on a Palm OS device.

Figure 15-37. ChoiceGroup on Palm OS and mobile device
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The source code for the example shown in Figure 15-37 can be found in the directory
\examples\ch15\ChoiceGroup.

Ticker Component

The Ticker component scrolls a text message aong the top of the display. If thereis atitle
associated with the Screen component (that the Ticker is"attached" to) the display areawill be

shared among the two. Two additional features are available:

Tapping on the ticker will remove any title displayed, leaving the ticker to occupy the entire
display width. Tapping a second time returns to the display that is shared between thetitle

and Ticker. See Figure 15-38.

Figure 15-38. Ticker component with shared title area; Ticker (after one tap)
occupying the entire screen width

Ticker. :Products HSGEER N E Current hale: Torchiers Larmp o
laatr Larnp loar Larnp

Chandelier Chandelier

Help Help

The text message displayed on the Ticker can be dragged back and forth using the stylus.

When using a Ticker component with an Alert, the scrolling text appears as shown in Figures 15—
39 and 15-40.

Figure 15-39. Ticker with a modal Alert
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Figure 15-40. Ticker with a timed Alert
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In Figure 1540, notice the "count-down" timer showing how much time is remaining for the aert.

The source code for the examples shown in Figures 15-39 and 1540 are in the directories
\examples\chl15\TickerModalAlert and examples\ch15\TickerNonModalAlert.

Additional Protocols

The Palm OS provides network capabilities that are not included within the MIDP specification.
Following is an overview of the network options available.

inethttp / inethttps

MIDP for the Palm OS uses the Palm network library NetLib to provide the support for HTTP, as
required by the M1DP specification. However, some devices (such as the Palm VII) may require use
of the Palm network library INetLib to provide connection to the internet. To support devices that
require the use of INetLib, MIDP for the Palm provides to support for two additional protocols,
inethttp and inethttps.

Establishing a connection using either of these libraries worksin an identical fashion to creating any
other type of connection, the format is as follows:

Connector.open('protocol address;parameters™);

With the addition of inethttp and inethttps, MIDP for the Palm will recognize the following
connection requests:

Connector.open(inethttp://www.some_web address.com'™)
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Connector.open(*'inethttps://www.some_web_address.com')

Hereisablock of code that will test for the availability of the protocols and create a connection

boolean secureConnectionRequired = false;
HttpConnection http;
String URL = "www.some_web_ address.com™;

// Verify 1T the protocols are available
String protocol = System.getProperty(‘‘com.sun.midp.inethttp™);
if ("true”.equals(protocol))

{
try
{ _ )
iT (secureConnectionRequired)
http = (HttpConnection) Connector.open(inethttps://" + URL);
else
http = (HttpConnection) Connector.open(inethttp://" + URL);
catch (Exception e)
{
System.out.printIn(*’'Connection Error: " + e.toString());
}
}
else

System.out.printIn(*inethttp and inethttps are not available™);

The support for HTTP within the MIDP specification is quite comprehensive. Unfortunately, when
using inethttp and/or inethttps there is no support for request headers (for example, Accept, Content-
Type, Expires), and thereis alimited set response headers available. In addition, any data sent through
arequest method of POST must be URL -encoded.

Sockets

There is one additional means of network communication from within aMIDlet running on MIDP for
the Palm OS, a socket.

Connector.open(*'socket://www.some_web_ address.com:80")

Reading and writing through this connection is accomplished using I nputStream and
OutputStream, respectively.

Note

inethtttp, inethttps and sockets are not required protocols within MIDP 1.0. Use
these classes with the caveat that MIDlets may not be por table to other MIDP
devices.
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Appendix A. Over the Air User Initiated Provisioning
Recommended Practice

Asadeveloper, our main interest lies with writing MIDlets. However, understanding the big pictureis
always a good idea. Thus an overview of the recommended procedure for transferring MIDlets from a
server to adeviceisin order.

WEe'll begin with a baseline including definitions and general information. Thiswill be followed by
application discovery, MIDlet installation, upgrade and removal and reporting installation status. Welll
include a brief summary of requirements for a server hosting MIDlets and will also briefly touch upon
the provisioning considerations in a WAP environment.

The information will be divided into two broad sections—server and device (client)— with the great
majority of information pertaining to the latter.

Before moving on, it's worth stating that the information presented in this chapter is derived from the
document "Over the Air User Initiated Provisioning Recommended Practice" W yversion 1.0, whichis
an addendum to the MIDP.

1l OTA— http://java.sun.com/products/midp/OTAProvisioning-1.0.pdf

General Information

Much of the information in this section has been covered previously. However, it bears repeating, if
for no other reason then to serve as a quick refresher before using the terms as they apply to this
provision.

A MIDlet suite refers to the JAD file and the JAR file that are used to package one or more MIDlets
and any additional resources (such as images or application data).

The Application Management Software, also known as the Java Application Manager, is the software
that implements the MIDP. It isresponsible for all aspects of downloading, installing and running
MIDlets on adevice.

There are two attributes in the JAD file, above and beyond those in MIDP 1.0 specification (Table 3.2)
that are introduced as part of this provision. MIDlet-Install-Notify will be presented in the section
"Reporting Status to the Server " and MIDlet-Delete-Confirm will be discussed in the section "MIDlet
Suite Removal."

Unless otherwise noted, al transfer of information between a device and server isthrough the HTTP
protocol. 2 If adevice does not directly support HTTP, there will need to be a gateway that converts
the device protocol to HTTP prior to communicating with a server that hosts MIDlet suites.

Y HTTP version 1.1 specification: http://www.ietf.org/rfc/rfc2616.txt
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Device (Client)

The majority of this provision deals with how a device interacts with a remote server to download,
install and report status. Before any of these steps can be carried out, the device must first locate
MIDlets suites available for download.

Application Discovery

Application discovery refers to the process of finding MIDlets to load onto amobile device. The
program that provides this service may be a custom application designed specifically for the device, or
may be amore "generic" application such as a WAP browser. There are three basic concepts within
application discovery:

1. The ability to search or otherwise find information about MIDlet suites.
2. Initiate downloading of an application descriptor file (see Figure A-1).

Figure A-1. Application discovery and downloading of MIDlets

App. Descriptor| | App. Descriptor
(jad) (jad)
MIDIat MIDlet
(jar (jar)
Saervar Sarver

Sl 14

Discovery
Application

MIDlat
Appl Mgmt {iar)
Software Server
Mobile
Davice

Discovery Application locating
application descriptor files (jad)

Application Mgmt Software
downloading MIDlet (jar)

3. Download the JAR file that contains the MIDIet(s) and any additional resources

Figure A—1 illustrates the idea of the discovery application communicating with various servers to
locate and download application descriptor files. Thereis an important distinction here: The
application descriptor and Java archive file are not necessarily on the same server. A device may
browse JAD files on one server and download JAR's from another.

MIDlet Suite Installation
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With an understanding of the big picture let's walk through each step in more detail. Before doing so,
thisis agood time to review various header fields defined in the HT TP protocol 2! that may
accompany requests sent from adevice to a server that hosts MIDlets.

3] Chapter 14 has an entire section devoted to explaining header fields as they apply to the client requests
and server responses.

Header Fields Sent from Device to Server

When aweb server and client are communicating, the client needs away to tell the server what it is
requesting. In general, thisis done through the URL. For example, arequest to
http://www._corej2me.com/index.html tellsthe server the client isinterested in the
contents of the file index.html.

Often times, the client would like to send additional information as part of the request; for example,
the language (English, Spanish, etc.) the client prefers. Header fields are available to provide such
additional information. The server response may also include header fieldsin its response. Y ou can
think of these fields as parameters—similar to the concept of calling a Java method, using parameters
as ameans to send additional information.

When sending arequest for an application descriptor file, or MIDlet suite ( JAR), there are severd
header fields that may be set by the device (client):

1. Requesting Application Descriptor:

0 Accept=text/vnd.sun.j2me.app-descriptor indicatesthe content type
acceptable for the response is an application descriptor file sent as text

0 Accept-Charset can be used to specify preferred characters for the application
descriptor information; for example, Accept-Charset: UTF-8

0 Accept-Language indicates the language preferred in the response; for example,
Accept-Language: en-US

o User-Agent contains information about the device sending the request; for
example:

User-Agent: Profile/MIDP-1.0 Configuration/ CLDC-1.0

2. Regquesting MIDlet (JAR):
0 Accept: application/java-archive indicatesarequest for aJavaarchive
file.

Obtain the Application Descriptor (JAD)

Before installation can begin, the device needs to download the application descriptor. Thisfile
contains attributes about the MIDlet suite, vendor and description, anong others, and more
importantly, requirements as they pertain to the size of the JAR and data storage required on the
device. Example A.1l isasimple JAD file:

Example A.1 TodoList.jad

MIDIet-Name: Todo List
MIDIet-Version: 1.0.0
MIDIet-Vendor: Core J2ME Technology
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MIDIet-1: Todo List, ,TodoMIDlet

MIDlet-Jar-URL: http://www.some_MIDLET host.com/TodoList. jar
MIDlet-Jar-Size: 8288

MIDlet-Data-Size: 1500

MIDIet-Install-Notify: http://www.some_MIDLET_host.com
MIDIet-Delete-Confirm: "All todo items will be deleted."”

If the device determines there is a discrepancy between the requirements as set forth in the application
descriptor and the capabilities of the device, ideally the device would attempt to resolve the problem.
For example, if the amount of persistent storage required by the MIDlet is more than the device can
provide, an option would be to walk the user through various steps to remove or otherwise configure
the device to free as much memory as necessary.

Important note

"If the response from the server includes a header field " set-cookie " all
subsequent requests to the server must include a header field cookie with the
name-value pair(s) of the cookie received from the server.

Download MiDlet Suite (JAR)

One of the required attributes in an application descriptor fileis"MIDlet-Jar-URL." This attribute
specifies the location of the JAR file that contains the MIDIet(s). Downloading of the suiteisinitiated
by sending arequest method of either GET or POST to the URL set in this attribute.

There are two specia conditions that would warrant resending of arequest. If the server responds with
401 (Unauthorized) or 407 (Proxy Authentication Required), the device should provide the user with
the opportunity to enter additional information (such as a username and password) and resend the
request.

Once again, if the server sent a"set-cookie " header, al subsequent requests must be accompanied
by al name-value pairsin the cookie. Typically, such a cookie would be used by the server to
uniquely identify the device. For general information about session management, see the section
"Session Management with Java Serviets " in Chapter 14.

Reporting Status to the User

Upon successful download and installation, the device will make the MIDlet suite available through
whatever meansis appropriate for the implementation (e.g., through a menu, an icon on the display,
etc.).

If one of the following errors occurs during download or upon validating the contents of the JAR file,
the user must be notified and the system returned to the same state that existed prior to the download
of the application descriptor.

e Device does not have sufficient memory to store the MIDlet suite (Code 901)
e Network error, such as a dropped connection (Code 903)
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e Mismatch between the actual size of the downloaded JAR file and the size specified in the
application descriptor file (JAD attribute: MIDIet-Jar-Size; Code 904)

e Therequired attributesMIDlet-Name, MIDlet-Vendor, MIDlet-Version inthe
manifest file (contained in the JAR) do not match the values in the application descriptor
Code 905)

All installation status codes are listed in Table A.1.

Table A.1. Installation Status Codes

Code Message
900 Successful
901 Insufficient memory
1902 \User cancelled
903 Loss of service
904 MIDlet suite size mismatch
905 Attribute mismatch
906 Invalid descriptor

Reporting Status to the Server

Oncethe installation is complete, which may occur as a result of a successful or failed/canceled
installation, the host server should be notified.

There are two options for determining the destination URL to report status. If there is an attribute
"MIDlet-Instal l-Notify " inthe application descriptor file, the value of this attribute should be
used as the destination URL. This attribute was added to the MIDP specification, through this
provision, as a means for a provider of MIDIet suites to be notified when suites are downloaded and
installed on adevice. If this attribute is not available the status should be reported to the same URL
from which the MIDlet JAR was downloaded—attribute MIDlet-Jar-URL in the JAD file.

If the device was sent a cookie when downloading either the application descriptor or the JAR, the
cookie must be sent in the header field when reporting the status. The reason is, the cookie is most
likely being used to uniquely identify the device on the server. Before sending the cookie, the device
must verify that the URL specified in the attribute "MIDlIet-Instal I-Noti fy " matchesthe
combination of the domain and path set in the cookie. If the comparison fails, the cookie should not be
sent.

Status information must be sent with arequest method of POST. The first line in the body of the
POST must include both a status code and its corresponding message. Valid responses are listed in
TableA.1.

Once the status is received, the server may opt to send a response confirming receipt of the
information. In the response there are only two pieces of information that are pertinent. First, thereisa
status code of 200 OK."

Second, if the device and server were passing a cookie back and forth asafinal meansto end the

communication, the server should send a"set-cookie " header that includes the name-value pair
"max-age=0." Thiswill notify the device that the cookie should be immediately discarded.
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t4] Specifics of state management with cookies can be found at: http://www.ietf.org/rfc/rfc2109.txt

MIDlet Suite Upgrade

The device implementation is required to support upgrading of a MIDlet suite. There are several key
concerns when performing an upgrade:

e If auser requests asuite that is already installed, the discovery application should inform the
user with as much information asis relevant. For instance, installed versus upgraded version
numbers, additional memory and/or persistent storage requirements, new features, and so
forth. The user should be given the option to proceed or cancel.

e When appropriate, persistent data should remain intact.

o If itisdetected that the origina network (download) location of a currently installed suite
does not match the location of a requested suite with the same name, the user should be
notified. Thereis achance that a MIDlet suite with the same attributes/name is available at
more than one location.

e |If the MIDlets are not related (i.e., oneis not an upgrade to the other), but a different MIDlet
altogether, instead of an upgrade being performed the original suite would be overwritten by a
completely different set of code. In such a case, the user should intervene and decideif an
upgrade should be performed, or if the currently installed MIDlet (and any persistent data)
should be removed prior to installing the new suite.

MIDlet Suite Removal

Removing a MIDlet suite is straightforward. The device must remove the MIDlet suite, al record
stores and any references to the suite (e.g., iconsto start the suite, entries in a menu system, etc.).
There are severa important considerations:

e If there are multiple MIDlets in the suite, it should be made clear to the user that removing the
suite will remove al MIDlets.

e If there are records in persistent storage, the user should be notified that all record stores will
be removed.

e If theattribute"MIDIet-Delete-Confirm" ispresent in the application descriptor, the
user should be prompted with a message that contains the value of this attribute. This attribute
was added to the MIDP specification, through this provision, as a meansto provide
application-specific messages prior to deleting a suite. For instance, "Upon removing this
application you will no longer have access to your online account information."

Server

The two most important features of a server that intends to distribute MIDletsis support for HTTP 1.1
and that the appropriate MIME types are configured. The former was covered in Chapter 14, so let's
spend our time discussing MIME types and what isimportant asit relatesto MIDlet suites.
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MIME Types

MIME types are a platform-independent way for a server to notify a client about the content being
transferred. For example, aweb server can notify a browser that the content type being sentisHTML.
The browser inherently knows how to parse HTML and render the output.

A web server determines the MIME type based on the extension of URL request. Looking up the
extension in a mapping table, the server will notify the browser, through a header field, of the content
type. A web server will typically have the following mapping, among others:

[Extension (Content Type

|-html _htm 'text/html

If a browser were to send arequest to http://www.corej2me.com/index.html, the server would look up
the mapping for ".html" and would send the following header field to the browser:

"Content-Type=text/html"

To understand how a client determines what to do with the content type, you can look at the settings
of your web browser. For example, in Netscape (4.x) choose the Edit menu, and select
Preferences/Navigator/Applications. Here you'll find alist of mappings for your browser. Several of
the settings for my configuration are shown here:

MIME Type: application/java-archive
Handled by: javaw

MIME Type: text/html
Handled by: netscape (internal)

MIME Type: application/pdf
Handled by: plugin

When a server sends the header field "Content-Type," the browser can make a determination what to
do with the body of the response. For example, if | directed my browser to
http://www.corej2me.com/test. pdf (assuming "test.pdf" isavalid file), the server
response would include a header field " Content-Type=application/pdf.” The browser will in turn
recognize this content type (from the aforementioned list) and would start the plugin to view the pdf
file.

What this boils down to for our needs isthat a server that intends to host MIDlets should provide a
means to return the following content types:

"Content Type: text/vnd.sun.j2me.app-descriptor"
"Content Type: application/java-archive”

Thiswill generally be done in one of two ways.

1. Setting the following MIME types on the web server:

[Extension |ContentType
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|_jad [text/vnd.sun. j2me.app-descriptor
|_jar lapplication/java-archive

2. Withthisin place, when the server receives arequest for afile with the extension " . jad " it
will include the following header field as part of its response:

"Content-Type: text/vnd.sun.j2me.app-descriptor"

3. Thesamelogic applieswhenrequestinga”. jar " file.
4. Creating a custom application, accessed through a URL, such as a Java servlet, that
recognizes the header fields:

"Accept: text/vnd.sun.j2me.app-descriptor™
"Accept: application/java-archive"

and returns the appropriate header field back to the device:

"Content-Type: text/vnd.sun.j2me.app-descriptor"
"Content-Type: application/java-archive”

Either way, with the content type information, the device knows the format of the incoming data and
can processit accordingly. For example, if an application descriptor file is received, the device can
then parse thefile, line by line, reading the key-value pairs ("MIDlet-Name: xyz', "MIDlet-
Version: 1.0.0", ec.).

WAP

A server that distributes MIDlet suitesis required to support communication using the HTTP protocol,
version 1.1. The interaction between a mobile device running MIDP and a server may be directly
through HTTP, or if necessary, a gateway may exist between the device and the server to trandlate the
device protocol to HTTP. Such may be the case for a device that uses a WAP browser for application
discovery.

What is WAP?

The Wireless Application Protocol is a specification that provides a standard method to
access content on the Internet from wireless devices. The following link is a good starting
point to information about the WAP initiative:

http://www.wapforum.org

What's important is not the protocol that the device provides, but that the communication to aremote
server, in the end, isthrough HTTP. If atranslation occurs during this process, it is outside the scope
of our interests as adeveloper. That is, the HttpConnection classis used for communication and
any tranglation required is left to the device and the gateway.
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For devices that provide a WAP browser, the implementation must be compatible with WAP 1.2.1
(June 2000 conformance release). ! In addition, there are several requirements for both the device and
gateway.

5] WAP June 2000— http://www.wapforum.org/what/technical.htm

Device (client) requirements:

e Recognize and make the following header fields avail able to the discovery application and/or
the Java application manager:

Content-Type=text/vnd.sun.j2me.app-descriptor
Content-Type=application/java-archive

e The server responses 401 (Unauthorized) and 407 (Proxy Authentication Required) must be
dealt with appropriately. If you recall from the section "Download MIDlet Suite," a server
that hosts a suite may respond with either of these codes. The device should provide an
opportunity for the user to enter a username and password and resend the request.

e Thedevice must be able send a request method of POST. This requirement stems from the
fact that a status report sent to the server (that hosts the suite) must be through POST.

Gateway Requirements:
e It must relay the following header fields from the server to the device:

Content-Type=text/vnd.sun.j2me.app-descriptor
Content-Type=application/java-archive

e If user validation is necessary, responses 401 and 407 from the server must be passed to the
device.

e Theserver header field "set-cookie " must be supported. Thisistypically used as a means
for session management/tracking.

e If the device has set the header field "Accept: */* " the body of each server response must
be passed to the device in its entirety.

e Thedevice request method POST must be recognized and passed to the server.
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Appendix B. CLDC API

javaio
ByteArraylnputStream
ByteArrayOutputStream
Datal nput

Datal nputStream
DataOutput
DataOutputStream
EOFEXception

InputStream
I nputStreamReader

I nterrupted| OException

| OException

OutputStream
OutputStreamWriter

PrintStream

Reader
UnsupportedEncodingException
UTFDataFormatException
Writer

javalang

ArithmeticException

ArraylndexOutOf BoundsException

ArrayStoreException

Boolean

Byte

Character

Class
ClassCastException
ClassNotFoundException

Error

Exception

[Ilegal A ccessException

[llegal ArgumentException
[Ilegal M onitorStateException
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I1legal ThreadStateException
IndexOutOf BoundsException

| nstantiationException

Integer
I nterruptedException

Long
Math
NegativeArraySizeException

NullPointerException

NumberFormatException

Object
OutOfMemoryError

Runnable
Runtime
Runti meException

SecurityException
Short

String

StringBuffer
StringlndexOutOfBoundsException
System

Thread

Throwable
VirtualMachineError
javauutil

Calendar

Date
EmptyStackException

Enumeration
Hashtable
NoSuchElementException

Random
Stack
TimeZone
Vector

javax.microedition.io
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Connection

ConnectionNotFoundException

Connector
ContentConnection

Datagram
DatagramConnection

InputConnection
OutputConnection

StreamConnection

StreamConnectionNotifier
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java.io

ByteArraylnputStream

Interruptedl OEXception

ByteArrayOutputStream |OEXception

Datal nput OutputStream

Datal nputStream OutputStreamWriter
DataOutput PrintStream

DataOutputStream Reader

EOFException UnsupportedEncodingException
InputStream UTFDataFormatException
InputStreamReader Writer

ByteArraylnputStream

public class ByteArraylnputStream extends |nputStream

Internal array of bytesthat can be read as a stream

Fields

buf Byte array passed in when created

count Count of bytesin the array

mark Current "marked" position in the array

pos Index of the next character to be read

Constructors

ByteArraylnputStream(byte[] buf) Create

ByteArraylnputStream

ByteArraylnputStream(byte[] buf, int offset, int Create

length)

ByteArraylnputStream

Methods

int available()

Bytes available before stream blocks

void close()

Closes stream and free resources

void mark(int readAheadLimit)

Set current position

boolean markSupported()

Is mark/reset supported?

int read()

Read next byte

int read(byte[] b, int off, int

len)

Read bytesinto an array
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void reset()

Reset to the marked position(or beginning if no mark
set)

long skip(long)

Skip over bytesin the stream

ByteArrayOutputStream

public class ByteArrayOutputStream extends OutputStream

Internal array of bytes(buffer) that can be written to as a stream; array grows as necessary

Fields

buf

Internal byte array to store data

count

Count of bytesin the array

Constructors

ByteArrayOutputStream() Create ByteArrayOutputStream

ByteArrayOutputStream(int size) |Create ByteArrayOutputStream, specifyinginitial size

Methods

void close()

Closes stream and free resources

void reset()

Toss any datain the buffer; new datais stored at
beginning

int size() Current size of buffer
byte[] toByteArray() Convert buffer contents to an array of bytes
String toString() Convert buffer contentsto a string

void write(byte[] b, int off, int [Writebytesintothe buffer

len)

void write(int

b) Write byte into buffer

Datalnput

public abstract interface Datal nput

Interface for streams to read Java primitive types in platform independent manner

Methods
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boolean readBoolean()

Read byte, nonzero value returns true, otherwise
fase

byte readByte()

Read byte

char readChar()

Read char

void readFully(byte[] b)

Read bytes into array. The number read equals the
size of the array

void readFully(byte[] b, int off,

Read bytes into array specifying offset and length

int len)

int readlnt() Read four bytes

long readLong() Read eight bytes
short readShort() Read two bytes

int readUnsignedByte()

Read one byte; return as an int between 0 and 255

int readUnsignedShort()

Read two bytes; return an int between 0 and 65535

String readUTF()

Read string that has been encoded as modified
UTF-8

int skipBytes(int n)

Skip over bytesin the stream

DatalnputStream

public class Datal nputStream extends InputStream implements Datal nput

Read Java primitive types as stream

Fields

lin Stream

Constructors

‘DatalnputStream(lnputStream in)

Create Datal nputStream

Methods

int available()

Bytes available before stream blocks

void close()

Closes stream and free resources

void mark(int readlimit)

Set current position

boolean markSupported()

Is mark/reset supported?

int read()

Read byte, return as an integer between 0 and 255

int read(byte[] b)

Read into an array

int read(byte[] b, int off, int
len)

Read into an array specifying offset and length
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boolean readBoolean()

Read boolean

byte readByte()

Read byte

char readChar()

Read two bytes, return as Unicode character

void readFully(byte[] b)

Read bytes into array; the number read equals the
size of the array

void readFully(byte[] b, int off,
int len)

Read bytes into array specifying offset and length

int readlnt() Read four bytes
long readLong() Read eight bytes
short readShort() Read two bytes

int readUnsignedByte()

Read one byte; return as an int between 0 and 255

int readUnsignedShort()

Read two bytes; return an int between 0 and 65535

String readUTF()

Read string that has been encoded as modified
UTF-8

String readUTF(Datalnput in)

Read from the parameter "in" a string encoded as
modified UTF-8

void reset()

Reset stream to "marked" position

long skip(long n)

Skips over bytesin stream

int skipBytes(int n)

Skips over bytesin stream

DataOutput

public abstract interface DataOutput

Interface for streams to write Java primitive types in platform independent manner

Methods

void write(byte[] b)

Write array to stream

void
len)

write(byte[] b, int off, int

Write array to stream specifying the offset and
length

void write(int b)

Write lower eight bits of integer to stream

void writeBoolean(boolean v)

Write boolean to the stream

void writeByte(int v)

Write lower eight bits of integer to stream

void writeChar(int v)

Write two bytes of integer parameter to stream

void writeChars(String s)

Write string to stream, two bytes for each
character

id writelnt(int v)

Write integer as four bytesto the stream

void writeLong(long v)

Write long as four bytes to the stream

writeShort(int v)

Write integer as two bytes to the stream

writeUTF(String str)

Write String as UTF to the stream
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DataOutputStream

public class DataOutputStream extends OutputStream implements DataOutput

Write Java primitive types to stream

Fields

‘out S tream

Constructors

‘DataOutputStream(OutputStream out)

Create DataOutputStream

Methods

void close()

Closes stream and free resources

void flush()

Flush stream

void write(byte[] b, int off, int
len)

Werite array to stream specifiying the offset and
length

void write(int b)

Write lower eight bits of integer to stream

void writeBoolean(boolean v)

Write boolean to the stream

void writeByte(int v)

Write lower eight bits of integer to stream

void writeChar(int v)

Write two bytes of integer parameter to stream

void writeChars(String s)

Write string to stream, two bytes for each
character

void writelnt(int v)

Werite integer as four bytes to the stream

void writeLong(long v)

Write long as four bytes to the stream

void writeShort(int v)

Werite integer as two bytes to the stream

void writeUTF(String str)

Write String as UTF to the stream

EOFException

public class EOFEXxception extends IOException

Indicates end of file

Constructors
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EOFException()

Create EOFException

EOFException(String s)

Create EOFEXxception with message

InputStream
public abstract class InputStream

Superclass for byte input streams

Constructors

InputStream()

Create InputStream

Methods

int available()

Bytes available before stream blocks

void close()

Closes stream and free resources

void mark(int readlimit)

Set current position

boolean markSupported()

Is mark/reset supported?

int read()

Read next byte

int read(byte[] b)

Read bytesinto array

int read(byte[] b, int len, int off) |Readbytesinto array specifying offset and length

void reset()

Reset stream to "marked" position

long skip(long n)

Skips over bytesin stream

InputStreamReader

public class InputStreamReader extends Reader

Read bytes and translate to Unicode characters(encoding is default or as specified)

Constructors

InputStreamReader(InputStream is) Create InputStreamReader with default
character encoding

InputStreamReader(InputStreanm is, Create InputStreamReader with specified

String enc) character encoding

Methods
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void close() Closes stream and free resources
void mark(int readAheadLimit) Set current position

boolean markSupported() Is mark/reset supported?

int read() Read character

int read(char[] cbuf, int off, int len) Read charactersinto array
boolean ready() S tream available for reading
void reset() Reset stream to "marked" position
long skip(long n) Skip over charactersin stream

InterruptedlOEXxception
public class Interruptedl OException extends | OException

Indicates input or output was interrupted

Fields

‘bytesTransferred |Byte£ transferred before exception
Constructors

InterruptedlOException() Create Interruptedl OException
InterruptedlOException(String s) Create I nterruptedl OException
IOException

public class |OException extends Exception

Indicates exception occurred during input or output

Constructors

10Exception() Create | OException
I10Exception(String s) Create | OException with message
OutputStream

public abstract class OutputStream
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Superclass for byte output streams

Constructors

\OutputStream() Create OutputStream

Methods

void close() Closes stream and free resources
void flush() Flush stream

void write(byte[] b) Write array to stream

void write(byte[] b, int off, int Write array to stream specifying the offset and
len) length
void write(int b) Write byte to stream

OutputStreamWriter

public class OutputStreamWriter extends Writer

Write characters trandating to bytes using encoding(default or as specified)

Constructors

OutputStreamWriter(OutputStream os)

Create OutputStreamWriter with default
character encoding

OutputStreamWriter(OutputStream os,
String enc)

Create OutputStreamWriter with specified
character encoding

Methods

void close() Closes stream and free resources

void flush() Flush stream

void write(char[] cbuf, int off, int Write array to stream

len)

void write(int c) Write character to stream

void write(String str, int off, int Write array to stream specifying offset and
len) length

PrintStream

public class PrintStream extends OutputStream
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Add to a stream to enable printing(displaying) of Java primitive types

Constructors

‘Pri ntStream( OutputStream out)

Create PrintStream

Methods

boolean checkError()

Flush stream and check for error condition

void close()

Closes stream and free resources

void flush() Flush stream

void print(boolean b) Print boolean

void print(char c) Print character

void print(char[] s) Print array of characters
void print(int i) Print integer

void print(long I) Print long

void print(Object obj) Print object

void print(String s) Print string

void printin()

Print line seperator

void printin(boolean x)

Print boolean and line seperator

void printin(char x)

Print character and line seperator

void printin(char[] x)

Print array of characters and line seperator

void printIn(int x)

Print integer and line seperator

void printin(long x)

Print long and line seperator

void printin(Object x)

Print Object and line seperator

void printiIn(String x)

Print String and line seperator

void setError()

Set error condition

void write(byte[] buf, int off, int
len)

Write array of bytes specifying offset and
length

void write(int b)

Write byte

Reader
public abstract class Reader

Superclass for character input streams

Fields

\ lock |Obj ect that is used for synchronization
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Constructors

Reader () Create Reader where critical sections synchronize on the reader itself

Reader(Object lock) |Create Reader where critical sections synchronize on the specified object

Methods

void close() Closes stream and free resources
void mark(int readAheadLimit) Set current position

boolean markSupported() Is mark/reset supported?

int read() Read character

int read(char[] cbuf) Read charactersinto array

int read(char[] cbuf, int off, int |Readcharactersinto array specifying the offset and
len) length

boolean ready() stream available for reading

void reset() Reset the stream to "marked” position
long skip(long n) Skip charactersin stream

UnsupportedEncodingException
public class UnsupportedEncodingException extends |OException

Indicates encoding requested is not supported

Constructors

UnsupportedEncodingException() Create UnsupportedEncodingException

UnsupportedEncodingException(String s) Create UnsupportedEncodingException

UTFDataFormatException
public class UTFDataFormatException extends |OException

Indicates malformed UTF-8 string has been read

Constructors

UTFDataFormatException() Create UTFDataFormatException

UTFDataFormatException(String s) Create UTFDataFormatException with message
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Writer

public abstract class Writer

Superclass for character output streams

Fields

[lock |Object that is used for synchronization

Constructors

Writer() Create Writer where critical sections synchronize on the writer

Writer(Object lock) |Create Writer where critical sections synchronize on the specified object

Methods

void close() Closes stream and free resources

void flush() Flush stream

void write(char[] cbuf) Write array of characters

void write(char[] cbuf, int off, int [Writearray of characters specifying offset and
len) length

void write(int c) Write character

void write(String str) Write string

void write(String str, int off, int |Writestring specifying offset and length
len)

java.lang

ArithmeticException Long

ArraylndexOutOf BoundsException Math

ArrayStoreException NegativeArraySizeException

Boolean NullPointerException

Byte NumberFormatException

Character Object

Class OutOfMemoryError

ClassCastException Runnable

ClassNotFoundException Runtime

490




[Error 'RuntimeException

Exception SecurityException

I11egal A ccessException Short

I1legal ArgumentException String

I1legal M onitor StateException StringBuffer

llllegal ThreadStateException 'Stringl ndexOutOfBoundsException
IndexOutOf BoundsException 'System

I nstantiationException Thread

Integer Throwable

InterruptedException VirtualMachineError

ArithmeticException
public class ArithmeticException extends RuntimeException

Arithmetic exception, such as divide by zero

Constructors
ArithmeticException() Create ArithmeticException
ArithmeticException(String s) Create ArithmeticException with message

ArraylndexOutOfBoundsException
public class ArraylndexOutOf BoundsException extends IndexOutOf BoundsException

Attempt to use an invalid array index

Constructors

‘Array IndexOutOfBoundsException() ‘Create ArraylndexOutOf BoundsException

‘Arrayl ndexOutOfBoundsException(int index) ‘Create ArraylndexOutOf BoundsException

‘Arrayl ndexOutOfBoundsException(String s) ‘Create ArraylndexOutOf BoundsException

ArrayStoreException

public class ArrayStoreException extends RuntimeException
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Indicates an attempt to store atype not supported by the array

Constructors
ArrayStoreException() Create ArrayStoreException
ArrayStoreException(String s) Create ArrayStoreException with message

Boolean

public final class Boolean

Wrap a boolean primitive type in an object

Constructors

‘Boolean(boolean value)

Create Boolean

Methods

boolean booleanValue()

Get value of object

boolean equals(Object obj)

Compare objects

int hashCode()

Get hashcode of object

String toString()

Get String representation of object

Byte

public final class Byte

Wrap abyte primitive type in an object

Fields

MAX_VALUE Maximum byte value
MIN_VALUE Minimum byte value
Constructors

‘Byte(byte value)

Create Byte

Methods
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byte byteValue()

Get value of object

boolean equals(Object obj)

Compare aobjects

int hashCode()

Get hashcode for object

byte parseByte(String s)

Convert string to byte

byte parseByte(String s, int
radix)

Convert string to byte, specifying radix(number
base)

String toString()

Get String representation of object

Character
public final class Character
Wrap achar primitive type in an object

Fields

MAX_RADIX  |Maximum radix(hnumber base) for conversion to and from Strings

MAX_VALUE Largest character

MIN_RADIX Minimum radix(number base) for conversion to and from Strings

MIN_VALUE S mallest character

Constructors

‘Character(char value)

Create Character

Methods

char charVvalue()

Get character value of object

int digit(char ch, int
radix)

Get numeric value of character specifying radix(number
base)

boolean equals(Object obj)

Compare objects

int hashCode()

Get hashcode for object

boolean isDigit(char ch)

Is character adigit?

boolean isLowerCase(char ch)

I's character lowercase?

boolean isUpperCase(char ch)

Is character uppercase?

char toLowerCase(char ch)

Convert character to lowercase

String toString()

Get String representation of object

char toUpperCase(char ch)

Convert character to uppercase
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Class
public final class Class

Represents Java class, interface and primitive types

Methods

‘C lass forName(String className) |Get Class object for the specified class

String getName() Get fully qualified name of the specified object(class,
interface, array class, primitive type, or void)

InputStream Get resource with specified name

getResourceAsStream(String name)

boolean isArray() Isthe object an array?

boolean isAssignableFrom(Class Is object the same, or a superclass or superinterface

cls) of the parameter?

‘boo lean islInstance(Object obj) |Is the parameter an instance of the object?

‘boo lean islInterface() |Isthe object an interface?

‘Obj ect newlnstance() |Create instance of object

Istring toString() Get String representation of object

ClassCastException
public class ClassCastException extends RuntimeException

Attempt to cast an object to aclassthat it is not an instance of

Constructors
‘C lassCastException() |Create ClassCastException
‘C lassCastException(String s) |Create ClassCastException with message

ClassNotFoundException
public class ClassNotFoundException extends Exception

Attempt to load a class that cannot be found

Constructors
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‘C lassNotFoundException() |Create ClassNotFoundException

‘C lassNotFoundException(String s) |Create ClassNotFoundException with message

Error
public class Error extends Throwable

Abnormal error condition, usually resulting in ending of the application; typically

not caught

Constructors

Error() Creste Error
[Error(String s) Creste Error with message
Exception

public class Exception extends Throwable

Indicates error condition; typically caught through a subclass

Constructors
Exception() Create Exception
Exception(String s) Create Exception with messsage

lllegalAccessException
public class I1legal A ccessException extends Exception

Class cannot be loaded due to access restrictions

Constructors
‘I IlegalAccessException() ‘Create I1legal AccessException
‘I IlegalAccessException(String s) ‘Create Illegal A ccessException with message
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lllegalArgumentException
public class I1legal ArgumentException extends RuntimeException

Indicates a method was passed an illegal argument(parameter)

Constructors

‘I I legalArgumentException() Create Illegal ArgumentException
]IIIegaIArgumentException

lllegalMonitorStateException
public class I1legal M onitor StateException extends RuntimeException

Indicates thread trying to access a monitor it does not own

Constructors

‘ I 1legalMonitorStateException() Create Illegal M onitorStateException
11legalMonitorStateException(String Create I1legal M onitorStateException with
s) message

lllegalThreadStateException
public class Illegal ThreadStateException extends I1legal ArgumentException

Indicates thread attempt to performillegal operation based on its current state

Constructors

I11egalThreadStateException() Create Illegal ThreadStateException
I1legalThreadStateException(String Create llegal ThreadStateException with
s) message

IndexOutOfBoundsException

public class IndexOutOf BoundsException extends RuntimeException

496



An index(such as array, vector or string) is out of itsvalid range

Constructors

IndexOutOfBoundsException()

Create an IndexOutOfBoundsException

IndexOutOfBoundsException(String
s)

Create an IndexOutOfBoundsException with
message

InstantiationException

public class InstantiationException extends Exception

Indicates attempt to instantiate(create instance of) a classthat is either an interface or abstract

Constructors

InstantiationException()

Create an InstantiationException

InstantiationException(String s)

Create an I nstantiationException with message

Integer
public fina class Integer

Wrap an int primitive type in an object

Fields

MAX_VALUE M aximum integer
MIN_VALUE Minimum integer
Constructors

‘Integer(i nt value)

Create Integer

Methods

byte byteValue()

Get value of object asabyte

boolean equals(Object obj)

Compare objects

int hashCode()

Get hashcode for object

int intvValue()

Get value of object asinteger
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long longValue() Get value of object asalong

int parselnt(String s) Convert string to int

int parselnt(String s, int Convert string to int, specifying radix(number base)
radix)

short shortValue() Get value of object as short

String toBinaryString(int i) Get string value of parameter in base 2
String toHexString(int i) Get string value of parameter in base 16
String toOctalString(int i) Get string value of parameter in base 8
String toString() Get String representation of object

String toString(int i) Get String representation of specified int
String toString(int i, int Get String representation of specified int and
radix) radix(number base)

Integer valueOf(String s) Convert string to Integer object

Integer valueOf(String s, int Convert string to Integer object, specifying
radix) radix(number base)

InterruptedException
public class InterruptedException extends Exception

Indicates a thread has been interrupted by a call to interrupt() method

Constructors

InterruptedException() Create an InterruptedException
InterruptedException(String s) Create an InterruptedException with message
Long

public final class Long

Wrap along primitive type in an object

Fields

MAX_VALUE Maximum long
MIN_VALUE Minumum long
Constructors
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‘Long(long value) Create Long
Methods

boolean equals(Object obj) Compare objects

int hashCode() Get hashcode for object

long longValue()

Get value of object aslong

long parselLong(String s)

Convert string to long

long parseLong(String s, int
radix)

Convert string to long, specifying radix(number base)

String toString()

Get String representation of object

String toString(long i)

Get String representation of specified long

String toString(long i, int
radix)

Get String representation of specified long and

radix(number base)

Math
public final class Math

Methods for math operations

Methods

int abs(int a)

Get absolute value of int

int abs(long a)

Get absolute value of long

int max(int a, int b)

Get maximum of two int values

long max(long a, long b)

Get maximum of two long values

int min(int a, int b)

Get minimum two int values

long min(long a, long b)

Get minimum two long values

NegativeArraySizeException

public class NegativeA rraySizeException extends RuntimeException

Indicates attempt to allocate an array with a negative size

Constructors

‘NegativeArrayS izeException()

Creste a NegativeArraySizeException
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NegativeArraySizeException(String

s)

Create a NegativeArraySizeException with
message

NullPointerException

public class NullPointerException extends RuntimeException

Indicates access to a null object

Constructors

Nul IPointerException()

Create a NullPointerException

NulIPointerException(String s)

Create a NullPointerException with message

NumberFormatException

public class NumberFormatException extends Ilegal ArgumentException

Indicates attempt to convert a string to numeric type that is not supported

Constructors

NumberFormatException()

Create a NumberFormatException

NumberFormatException(String s)

Create a NumberFormatException with message

Object
public class Object

Root class of al objects

Constructors

Object() Create Object

Methods

bboolean equals(Object obj)  |Compare objects

500




Class getClass() Get runtime class of object

lint hashCode() Get hashcode for object

void notify() Wakes up thread waiting on this object's monitor

void notifyAll() Wakes up al threads waiting on this object's monitor

String toString() Get String representation of object

void wait() Wait until another thread invokes the notify() or notifyAll()

void wait(long timeout) Wait until another thread invokes the notify() or notifyAll(),
with a timeout

void wait(long timeout, int |Waituntil another thread invokesthe notify() or notifyAll(),

nanos) with atimeout

OutOfMemoryError

public class OutOfMemoryError extends VirtualMachineError

Indicates Java virtual machine has exhausted memory(even after garbage collection)

Constructors

‘OutOfMemo ryError() |Create OutOfMemoryError

‘OutOfMemo ryError(String s) |Create OutOfMemoryError with message
Runnable

public abstract interface Runnable

Interface for classes that intend to be run by athread

Methods

void run() |Called when an object that isimplementing the Runnable interface starts the thread

Runtime
public class Runtime

Class that provides a means for interaction(minimal) with the runtime environment
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Methods

void exit(int status)

Exit the Java application

long freeMemory()

Free memory available

void gc()

Run garbage collector

Runtime getRuntime()

Get runtime object associated with current Java application

long totalMemory()

Get total amount of memory used by the Java Virtual Machine

RuntimeException

public class RuntimeException extends Exception

Superclass of exceptions thrown during normal operation of the Java virtual machine

Constructors
RuntimeException() Create RuntimeException
RuntimeException(String s) Create RuntimeException with message

SecurityException

public class SecurityException extends RuntimeException

Indicates a security violation

Constructors

SecurityException() Create SecurityException
SecurityException(String s) Create SecurityException with message
Short

public fina class Short

Wrap a short primitive type in an object

Fields
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MAX_VALUE

Maximum short

MIN_VALUE Minimum short
Constructors

‘Short(short value) Create Short
Methods

boolean equals(Object obj) Compare objects

int hashCode() Get hashcode for object

short parseShort(String s)

Convert string to short

radix)

short parseShort(String s, int

Convert string to short, specifying radix(number
base)

short shortvalue()

Get value of object

String toString()

Get String representation of object

String

public final class String

Methods for operating on a string of characters; once allocated, a string cannot be modified

Constructors

String()

Create String

String(byte[] bytes)

Create String from array of bytes using platform
default character encoding

String(byte[] bytes,

String enc)

Create String from array of bytes using specified
character encoding

String(byte[] bytes,
len)

int off, iInt

Create String from array of bytes, specifying offset
and length, using platform default character encoding

String(byte[] bytes,
len, String enc)

int off, int

Create String from array of bytes, specifying offset
and length, using specified character encoding

String(char[] value)

Create String from array of characters

String(char[] value,
int count)

int offset,

Create String from array of characters, specifying
offset and count

String(String value)

Create String from an existing string

String(StringBuffer buffer)

Create String from a string buffer

Methods
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char charAt(int index)

Get character at index

int compareTo(String anotherString)

Compare two strings

String concat(String str)

Concatenate parameter onto string

boolean endsWith(String suffix)

Determine if string ends with specified
string

boolean equals(Object anObject)

Compare objects

byte[] getBytes()

Convert string into an array of bytes using
the platform'’s default character encoding

byte[] getBytes(String enc)

Convert string into an array of bytes using
the specified character encoding

void getChars(int srcBegin, int srcknd,

char[] dst, int dstBegin)

Copies characters from string into an array,
specifying source and destination

int hashCode()

Get hashcode for object

int indexOf(int ch)

Get index of first occurrence of specified
character

int indexOf(int ch, int fromlndex)

Get index of specified character, starting the
search at the specified index

int indexOf(String str)

Get index of the substring

int indexOf(String str, int fromlndex)

Get index of the substring, starting the
search at the specified index

int lastindexOf(int ch)

Get index of last occurrence of specified
character

int lastindexOf(int ch, int fromlndex)

Get index of specified character, searching
from the end of the string towards the
beginning, starting at the specified index

int length()

Get length of string

boolean regionMatches(boolean
ignoreCase, int toffset, String other,
int ooffset, int len)

Compare two substrings

String replace(char oldChar, char
newChar)

Replace al occurrences of acharacter

boolean startsWith(String prefix)

Determineif string starts with specified
string

boolean startsWith(String prefix, int
toffset)

Determineif string starts with specified
string starting at index

String substring(int beginlndex)

Get substring from specified index to end of
string

String substring(int beginlndex, int
endlIndex)

Get substring from specified begin index to
specified end index

char[] toCharArray()

Convert string to an array of characters

String tolLowerCase()

Convert to lowercase

String toString()

Return this object

String toUpperCase()

Convert to uppercase

String trim()

Remove white space from beginning and
end
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String valueOf(boolean b) Convert boolean to string object
String valueOf(char c) Convert character to string object
String valueOf(char[] data) Convert character array to string object
String valueOf(char[] data, int offset, |Convertcharacter array to string object,
int count) specifying offset and count

String valueOf(int i) Convert int to string object

String valueOf(long I) Convert long to string object

String valueOf(Object obj) Convert object to string object

StringBuffer
public final class StringBuffer

Methods for operating on a string of characters; unlike strings, a string buffer can be modified once
alocated.

Constructors

StringBuffer() Create empty string buffer that will hold 16 characters

StringBuffer(int Create empty string buffer that will hold the specified number of

length) characters

StringBuffer(String Create string buffer from a string

str)

Methods

StringBuffer append(boolean b) Append boolean

StringBuffer append(char c) Append character

StringBuffer append(char[] str) Append an array of characters

StringBuffer append(char[] str, int Append array of characters specifying

offset, int length) offset and length

StringBuffer append(int i) Append integer

StringBuffer append(long I) Append long

StringBuffer append(Object obj) Append object

StringBuffer append(String str) Append string

int capacity() Get number of characters that may be
stored, without allocating more space

char charAt(int index) Get character at specified index

StringBuffer delete(int start, int end) |Deletecharacter(s)

StringBuffer deleteCharAt(int index) Delete character

void ensureCapacity(int minimum Capacity) |Ensuresthe capacity isat least equal to the
specified parameter
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void getChars(int srcBegin, int srcéEnd, |Copy from string buffer into array
char[] dst, int dstBegin)

StringBuffer insert(int offset, boolean |Insert boolean

b)

StringBuffer insert(int offset, char c) |Insert character
StringBuffer insert(int offset, char[] Insert character array
str)

StringBuffer insert(int offset, int i) Insert integer

StringBuffer insert(int offset, long 1) |Insertlong

StringBuffer insert(int offset, Object Insert object

obj)

StringBuffer insert(int offset, String Insert string

str)

int length() Get count of charactersin the string buffer

StringBuffer reverse() Reverse contents of string buffer

void setCharAt(int index, char ch) Set character at the specified index to
another character

void setLength(int newLength) Set the length of string buffer

String toString() Get String representation of object

StringlIndexOutOfBoundsException
public class StringlndexOutOfBoundsException extends | ndexOutOf BoundsException

Indicates access outside the valid range of a string

Constructors

StringlIndexOutOfBoundsException() Create
StringlndexOutOfBoundsException

StringlndexOutOfBoundsException(int index) |Create
StringlndexOutOfBoundsException

StringlndexOutOfBoundsException(String Create
str) StringlndexOutOfBoundsException
System

public final class System

Class that provides access(minimal) to system methods and fields
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Fields

err Standard error output stream
out S tandard output stream
Methods

void arraycopy(Object src, int srcPosition, Object |Copy onearray to another

dst, int dst_position,

int length)

long currentTimeMillis()

Returns the current timein
milliseconds

void exit(int status)

Terminates the currently
running Java application

void gc() Runs garbage collector
String getProperty(String key) Gets system property

indicated by the specified key
int identityHashCode(Object x) Get hashcode for object
Thread

public class Thread implements Runnable

A classto provide multiple threads of execution within the Javavirtual machine

Fields

MAX_PRIORITY

Maximum priority for athread

MIN_PRIORITY

Minimum priority for a thread

NORM_PRIORITY Default priority assigned to thread
Constructors
Thread() Create Thread

Thread(Runnable target)

Create Thread and invoke run() method of target

Methods

int activeCount()

Active threads in the virtual machine

Thread currentThread()

Get reference to currently executing thread

int getPriority() Get threads priority
boolean isAlive() Isthread alive?
void join() Wait for thread to die
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void run() If thread was constructed using Runnable object, call that
object's run() method

void setPriority(int Set priority of thread

newPriority)

void sleep(long millis) Put thread to sleep for specified number of milliseconds

void start() Begin execution of thread by calling the run() method of the
thread

String toString() Get String representation of object

void yield() Allow other threads to execute by temporarily pausing

Throwable

public class Throwable

Root class of al errors and exceptions

Constructors

Throwable() Creste Throwable
Throwable(String message) Create Throwable with message
Methods

String getMessage() Get error message

void printStackTrace() Output stack trace to standard error stream
String toString() Get String representation of object

VirtualMachineError
public abstract class VirtualMachineError extends Error

Indicates Java virtual machine error(such as insufficient resources)

Constructors
VirtualMachineError() Create a VirtualM achineError
VirtualMachineError(String s) Create a Virtual MachineError with message
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java.util

Calendar NoSuchElementException
Date Random
EmptyStackException Stack

Enumeration TimeZone

Hashtble V ector

Calendar

public abstract class Calendar

Methods for date and time conversion, arithmetic and formatting

Fields

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

MONDAY

TUESDAY

WEDNESDAY
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THURSDAY

FRIDAY

SATURDAY

SUNDAY

AM
PM

AM_PM

DATE

MONTH

YEAR

MILLISECOND

SECOND

MINUTE

HOUR

DAY_OF _MONTH

DAY_OF WEEK

HOUR_OF DAY

Constructors

(calendar() Create calendar using default time zone and locale

Methods

boolean after(Object when)

Compare time

boolean before(Object when)

Compare time

boolean equals(Object obj)

Compare objects

int get(int field)

Get field value

Calendar getlnstance()

Return calendar using default time zone and locale

Calendar getlnstance(TimeZone
zone)

Return calendar using the specified time zone and
default locale

Date getTime()

Get calendar current time as date

long getTimelnMillis()

Get calendar current time as long

TimeZone getTimeZone()

Get timezone
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void set(int field, int value) Set field to specified value

void setTime(Date date) Set calendar time using specified date
void setTimelnMillis(long Set calendar time using long
millis)

void setTimeZone(TimeZone value) |Setcalendar timezone using specified timezone

Date
public class Date
Represent a specific time

Constructors

Date() Create |Dateusing currenttime

Date(long Create Date from long value specifying seconds since January 1, 1970, 00:00:00

date) GMT

Methods

boolean equals(Object |Compare objects

obj)

long getTime() Get milliseconds since January 1, 1970, 00:00:00 GMT

int hashCode() Get hashcode

void setTime(long time) |Settime based on the number of milliseconds since January 1, 1970
00:00:00 GMT

EmptyStackException
public class EmptyStackException extends RuntimeException

Indicates the stack is empty

Constructors

‘EmptyStackExcepti on() Create EmptyStackException

Enumeration
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public abstract interface Enumeration

Interface that defines methods to iterate through set of values

Methods

boolean hasMoreElements()

More elements available in enumeration

Object nextElement()

Get next e ement in enumeration

Hashtable

public class Hashtable

Hashtabl e(associative array) mapping keys and values

Constructors

Hashtable()

Create empty Hashtable with default capacity

Hashtable(int initialCapacity)

Create empty Hashtable, specifying initial capacity

Methods

void clear()

Clear all keysfrom hashtable

boolean contains(Object value)

Isthere a key for the specified object?

boolean containsKey(Object key)

Is there an object for the specified key?

Enumeration elements()

Get an enumeration to iterate through the valuesin
hashtable

Object get(Object key)

Get value at specified key

boolean isEmpty()

Is hashtable empty

Enumeration keys()

Get an enumeration to iterate through the keysin
hashtable

Object put(Object key, Object
value)

Map specified key to value(insert into hashtable)

void rehash()

Rehash contents into a hashtable with a greater
capacity

Object remove(Object key)

Remove key and value from hashtable

int size()

Get the number of keys

String toString()

Get string representation of hashtable contents

NoSuchElementException
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public class NoSuchElementException extends RuntimeException

Indicates there are no more elements in an enumeration

Constructors

NoSuchElementException() Create NoSuchElementException

NoSuchElementException(String s) Create NoSuchElementException with message

Random

public class Random

Generate pseudo-random numbers

Constructors

Random()

Create random number generator

Random(long seed)

Create random number generator, specifying the seed value

Methods

int next(int bits)

Get next random number

int nextint()

Get next random number as uniformly distributed integer

long nextLong()

Get next random number as uniformly distributed long

void setSeed(long seed) Set seed

Stack

public class Stack extends Vector

Lastin, first out(LIFO) data structure

Constructors

IStackQ

Create empty Stack

Methods

‘boo lean empty()

Is stack empty?
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Object peek()

Peek at top object without popping from stack

Object pop()

Remove object at the top of stack

Object push(Object item)

Push an object onto the stack

int search(Object o)

Locate an object on the stack; returns distance from the top

TimeZone
public abstract class TimeZone

A timezone.

Constructors

‘TimeZone()

Create Timezone

Methods

String getAvailablelDs()

Get supported timezones

TimeZone getDefault()

Get default timezone on host

String getID()

Get ID(name) of timezone

int getOffset(int era, int year, int month, |Getmillisecondstoaddto GMT to
int day, int dayOfweek, int millis) convert specified date to timezone

int getRawOffset()

Get GMT offset(millisecondsto GMT)
for this timezone

TimeZone getTimeZone(String ID) Get timezone for the specified ID(name)

boolean useDaylightTime()

Does timezone observe "daylight
savings'

Vector

public class Vector

Array of objects that will automatically increase in size as necesssary

Fields

capacitylncrement How much the vector grows by when capacity is reached
elementCount Count of elementsin vector

elementData Array that holds vector contents
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Constructors

Vector() Create empty Vector
Vector(int initialCapacity) Create empty Vector specifying initial
capacity

Vector(int initialCapacity, int
capacitylncrement)

Create empty Vector specifying intia
capacity and increment

Methods

void addElement(Object obj)

Add object to vector

int capacity()

Get number of objects that may be stored, without
allocating more space

boolean contains(Object elem)

Is the specified object in the vector?

void copylnto(Object[] anArray)

Copy vector contentsinto an array

Object elementAt(int index)

Get object at specified index

Enumeration elements()

Get an enumeration

void ensureCapacity(int
minCapacity)

Ensure vector will hold at a minimum the specified
number of elements

Object firstElement()

Get first element in vector

int indexOf(Object elem)

Search for first occurence of object

int indexOf(Object elem, int index)

Search for first occurence of object beginning at
specified index

void insertElementAt(Object obj,
int index)

Insert object at specified index

boolean isEmpty()

Is vector empty?

Object lastElement()

Get last object in vector

int lastindexOf(Object elem)

Find last occurrence of specified object

int lastindexOf(Object elem, int
index)

Search backwards for an object beginning at the
specifed index

void removeAllElements()

Empty the vector

boolean removeElement(Object obj)

Remove first occurrence of specified object

void removeElementAt(int index)

Delete object at specified index

void setElementAt(Object obj, int
index)

Set(replace) object at specified index

void setSize(int newSize)

Set new size for the vector

int size()

Get number of objects currently in vector

String toString()

Get string representation of vector contents

void trimToSize()

Change size of vector(array) to the actual number
of objects stored

javax.microedition.io
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Connection

DatagramConnection

ConnectionNotFoundException

InputConnection

Connector

OutputConnection

ContentConnection

StreamConnection

Datagram

StreamConnectionNotifier

Connection

public abstract interface Connection

A "generic" connection

Methods

‘void close()

Close connection

ConnectionNotFoundException

public class ConnectionNotFoundException extends |OException

Indicates requested connection "target” could not be found

Constructors

ConnectionNotFoundException() Create ConnectionNotFoundException
ConnectionNotFoundException(String s) Create ConnectionNotFoundException
Connector

public class Connector

Static methods to create and open a connection

Fields

READ Open for read only
READ_WRITE Open for read and write
WRITE Open for write only
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Methods

Connection open(String name)

Create/open connection for
read/write

Connection open(String name, int mode)

Create/open connection specifying
mode

Connection open(String name, int mode, boolean
timeouts)

Create/open connection with mode
and timeout

DatalnputStream openDatalnputStream(String
name)

Create/open data input stream

DataOutputStream openDataOutputStream(String
name)

Create/open data output strea

InputStream openlnputStream(String name)

Create/open input stream

OutputStream openOutputStream(String name)

Create/open output stream

ContentConnection

public abstract interface ContentConnection extends StreamConnection

Interface extending a stream connection which accomodates data

Methods
String Get encoding information of data(e.g. http "Content-Encoding” header
getEncoding() field)

long getLength() Get total length of data

String getType() Get information about the type of data(e.g. http "Content-Type"header

field)

Datagram

public abstract interface Datagram extends Datal nput, DataOutput

Interface for datagram communicatio

Methods

String getAddress() Datagram address

byte[] getData() Get byte array containing the data
int getLength() Get length of data

int getOffset() Get current offset into the data
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void reset()

Reset length and offset and start read/write
from beginning

void setAddress(Datagram)

Set datagram address based on address of
specified datagram

void setAddress(String)

Set datagram address to the specified string

void setData(byte[] buffer, int offset,
int len)

Set datagram data from byte array

void setLength(int len)

Set datagram length

DatagramConnection

public abstract interface DatagramConnection extends Connection

Interface to describe the capabilities of a datagram connection

Methods

int getMaximumLength()

Get maximum datagram length

int getNominalLength()

Get nominal datagram length

Datagram newDatagram(byte[] buf, int size) Create datagram from specified
information

Datagram newDatagram(byte[] buf, int size, Create datagram from specified

String addr) information

Datagram newDatagram(int size) Create datagram from specified
information

Datagram newDatagram(int size, String addr) Create datagram from specified
information

void receive(Datagram dgram) Receive datagram

void send(Datagram dgram) Send datagram

InputConnection

public abstract interface InputConnection extends Connection

Interface to describe the capabilities of an input stream connection

Methods

DatalnputStream openDatalnputStream()

Open datainput stream

InputStream openlnputStream()

Open input stream
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OutputConnection
public abstract interface OutputConnection extends Connection

Interface to describe the capabilities of an output stream connection

Methods
‘DataOutputStream openDatalOutputStream() ‘Open data output stream
‘OutputStream openOutputStream() ‘Open output stream

StreamConnection
public abstract interface StreamConnection extends | nputConnection, OutputConnection

Interface to describe the capabilities of a stream connection

StreamConnectionNotifier
public abstract interface StreamConnectionNotifier extends Connection

Interface to describe the capabilities of a stream connection notifier

Methods

‘StreamConnecti on acceptAndOpen() Create server-side socket connection

519



Appendix C. MIDP API

Alert: javax.microedition.lcdui.Alert

AlertType: javax.microedition.lcdui.AlertType

Canvas. javax.microedition.lcdui.Canvas

Choice: javax.microedition.lcdui.Choice

ChoiceGroup: javax.microedition.lcdui.ChoiceGroup

Command: javax.microedition.lcdui.Command

CommandListener: javax.microedition.lcdui.CommandListener
DateFeld: javax.microedition.|cdui.DateField
Display: javax.microedition.lcdui.Display

Displayable: javax.microedition.lcdui.Displayable

Font: javax.microedition.lcdui.Font

Form: javax.microedition.lcdui.Form

Gauge: javax.microedition.lcdui.Gauge

Graphics: javax.microedition.lcdui.Graphics

HttpConnection: javax.microedition.io.HttpConnection

Image: javax.microedition.lcdui.lmage

Imageltem: javax.microedition.lcdui.lmageltem

Item: javax.microedition.lcdui.ltem

ItemStatel istener: javax.microedition.lcdui.ltemStateL istener

List: javax.microedition.lcdui.List
MIDlet: javax.microedition.midlet.MIDIlet
M Dl etStateChangeException: javax.microedition.midlet.MIDletStateChangeException

RecordComparator: javax.microedition.rms.RecordComparator

RecordEnumeration: javax.microedition.rms.RecordEnumeration

RecordFilter: javax.microedition.rms.RecordFilter

RecordListener: javax.microedition.rms.RecordListener

RecordStore: javax.microedition.rms.RecordStore

Record Store Exceptions

Screen: javax.microedition.lcdui.Screen

Stringltem: javax.microedition.lcdui.Stringltem

TextBox: javax.microedition.lcdui. TextBox
TextFeld: javax.microedition.lcdui. TextFeld
Ticker: javax.microedition.lcdui.Ticker
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Timer: java.util. Timer
TimerTask: javautil. TimerTask
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Alert: javax.microedition.lcdui.Alert

public class Alert extends Screen

Field/Method Description
Field
FOREVER Specifies the Alert is visible until
acknowledged by the user(also known as
modal); see setTimeout()
Constructor

Alert(String title)

Create anew Alert

Alert(String title, String alertText,

Image alertlmage, AlertType,
alertType)

Create anew Alert with an Image and an
associated sound(AlertType)

Method

int getDefaultTimeout()

Get default time Alert is displayed

Image getlmage()

Get Image associated with Alert

String getString()

Get text associated with Alert

int getTimeout()

Get actual time Alert will be displayed

AlertType getType()

Get the AlertType

void setlmage(lmage img)

Associate an Image with Alert

void setString(String str)

Set text for Alert

void setTimeout(int time)

Set amount of time to display Alert

void setType(AlertType type)

Set the AlertType

AlertType: javax.microedition.lcdui.AlertType

public class AlertType

Field/Method Description
Field
ALARM Indicates arrival of a previous request to be notified
CONFIRMATION Indicates completion of an event or action
ERROR Indicates an error has occurred
INFO Indicates general, non-critical information
WARNING Indicates potential problem or situation
Method

boolean playSound(Display display)

Play a sound on the device
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Canvas: javax.microedition.lcdui.Canvas

public abstract class Canvas extends Displayable

Field/Method Description Value
Field
GameActions
uP Move up 1
DOWN Move down 6
LEFT Move left 2
RIGHT Move right 5
FIRE Fire 8
GAME_A Custom 9
GAME_B Custom 10
GAME_C Custom 11
GAME_D Custom 12
Key Codes ™!
KEY_NUMO ITU-T key O 438
KEY_NUM1 ITU-T key 1 49
KEY_NUM2 ITU-T key 2 50
KEY_NUM3 ITU-T key 3 51
KEY_NUM4 ITU-T key 4 52
KEY_NUM5 ITU-T key 5 53
KEY_NUM6 ITU-T key 6 54
KEY_NUM7 ITU-T key 7 55
KEY_NUMS8 ITU-T key 8 56
KEY_NUM9 ITU-T key 9 57
KEY_STAR ITU-T key * 42
KEY_POUND ITU-T key # 35
Method

int getGameAction(int keyCode)

Get the game action, if any, for the key
code

int getHeight() Get the canvas height

int getKeyCode(int gameAction) Determine key code for a game action
String getKeyName(int keyCode) Get name for akey code 2

int getWidth() Get the canvas width

boolean hasPointerEvents() Does the platform support a pointer?
boolean hasPointerMotionEvents() Does the platform detect pointer

motion("click/point and drag")?

boolean hasRepeatsEvents()

Does the implementation support repeated
keys?

void hideNotify()

Application manager has removed the
canvas from the display
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boolean isDoubleBuffered() Does implementation provide double
buffering?

void keyPressed(int keyCode) Invoked when akey is pressed

void keyReleased(int keyCode) Invoked when akey is released

void keyRepeated(int keyCode) Invoked when akey is held down(repeated)
3]

abstract void paint(Graphics g) Draw onto the canvas using the Graphics
object specified

void pointerDragged(int x, int y) Invoked when pointer dragged

void pointerPressed(int x, int y) Invoked when pointer pressed

void pointerReleased(int x, int y) Invoked when pointer released

final void repaint() Request the canvas to be painted

final void repaint(int x, int y, int Request a specified region of canvas be

width, int height) painted

final void serviceRepaints() Immediately process any pending paint
requests

void showNotify() Application manager is about to show the
canvas on the display

M1 TU-T is the standard telephone keypad.

2 can display text associated with a game action if converted to a key code.

3] May not be supported on all devices.

Choice: javax.microedition.lcdui.Choice
public interface Choice

This class defines fields and methods for components that allow a user to select from predefined
elements. The fields and methods defined in this class are shown in ChoiceGroup and List, which
implement this interface.

ChoiceGroup: javax.microedition.lcdui.ChoiceGroup

public class ChoiceGroup extends Item implements Choice

Field/Method Description

Field X

EXCLUSIVE Only one selection available at
any time
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MULTIPLE

Zero or more selections available
at any time

IMPLICIT Not available for ChoiceGroup;
seelList

Constructor

ChoiceGroup(String label, int choiceType) Create a ChoiceGroup with no
elements

ChoiceGroup(String label, int choiceType, Create a ChoiceGroup and

String[] stringElements, Image[] imageElements) |populate with datafrom the
arrays

Method

int append(String stringPart, Image imagePart) |Addeementtoend

void delete(int elementNum) Delete element

Image getlmage(int elementNum)

Get Image associated with
element

int getSelectedFlags(boolean[]
selectedArray_return)

Store selection statusin an array

int getSelectedlIndex()

Get the index of the selected
element

String getString(int elementNum)

Get text(String) associated with
element

void insert(int elementNum, String stringPart, |Insertelement

Image imageElement)

boolean isSelected(int elementNum) Isthe element currently selected?
void set(int elementNum, String stringPart, Set(replace) element

Image imagePart)

void setSelectedFlags(boolean[] selectedArray) |Set selection statusfrom an array

void setSelectedIndex(int elementNum, boolean
selected)

For MULTIPLE ChoiceGroup,
set element to specified boolean
value

For EXLCUSIVE ChoiceGroup,
set element to true

IMPLICIT not available for
ChoiceGroup

int size()

Number of elements

(1] From Choice interface, also used with List.

Command: javax.microedition.lcdui.Command

public class Command
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Field/Method Description

Field

BACK Reguest to move to the previous screen

CANCEL Request to cancel an operation

EXIT Request to exit the MIDlet

HELP Request to display help information

ITEM Request to map the Command to an "item" on
screen

OK Specify positive acknowledgement from a user

SCREEN For Commands in which it is unlikely there will be a
specific key mapping available

STOP Request to stop an operation

Constructor

Command(String label, int Create a new Command

commandType, int priority)

Method

int getCommandType() Get type assigned to Command

String getLabel()

Get label assigned to Command

int getPriority()

Get priority assigned to Command

CommandListener:

javax.microedition.lcdui.CommandListener

public interface CommandListener

Method

Description

void commandAction(Command c,
Displayable d)

Called when the Command "c" on the Displayable
"d" initiates an event

DateField: javax.microedition.lcdui.DateField

public class DateField extends Item

FieldMethod Description
Field
DATE Allows the user to edit only the date
TIME Allows the user to edit only the time
DATE_TIME Allows the user to edit both the date and
time
Constructor
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DateField(String label, int mode)

Create DateField

DateField(String label, int mode,
TimeZone timeZone)

information

Method

Date getDate()

Get current value

int getlnputMode()

Get the current input mode

void setDate(Date date)

Set new date/time value

void setlnputMode(int mode)

Set new input mode

Display: javax.microedition.lcdui.Display

public class Display

Method

Description

void callSerially(Runnable r)

Request a runnable object be called after
repainting

Displayable getCurrent()

Get current Displayable object

static Display getDisplay(MiDlet m)

Get Display object for thisMIDlet

boolean isColor()

Does the device support color?

int numColors()

How many colors(or shades of gray) are
available?

void setCurrent(Alert alert,

Show an Alert followed by the specified
Displayable object

Displayable nextDisplayable)

Show a new Displayable object

void setCurrent(Displayable
nextDisplayable)

Displayable: javax.microedition.lcdui.Displayable

abstract public class Displayable

Method

Description

void addCommand(Command cmd)

Add Command to Displayable object

boolean isShown()

Isthe Displayable object visible on the
screen?

void removeCommand(Command cmd)

Remove Command from Displayable
object

void setCommandListener(CommandListener

D

Add CommandListener to Displayable
object
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Font: javax.microedition.lcdui.Font

public fina class Font

FieldMethod Description
Field
FACE_MONOSPACE Monospace characters
FACE_PROPORT IONAL Proportional characters
FACE_SYSTEM System characters
STYLE_BOLD Bold characters

STYLE_ITALIC

Italicized characters

STYLE_PLAIN

Plain characters

STYLE_UNDERLINED

Underlined characters

SI1ZE_LARGE Large characters
S1ZE_MEDIUM Medium characters
SI1ZE_SMALL Small characters
Method

int charsWidth(char[] ch, int offset,
int length)

Get the advance for a series of characters

int charWidth(char ch)

Get the advance for specific character

int getBaselinePosition()

Get font ascent(baseline to top of character)

static Font getDefaultFont()

Request the system Font

int getFace()

Get the current face

static Font getFont(int face, int
style, int size)

Request anew Font

int getHeight()

Get font height(distance between baselines)

int getSize()

Get the current size

int getStyle()

Get the combination of style attributes as one
integer(logically or'ed)

boolean isBold()

Isthe bold(style) attribute set?

boolean isltalic()

Istheitalic(style) attribute set?

boolean isPlain()

Isthe plain(style) attribute set?

boolean isUnderlined()

Is the underlined(style) attribute set?

int stringWidth(String str)

Get the advance for a String

int substringWidth(String str, int
offset, int length)

Get the advance for a sub-string of a String

Form: javax.microedition.lcdui.Form
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public class Form extends Screen

Method Description

Constructor

Form(String title) Createaform

Form(String title, Iltem[] items) Create aform and add Item(s) in
the array

Method

int append(Image img) Append an Image

int append(ltem item) Append an Item

int append(String str) Append a String

void delete(int itemNum) Delete an Item

Item get(int itemNum) Get an Item

void insert(int itemNum, Item item) Insert an Item prior to theitem
specified

void set(int itemNum, Item item) Set(replace) an Item

void setltemStatelListener(ltemStateListener Add alistener

iListener)

int size() Get the number of Itemson a
form

Gauge: javax.microedition.lcdui.Gauge

public class Gauge extends Item

Method Description

Constructor

Gauge(String label, boolean interactive, int Create anew gauge

maxValue, int initialValue)

Method

int getMaxValue() Get maximum allowed
gauge value

int getvalue() Get current value of gauge

boolean islInteractive() Isthis an interactive
gauge?

void setMaxValue(int maxValue) Set maximum allowed
gauge value

void setValue(int value) Set new value for gauge

Graphics: javax.microedition.lcdui.Graphics
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public class Graphics

FieldMethod Description
Field
Stroke Style
SOLID Draw solid lines
DOTTED Draw dotted lines
Anchor Points
BASEL INE Baseline of text
BOTTOM Bottom of text/image
HCENTER Center of text/image
LEFT Left of text/image
RIGHT Right of text/image
TOP Top of text/image
VCENTER Center of image
Method

void clipRect(int x, int y, int width, int
height)

Intersect this rectangle with the current
clipping rectangle to create anew

clipping region

void drawArc(int x, int y, int width, int
height, int startAngle, int arcAngle)

Draw an arc inside bounding box
specified by x,y and width, height

void drawChar(char character, int x, int
y, int anchor)

Draw one character

void drawChars(char[] data, int offset,
int length, int x, int y, int anchor)

Draw an array(or subset) of characters

void drawlmage(lmage img, int x, int vy,
int anchor)

Draw an image

void drawLine(int x1, int yl, int x2, int
y2)

Draw line specifying starting and end
points

void drawRect(int x, int y, int width, int
height)

Draw arectangle

void drawRoundRect(int x, int y, int
width, int height, int arcWidth, int
arcHeight)

Draw arounded rectangle

void drawString(String str, int x, int vy,
int anchor)

Draw a String

void drawSubstring(String str, int offset,
int len, int x, int y, int anchor)

Draw asub-string of a String

void FfillArc(int x, int y, int width, int
height, int startAngle, int arcAngle)

Fill an arc inside bounding box specified
by x,y and width,height

void fillRect(int x, int y, int width, int
height)

Fill arectangle

void fillRoundRect(int x, int y, int
width, int height, int arcWidth, int
arcHeight)

Fill arounded rectangle

int getBlueComponent()

Get the blue component of the current
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color

int getClipHeight()

Get height of the current clipping region

int getClipWidth()

Get width of the current clipping region

int getClipX()

Get x coordinate of the current clipping

region

int getClipY() Get y coordinate of the current clipping
region

int getColor() Get current color as one integer value

Font getFont() Get the current Font

int getGrayScale() Get current grayscale

int getGreenComponent() Get the green component of the current
color

int getRedComponent() Get the red component of the current
color

int getStrokeStyle() Get the current stroke style

int getTranslateX()

Get the current translated x coordinate

int getTranslateY()

Get the current translated y coordinate

void setClip(int x, int y, int width, int

height)

Set the clipping rectangle

void setColor(int RGB)

Set color by combining each color
component(Red, Green, Blue) into one
integer value

void setColor(int red, int green, int

Set color specifying each color

blue) component(Red, Green, Blue) separately

void setFont(Font font) Set the current Font

void setGrayScale(int value) Set the grayscale

void setStrokeStyle(int style) Set the stroke style

void translate(int x, int y) Tl;anslatetheorigin(o, 0) for a Graphics
object

HttpConnection: javax.microedition.io.HttpConnection

public interface HttpConnection extends ContentConnection

Field/Method Description
Field X
GET GET request method
HEAD HEAD request method

HTTP_ACCEPTED

Status Code; 202

Message: The request has been accepted for processing, but
the processing has not been compl eted
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HTTP_BAD_GATEWAY

Status Code: 502

Message: The server, while acting as a gateway or proxy,
received an invalid response from the upstream server it
accessed in attempting to fulfill the request

HTTP_BAD_METHOD

Status Code: 405

Message: The method specified in the Request-Lineis not
allowed for the resource identified by the Request-URL

HTTP_BAD_REQUEST

Status Code: 400

Message: The request could not be understood by the server
due to malformed syntax

HTTP_CLIENT_TIMEOUT

Status Code: 408

Message: The client did not produce a request within the
time that the server was prepared to wait. The client MAY
repeat the request without modifications at any later time

HTTP_CONFLICT

Status Code: 409

Message: The request could not be completed due to a
conflict with the current state of the resource

HTTP_CREATED

Status Code: 201

Message: The request has been fulfilled and resulted in a
new resource being created

HTTP_ENTITY_TOO_LARGE

Status Code: 413

Message: The server isrefusing to process a request because
the request entity islarger than the server iswilling or able to
process

HTTP_EXPECT_FAILED

Status Code: 417

Message: The expectation given in an Expect request-header
field could not be met by this server, or, if the server isa
proxy, the server has unambiguous evidence that the request
could not be met by the next-hop server

HTTP_FORBIDDEN

Status Code: 403

Message: The server understood the request, but is refusing
to fulfill it. Authorization will not help and the request
SHOULD NOT be repeated

HTTP_GATEWAY_TIMEOUT

Status Code: 504

Message: The server, while acting as a gateway or proxy, did
not receive atimely response from the upstream server
specified by the URL (e.g., HTTP, FTP) or some other
auxiliary server(e.g., DNS) it needed to access in attempting
to complete the request
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HTTP_GONE

Status Code: 410

Message: The requested resource is no longer available at the
server and no forwarding address is known

HTTP_INTERNAL_ERROR

Status Code: 500

Message: The server encountered an unexpected condition
that prevented it from fulfilling the request

HTTP_LENGTH_REQUIRED

Status Code: 411

Message: The server refuses to accept the request without a
defined Content-Length

HTTP_MOVED_PERM

Status Code: 301

Message: The requested resource has been assigned a new
permanent URL and any future references to this resource
SHOULD use one of the returned URLS

HTTP_MOVED_TEMP

Status Code: 302

Message: The requested resource resides temporarily under a
different URL

HTTP_MULT_CHOICE

Status Code: 300

Message: The requested resource corresponds to any one of a
set of representations, each with its own specific location,
and agent-driven negotiation information is being provided
so that the user(or user agent) can select a preferred
representation and redirect its request to that location

HTTP_NO_CONTENT

Status Code: 204

Message: The server has fulfilled the request but does not
need to return an entity-body, and might want to return
updated meta information

HTTP_NOT_ACCEPTABLE

Status Code: 406

Message: The resource identified by the request is only
capable of generating response entities that have content
characteristics not acceptable according to the accept headers
sent in the request

HTTP_NOT_AUTHORITATIVE

Status Code: 203

Message: The returned metainformation in the entity-header
is not the definitive set as available from the origin server,
but is gathered from alocal or athird-party copy

HTTP_NOT_FOUND

Status Code: 404

Message: The server has not found anything matching the
Request-URL. No indication is given of whether the
condition is temporary or permanent
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HTTP_NOT_IMPLEMENTED

Status Code: 501

Message: The server does not support the functionality
required to fulfill the request

HTTP_NOT_MODIFIED

Status Code: 304

Message: If the client has performed a conditional GET
request and access is alowed, but the document has not been
modified, the server SHOULD respond with this status code

HTTP_OK

Status Code: 200

Message: The request has succeeded

HTTP_PARTIAL

Status Code: 206

Message: The server has fulfilled the partial GET request for
the resource

HTTP_PAYMENT_REQUIRED

Status Code: 402

Message: This codeis reserved for future use

HTTP_PRECON_FAILED

Status Code: 412

Message: The precondition given in one or more of the
request-header fields evaluated to false when it was tested on
the server

HTTP_PROXY_AUTH

Status Code: 407

Message: This codeis similar to 401(Unauthorized), but
indicates that the client must first authenticate itself with the

proxy

HTTP_REQ_TOO_LONG

Status Code: 414

Message: The server isrefusing to service the request
because the Request-URL is longer than the server iswilling
to interpret

HTTP_RESET

Status Code: 205

Message: The server has fulfilled the request and the user
agent SHOULD reset the document view that caused the
request to be sent

HTTP_SEE_OTHER

Status Code: 303

Message: The response to the request can be found under a
different URL and SHOULD beretrieved using a GET
method on that resource

HTTP_TEMP_REDIRECT

Status Code: 307

Message: The requested resource resides temporarily under a
different URL
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HTTP_UNAUTHORIZED

Status Code: 401

Message: The request requires user authentication

HTTP_UNAVAILABLE

Status Code: 503

Message: The server is currently unable to handle the request
due to atemporary overloading or maintenance of the server

HTTP_UNSUPPORTED_RANGE

Status Code: 416

Message: A server SHOULD return aresponse with this
status code if arequest included a Range request-header field

HTTP_UNSUPPORTED_TYPE

Status Code: 415

Message: The server isrefusing to service the request
because the entity of the request isin aformat not supported
by the requested resource for the requested method

HTTP_USE_PROXY

Status Code: 305

Message: The requested resource MUST be accessed through
the proxy given by the Location field

HTTP_VERSION

Status Code: 505

Message: The server does not support, or refuses to support,
the HTTP protocol version that was used in the request

message

|POST

IPOST request method

Method

long getDate()

Get header field "date"

long getExpiration()

Get header field "expires’

String getFile()

Get filename from the URL

‘String getHeaderField(int n)

|Get header field value looking up by index

String getHeaderField(String
name)

Get header field value looking up by name

long
getHeaderFieldDate(String
name, long def)

Get named field as along(representing the date)

int getHeaderFieldInt(String
name, int def)

Get named field as an integer

String getHeaderFieldKey(int
n)

Get header field key using index

String getHost() Get host from the URL
long getLastModified() Get header field "last-modified”
lint getPort() \Get port from the URL

‘String getProtocol()

Get protocol from the URL

String getQuery()

Get the query string(only valid with a GET request)

String getRef()

Get the reference portion of URL™
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String getRequestMethod()

Get the current setting of the request method(GET, POST,
HEAD)

String
getRequestProperty(String
key)

Get the current setting of a request property(header value)

int getResponseCode()

Get the response code(numeric)

String getResponseMessage()

Get the response message(text)

String getURL()

Get the entire URL

void setRequestMethod(String
method)

Set the request method(GET, POST or HEAD)

void
setRequestProperty(String
key, String value)

Set arequest property(header information)

[ All HTTP status code information is taken directly from HTTP Protocol 1.1

http://www.ietf.org/rfc/rfc2616.txt

Image: javax.microedition.lcdui.Image

public class Image

Method Description
Createan Image™
static Image createlmage(String name) Create immutable image from
resource
static Image createlmage(lmage source) Create immutable image from
existing Image

static Image createlmage(byte[] imageData, int Create immutable image from

imageOffset, int imagelLength)

array data

static Image createlmage(int width, int height) |Create mutableimage

Method

Graphics getGraphics()

Get reference to Graphics object
for mutable image

int getHeight()

Get the height of Image

int getWidth()

Get the width of Image

boolean isMutable()

Determine if image is mutable

(1

Note: Constructor is not used to create an Image.

Imageltem: javax.microedition.lcdui.lmageltem

public class Imageltem extends Item
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Field/Method

Description

Field

LAYOUT_CENTER

Center the image horizontally

LAYOUT_DEFAULT

Use the default layout of device
implementation

LAYOUT_NEWLINE_AFTER

Insert a newline after theimage is drawn

LAYOUT_NEWL INE_BEFORE

Insert a newline beforethe imageis
drawn

LAYOUT_LEFT

The image should appear on the left

LAYOUT_RIGHT

The image should appear on the right

Constructor

Imageltem(String label, int

layout, String altText)

Image img,

Create an Imageltem

Method

String getAltText()

Get aternate text to display if image
cannot be shown on the device

Image getlmage()

Get Image associated with Imageltem

int getLayout()

Get the current layout directives

void setAltText(String text)

Set alternate text to display if image
cannot be shown on the device

void setlmage(lmage img)

Set Image to be associated with
Imageltem

void setLayout(int layout)

Set new layout directive

Item: javax.microedition.lcdui.ltem

abstract public class Item

Method

Description

String getLabel()

Get the label assigned to the Item

void setLabel(String label)

Set label for the Item

ltemStateListener:

javax.microedition.lcdui.ltemStateListener

public interface ItemStateL istener

Method

Description

void itemStateChanged(ltem item)

Called when "item" has been changed

537




List: javax.microedition.lcdui.List

public class List extends Screen implements Choice

FieldMethod Description

Field

EXCLUSIVE Only one selection available at
any time

IMPLICIT Selection of an element
generates an event

MULTIPLE Zero or more selections available
a any time

Constructor

List(String title, int listType)

Create anew List with no
elements

List(String title, int listType, String

Create anew List and populate

stringElements[], Image imageElements[]) with data from the arrays
Method
int append(String stringPart, Image imagePart) |Addeementtoend

void delete(int elementNum)

Delete an element at specified
index

Image getlmage(int elementNum)

Get Image of element at
specified index

int getSelectedFlags(boolean[]
selectedArray_return)

Store selection statusin an array

int getSelectedlIndex()

Get index of selected el ement

String getString(int elementNum)

Get text of element at specified
index

void insert(int elementNum, String stringPart,
Image imagePart)

Insert element at specified index

boolean isSelected(int elementNum)

Isthe element currently selected

void set(int elementNum, String stringPart,
Image imagePart)

Set(replace) element at specified
index

void setSelectedFlags(boolean[] selectedArray)

Set selection status from an array

void setSelectedIndex(int elementNum, boolean
selected)

For MULTIPLE List: set
element to specified boolean
value;

For EXLCUSIVE List; set
element to true

For IMPLICIT List: set element
to true

int size()

Number of elementsin List
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(1 From Choice interface, also used with ChoiceGroup.

MIDlet: javax.microedition.midlet.MIDlet

public abstract class MIDlet

Method

Description

Communication from Application Manager to
MIDlet

abstract void destroyApp(boolean
unconditional)

MIDlet is about to be shut down

abstract void startApp()

MIDlet has been placed into active state

abstract void pauseApp()

MIDlet is about to be placed into paused
State

Communication from MIDlet to Application
M anager

final void notifyDestroyed()

MIDlet is requesting to be shut down

final void notifyPaused()

MIDlet is requesting to be paused

final void resumeRequest()

MIDlet is requesting to become active(after
being paused)

Attribute Request from MIDlet to Application
M anager

final String getAppProperty(String key)

Get attributes from jar and/or jad files

MIDletStateChangeException:

javax.microedition.midlet.MIDletStateChangeException

public class MIDletStateChangeException extends Exception

Method Description
MIDletStateChangeException() Create exception object with no text
MIDlIetStateChangeException(String s) Create exception object with text

RecordComparator:

javax.microedition.rms.RecordComparator

public interface RecordComparator
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Fields’Method Description

Field

EQUIVALENT The records passed to compare() method are equivalent

FOLLOWS Based on the sort algorithm in the compare() method, the first
parameter follows the second

PRECEDES Based on the sort algorithm in the compare() method, the first
parameter precedes the second

Method

int compare(byte[] recil,
byte[] rec2)

Compare records to determine sort order.

RecordEnumeration:

javax.microedition.rms.RecordEnumeration

public interface RecordEnumeration

Method

Description

Method

void destroy()

Free all resources held by the enumeration

boolean hasNextElement()

Does enumeration have more records going forward?

boolean hasPreviousElement()

Does enumeration have more records going
backward?

boolean isKeptUpdated()

Will enumeration re-index as record store changes?

void keepUpdated(boolean
keepUpdated)

Set whether enumeration will re-index as record store
changes

byte[] nextRecord()

Get the next record number in result set

int nextRecordld()

Get ID of the next record in result set

int numRecords()

Number of records in the enumeration(result set)

byte[] previousRecord()

Get previousrecord in result set

int previousRecordld()

Get ID of the previous record in result set

void rebuild()

Rebuild enumeration index

void reset()

Reset enumeration to beginning

RecordFilter: javax.microedition.rms.RecordFilter

public interface RecordFilter

Method

Description

boolean matches(byte[] candidate) Search arecord for a specific value
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RecordListener: javax.microedition.rms.RecordListener

public interface RecordListener

Method

Description

void recordAdded(RecordStore recordStore, int
recordld)

Called when record is
added

void recordChanged(RecordStore recordStore, int
recordld)

Called when record is
changed

void recordDeleted(RecordStore recordStore, int
recordld)

Called when record is
deleted

RecordStore: javax.microedition.rms.RecordStore

public class RecordStore

Method Description
Constructor
No constructor. See openRecordStore()
Method
int addRecord(byte[] data, int offset, int Add arecord

numBytes)

void addRecordListener(RecordListener listener)

Add alistener to detect record

store changes
void closeRecordStore() Close record store
void deleteRecord(int recordld) Delete arecord
static void deleteRecordStore(String Delete record store

recordStoreName)

RecordEnumeration enumerateRecords(RecordFilter
filter, RecordComparator comparator, boolean
keepUpdated)

Build an enumeration for
traversing recordsin the
record store

long getLastModified()

Last modified date of the
record store

String getName()

Name of the record store

int getNextRecordID()

Number of the next record
when adding a new record to
the store

int getNumRecords()

Number of recordsin the
record store

byte[] getRecord(int recordld)

Return a byte array containing
record data

541




int getRecord(int recordld, byte[] buffer, int

offset)

Return record datain array
parameter, copying data
beginning at the specified
offset

int getRecordSize(int recordld)

Sizein bytes of arecord

int getSize()

Total bytes occupied by
record store

int getSizeAvailable()

Current space(bytes) available
for records; Thiswill change
as records are added/del eted

int getVersion()

Record store version number

static String[] listRecordStores()

List record storesin MIDlet
suite

static RecordStore openRecordStore(String

recordStoreName, boolean createlfNecessa

Open record store. Optionally,
create the store if it does not

aready exist.

ry)

void removeRecordListener(RecordListener

listener) |Remove listener

void setRecord(int recordld, byte[] newData, int

offset, int numBytes)

Set(replace) datain arecord

Thefollowing table lists all record store exception classes.

Record Store Exceptions

Constructors

|

Description

Javax.microedition.rms. Inval idRecordIDEx

ception

Inval idRecordIDException()

Create InvalidRecordl DException

InvalidRecordIDException(String message)

Create InvalidRecordl DException with
message

Javax.microedition.rms.RecordStoreExcept

ion

RecordStoreException()

Create RecordStoreException

RecordStoreException(String message)

Create RecordStoreException

Javax.microedition.rms.RecordStoreFul 1Ex

ception

RecordStoreFul IException()

Create RecordStoreful | Exception

RecordStoreFul IException(String message)

Create RecordStoreFull Exception with
message

Javax.microedition.rms.RecordStoreNotFou

ndException

RecordStoreNotFoundException()

Create RecordStoreNotFoundl Exception

RecordStoreNotFoundException(String
message)

Create RecordStoreNotFoundException with
message

Javax.microedition.rms.RecordStoreNotOpe

nException

RecordStoreNotOpenException()

\Create RecordStoreNotOpenException
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RecordStoreNotOpenException(String

message)

message

Screen: javax.microedition.lcdui.Screen

public abstract class Screen extends Displayable

Method

Description

Ticker getTicker()

Get Ticker associated with the Screen

String getTitle()

Get title associated with the Screen

void setTicker(Ticker ticker)

Set Ticker for the Screen

void setTitle(String s)

Set title for the Screen

Stringltem: javax.microedition.lcdui.Stringltem

public class Stringltem extends Item

Method

Description

Constructor

Stringltem(String label, String text)

Create anew Stringltem

Method

String getText()

void setText(String text)

Set new value of the text

TextBox: javax.microedition.lcdui.TextBox

public class TextBox extends Screen

Method Description

Field ™

CONSTRAINT_MASK Used to determine the current value of
constraint

ANY Allow any character input

EMAILADDR Allow only characters that are valid
within email address

NUMERIC Allow only numbers(both positive and
negative)

PASSWORD Masks all character input to provide

Create RecordStoreNotOpenException with

Get current value of the text




privacy

PHONENUMBER Allow only charactersthat are valid as
a phone number

URL Allow only charactersthat are valid
within aURL

Constructor

TextBox(String title, String text, int Create anew TextField

maxSize, int constraints)

Method

void delete(int offset, int length) Delete characters

int getCaretPosition()

Get current input position

int getChars(char[] data)

Place TextBox contentsinto an array

int getConstraints()

Get the constraints defined

int getMaxSize()

Get total characters that can be stored

String getString()

Place TextBox contents into a String

void insert(String src, int position)

Insert characters from a String

void insert(char[] data, int offset, int
length, int position)

Insert characters from an array into
specified "position”

void setChars(char[] data, int offset, int
length)

Replace TextBox contents with data
from an array

void setConstraints(int constraints)

Set the constraints

int setMaxSize(int maxSize)

Set total characters that can be stored

void setString(String text)

Set(replace) TextBox contents from a
String

int size()

Number of characters currently in
TextBox

(1] From TextField class.

TextField: javax.microedition.lcdui.

public class TextField extends Item

TextField

Field/Method

Description

Fied X

CONSTRAINT_MASK

Used to determine the current value of
constraint

ANY Allow any character input

EMAILADDR Allow only characters that are valid within
email address

NUMERIC Allow only numbers(both positive and

negative)




PASSWORD Masks all character input to provide
privacy

PHONENUMBER Allow only charactersthat are valid asa
phone number

URL Allow only characters that are valid within
aURL

Constructor

TextField(String label, String text, int
maxSize, int constraints)

Create anew TextField

Method

void delete(int offset, int length)

Delete characters at a specified offset

int getCaretPosition()

Get current caret(cursor) position

int getChars(char[] data)

Get contents of TextField into an array

int getConstraints()

Get constraints defined for TextField

int getMaxSize()

Get max number of charactersin TextField

String getString()

Get contents of TextField into a String

void insert(String src, int position)

Insert String at a specified offset

void insert(char[] data, int offset, int
length, int position)

Insert specified characters from array into
TextField at a specified offset

void setChars(char[] data, int offset,
int length)

Set(replace) characters with data from
array

void setConstraints(int constraints)

Set constraints for TextField

int setMaxSize(int maxSize)

Set max number of charactersin TextField

void setString(String text)

Set(replace) Text Field contents from
String

int size()

Number of characters currently in

TextField

[l Also used in TextBox

Ticker: javax.microedition.lcdui.Ticker

public class Ticker

Method Description
Constructor
Ticker(String str) Create anew Ticker with the specified ticker text
Method

String getString()

Get the text associated with the Ticker

void setString(String str)

Set the text to associate with the Ticker
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Timer: java.util.Timer

public class Timer

Method Description
Constructor
Timer() Create timer
Method

void cancel()

Ends the timer and any scheduled
tasks

void schedule(TimerTask task, long delay) Schedule atask to occur after a
delay

void schedule(TimerTask task, long delay, long |Scheduleafixed-delay repeating

period) task that starts after adelay

void schedule(TimerTask task, Date time) Schedule atask to occur on
specific date

void schedule(TimerTask task, Date firstTime, |Scheduleafixed-delay repeating

long period)

task that starts on specific date

void scheduleAtFixedRate(TimerTask task, long |Schedule afixed-rate repeating
delay, long period) task that starts after adelay
void scheduleAtFixedRate(TimerTask task, Date |Schedule fixed-rate repeating task

firstTime, long period)

that starts on specific date

TimerTask: java.util. TimerTask

public abstract class TimerTask implements java.lang.Runnable

Method Description
Constructor
TimerTask() Create timer task
Method
boolean cancel() End the task

abstract void run()

Place codein this method to carry out the action of the task

long scheduledExecutionTime()

Time when the last run task was scheduled to occur
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