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Foreword
Way back in 2008, I was given my first Android device. It was the Dream, also known as 
the G1, and I immediately started tinkering with it. After all, here was a smartphone with 
the promise of thousands of applications, and who knew how many hundreds of possible 
handsets. That shows how much I knew at the time! I really should have been thinking in 
the order of millions of applications, and tens of thousands of devices, because that is where 
Android is heading today.

Whether it is traditional phones, tablets, cars, in-flight entertainment systems, robots, or any 
other of the myriad Android devices out there, what makes them great are the applications 
written by people like you, dear reader! Every day, Android developers push the possibilities 
of what applications—and Android—can do, and it is that energy that draws me to the 
community, and to helping in my own smali way with books like Pro Android.

One of the best observations about technology and innovation I have heard is that 
innovation happens when you create something and share it with another person, which 
they then adapt and use in a totally unexpected way. So let me commend this book to you 
in that spirit. Enjoy everything Pro Android has to offer you, and take it to create something 
totally unexpected! We’ll be first in linę to try it out, whatever it is.

—Grant Allen 
New York 
May 2015

xxxlii



Introduction
Welcome to the wonderful world of Android. A world where, with a bit of knowledge and 
effort, you too can write Android applications. To write good applications, however, you 
will need to dig deeper, to understand the fundamentals of the Android architecture, to 
understand how applications can work together, to understand how mobile applications are 
different from all previous forms of programming. The online documentation on Android is 
fair, but it does not go far enough. You can read the source codę, but that‘s not at all easy. 

This book is the culmination of seven years of researching, developing, testing, refining, and 
writing about Android. We’ve read all the online documentation, scoured through source 
code, explored the far reaches of the Internet, and have compiled this book. We’ve filled in 
the gaps, anticipated the guestions you have, and provided answers. Along the way we’ve 
seen APls come and go and be revised. We’ve seen major changes in how applications 
are constructed. At first we all used Actiyities, but when tablets came along we started 
using Fragments. We've taken everything we’ve learned and filled this book with practical 
9uidance to using the latest Android APls to write interesting applications.
Tou will still find coverage of the beginning topics, to help the new learner get started 
developing for Android. You will also find coverage of the more advanced topics, such as 
Google Maps Android API v2, which is very different from v1. We’ve updated this edition 
with the latest information on the available APls. You will find in-depth coverage of intents, 
sen/ices, broadcast receivers, communication, fragments, widgets, sensors, animation, 
security, loaders, persistence, Google Cloud Messaging, audio and video, and more. And for 
every topie there are sample programs that illustrate each API in meaningful ways. All source 
code is downloadable, so you can copy and pastę it into your applications to get a great 
head start.
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Chapter

Hello Android
Welcome to the book, and welcome to the world of Android development. In a little under 
ten years, Android has helped change the face of modern mobile computing and telephony 
and launched a revolution in how applications are developed, and by whom. With this book 
in your hands, you are now part of the great Android explosion! We’re going to assume 
that you want to get straight at working with Android, so we're not going to borę you with a 
fireside chat about Android's history, major characters, plaudits, or any other prose. We're 
9oing to get straight to it!
In this chapter, you’ll start by seeing what you need to begin building applications with 
the Android software development kit (SDK) and set up your choice of development 
environment. Next, you step through a “Hello World!” application. Then the chapter explains 
the Android application life cycle and ends with a discussion about running your applications 
with Android Virtual Devices (AVDs) and on real devices. So lets get started.

Prerequisites for Android Development
To build applications for Android, you need the Java SE Deyelopment Kit (JDK), the Android 
SDK, and a deyelopment enyironment. Strictly speaking, you can develop your applications 
using nothing morę than a primitive text editor and a handful of command-line tools like 
Ant. For the purposes of this book, we’ll use the commonly ayailable Eclipse IDE, though 
you are free to adopt Android Studio and its IntelliJ underpinnings—we’ll even walk through 
Android Studio for those who have not seen it. With the exception of a few add-on tools, the 
examples we share in the book will work equally well between these two IDEs.
The Android SDK requires JDK 6 or 7 (the fuli JDK, not just the Java Runtime Enyironment 
[JRE]) and optionally a supported IDE. Currently, Google directly supports two alternative 
IDEs, providing some choice. Historically, Eclipse was the first IDE supported by Google 
f°r Android deyelopment, and developing for Android 4.4 KitKat or 5.0 Lollipop requires 
Eclipse 3.6.2 or higher (this book uses Eclipse 4.2 or 4.4, also known as Juno and Luna, 
resPectively, and other yersions). The alternative enyironment released and supported by 
Google for Android is now known as Android Studio. This is a packaged yersion of IDEA 
intellij with built-in Android SDK and developer tools.

1
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Notę At the time of this writing, Java 8 was available but not yet supported by the Android SDK.
In previous versions of the Android SDK, Java 5 was also supported, but this is no longer the case.
The latest version of Eclipse (4.4, a.k.a. Juno) was also available, but Android has historically not
been reliable on the latest Eclipse right away. Check the system requirements here to find the latest:
http://developer.android.com/sdk/index.html.

The Android SDK is compatible with Windows (Windows XP, Windows Vista, and Windows 7), 
Mac OS X (Intel only), and Linux (Intel only). In terms of hardware, you need an Intel machinę, 
the more powerful the better.

To make your life easier, if you choose Eclipse as your IDE, you will want to use Android 
development tools (ADT). ADT is an Eclipse plug-in that supports building Android 
applications with the Eclipse IDE.

The Android SDK is madę up of two main parts: the tools and the packages. When you first 
install the SDK, all you get are the base tools. These are executables and supporting files 
to help you deveiop applications. The packages are the files specific to a particular version 
of Android (called a platform) or a particular add-on to a platform. The platforms include 
Android 1.5 through 4.4.2. The add-ons include the Google Maps API, the Market License 
Validator, and even vendor-supplied ones such as Samsung’s Galaxy Tab add-on. After you 
install the SDK, you then use one of the tools to download and set up the platforms and 
add-ons.

Remember, you only need to set up and configure one of Eclipse or Android Studio. You can 
use both if you are so inclined, but ifs certainly not reguired. Lefs get started!

Setting Up Your Eclipse Environment
In this section, you walk through downloading JDK 6, the Eclipse IDE, the Android SDK 
(tools and packages), and ADT. You also configure Eclipse to build Android applications. 
Google provides a page to describe the installation process (http://developer.android, 
com/sdk/installing.html) but leaves out some crucial steps, as you will see.

Downloading JDK
The first thing you need is the JDK. The Android SDK requires JDK 6 or higher; we’ve 
developed our examples using JDK 6 and 7, depending on the version of Eclipse or Android 
Studio in use. For Windows and Mac OS X, download JDK 7 from the Oracle web site 
(www.oracle.com/technetwork/java/javase/ downloads/index.html) and install it. You only 
need the JDK, not the bundles. To install the JDK for Linux, open a Terminal window and 
instruct your package manager to install it. For example, in Debian or Ubuntu try the following:

sudo apt-get install sun-java7-jdk

http://developer.android.com/sdk/index.html
http://developer.android
http://www.oracle.com/technetwork/java/javase/


CHAPTER 1: Hello Android 3

This should install the JDK plus any dependencies such as the JRE. If it doesn’t, it probably 
means you need to add a new software source and then try that command again. The web 
Page https://help.ubuntu.com/community/Repositories/Ubuntu explains software sources 
and how to add the connection to third-party software. The process is different depending 
on which version of Linux you have. After you’ve done that, retry the command.

With the introduction of Ubuntu 10.04 (Lucid Lynx), Ubuntu recommends using OpenJDK 
instead of the Oracle/Sun JDK. To install OpenJDK, try the following:

sudo apt-get install openjdk-7-jdk

if this is not found, set up the third-party software as outlined previously and run the 
command again. All packages on which the JDK depends are automatically added for you. 
It is possible to have both OpenJDK and the Oracle/Sun JDK installed at the same time. To 
switch active Java between the installed versions of Java on Ubuntu, run this command at a 
Shell prompt

sudo update-alternatives --config java

and then choose which Java you want as the default.
Now that you have a Java JDK installed, ifs time to set the JAVA_HOME enyironment yariable 
to point to the JDK install folder. To do this on a Windows XP machinę, choose Start > My 
Computer, right-click, select Properties, choose the Advanced tab, and click Enyironment 
^ariables. Click New to add the yariable or Edit to modify it if it already exists. The value of 
]AVA_HOME is something like C:\Program Files\Java\jdkl.7.0_79.

For Windows Vista and Windows 7, the steps to get to the Enyironment Variables screen 
are a little different. Choose Start > Computer, right-click, choose Properties, click the link 
for Advanced System Settings, and click Enyironment Variables. After that, follow the same 
lnstructions as for Windows XP to change the JAVA_HOME enyironment yariable.
For Mac OS X, you set JAVA_HOME in the . bashrc file in your home directory. Edit or create the 
•bashrc file, and add a linę that looks like this

exPort JAVA_HOME=path_to_lDK_directory

Where path_to_3DK_directory is probably /Library/lava/Home. For Linux, edit your .bashrc 
flle and add a linę like the one for Mac OS X, except that your path to Java is probably 
something like /usr/lib/jvm/java-6-sun or /usr/lib/jvm/java-6-openjdk.

Downloading Eclipse
After the JDK is installed, you can download the Eclipse IDE for Java Developers.
(You don’t need the edition for Java EE; it works, but ifs much larger and includes things 
you don’t need for this book.) The examples in this book use Eclipse 4.2 or 4.4 (on both 
f|nux and Windows environments). You can download all yersions of Eclipse from 
Www-eclipse.org/downloads/.

https://help.ubuntu.com/community/Repositories/Ubuntu
eclipse.org/downloads/
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Notę As an alternative to the individual steps presented here, you can also download the ADT 
Bundle from the Android developer site. This includes Eclipse with built-in developer tools and the 
Android SDK in one package. It’s a great way to get started guickly, but if you have an existing 
environment, or just want to know how all the components are stitched together, then following the 
step-by-step instructions is the way to go.

The Eclipse distribution is a . zip file that can be extracted just about anywhere. The 
simplest place to extract to on Windows is C:\, which results in a C:\eclipse folder where 
you find eclipse.exe. Depending on your security configuration, Windows may insist on 
enforcing UAC when running from C:\. For Mac OS X, you can extract to Applications. For 
Linux, you can extract to your home directory or have your administrator put Eclipse into a 
common place where you can get to it. The Eclipse executable is in the eclipse folder for 
all platforms. You may also find and install Eclipse using Linux’s Software Center for adding 
new applications, although this may not provide you with the latest version.

When you first start up Eclipse, it asks you for a location for the workspace. To make things 
easy, you can choose a simple location such as C:\android or a directory under your home 
directory. If you share the Computer with others, you should put your workspace folder 
somewhere underneath your home directory.

Downloading the Android SDK
To build applications for Android, you need the Android SDK. As stated before, the SDK 
comes with the base tools; then you download the package parts that you need and/or want 
to use. The tools part of the SDK includes an emulator so you don’t need a mobile device 
with the Android OS to develop Android applications. It also has a setup utility to allow you 
to install the packages that you want to download.

You can download the Android SDK from http://developer.android.com/sdk . It ships as a 
.zip file, similar to the way Eclipse is distributed, so you need to unzip it to an appropriate 
location. For Windows, unzip the file to a convenient location (we used the C: drive), after 
which you should have a folder called something like C:\android-sdk-windows that contains 
the files as shown in Figure 1 -1. For Mac OS X and Linux, you can unzip the file to your home 
directory. Notice that Mac OS X and Linux do not have an SDK Manager executable; the 
equivalent of the SDK Manager in Mac OS X and Linux is to run the tools/android program.

Name _________  
ffTj>add-ons 
ir*| platforms 
li tools

SDK Manager.exe 
(D SDK Readme.txt

Figure 1-1. Base contents ofthe Android SDK

http://developer.android.com/sdk
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An alternative approach (for Windows only) is to download an installer EXE instead of the zip 
file and then run the installer executable. This executable checks for the Java JDK, unpacks 
the embedded files for you, and runs the SDK Manager program to help you set up the rest 
of the downloads.

Whether through using the Windows installer or by executing the SDK Manager, you should 
install some packages next. When you first install the Android SDK, it does not come with 
any platform versions (that is, versions of Android). Installing platforms is pretty easy. After 
you’ve launched the SDK Manager, you see what is installed and whafs available to install, 
as shown in Figurę 1-2. You must add Android SDK tools and platform-tools in order for your 
enyironment to work. Because you use it shortly, add at least the Android 1.6 SDK platform, 
as well as the latest platform shown in your installer.

QOO Android SDK Manager
Packages Tools

SDK Path: \;zzy/android-sdk-linux

Packages

Name API Rev. Status

□ Tools

f Android SDK Tools 22.3 Installed
d ł Android SDK Platform-tools 19 B Not installed

Android SDK Build-tools 19 Not installed

Android SDK Build-tools 18.1.1 Q Not installed

Android SDK Build-tools 18.1 Not installed

y Android SDK Build-tools 18.0.1 B Not installed

Android SDK Build-tools 17 Not installed

- a Cł Android 4.4 (API 19)

v « Documentation for Android SDK 19 1 Not installed

a 'w1 SDK Platform 19 1 B Not installed

j i Samples for SDK 19 1 Not installed ▼

Show: Updates/New a Installed Obsolete Select New or Updates Install 9 packages...

Sort by: API level Repository OeselectAII |. Dętete packałeś.... j

Done loading packages.
O W 

____J

Figure 1-2. Adding packages to the Android SDK

Click the Install button. You need to click Accept for each item you’re installing (or Accept 
AU) and then click Install. Android then downloads your packages and platforms to make 
hem available to you. The Google APls are add-ons for developing applications using 

Google Maps. You can always come back to add more packages later.
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Updating Your PATH Environment Variable
The Android SDK comes with a tools directory that you want to have in your PATH. You also 
need in your PATH the platform-tools directory you just installed. Let’s add them now or, if 
you’re upgrading, make surę they’re correct. While you’re there, you can also add a JDK bin 
directory, which will make life easier later.

For Windows, get back to the Environment Variables window. Edit the PATH variable and 
add a semicolon (;) on the end, followed by the path to the Android SDK tools folder, 
followed by another semicolon, followed by the path to the Android SDK platform-tools 
folder, followed by another semicolon, and then %JAVA_HOME%\bin. Click OK when you’re 
done. For Mac OS X and Linux, edit your .bashrc file and add the Android SDK tools 
directory path to your PATH yariable, as well as the Android SDK platform-tools directory 
and the $JAVA_HOME/bin directory. Something like the following works for Linux:

export PATH=$PATH:$HOME/android-sdk-linux_x86/tools:$HOME/android-sdk-linux_x86/platform- 
tools:$JAVA_HOME/bin

Just make surę that the PATH component thafs pointing to the Android SDK tools 
directories is correct for your particular setup.

The Tools Window
Later in this book, there are times when you need to execute a command-line utility 
program. These programs are part of the JDK or part of the Android SDK. By having these 
directories in your PATH, you don’t need to specify the fuli pathnames in order to execute 
them, but you need to start up a tools window in order to run them (later chapters refer to 
this tools window). The easiest way to create a tools window in Windows is to choose Start 
> Run, type in cmd, and click OK. For Mac OS X, choose Terminal from your Applications 
folder in Finder or from the Dock if ifs there. For Linux, run your favorite terminal.

You may need to know the IP address of your Workstation later. To find this in Windows, 
launch a tools window and enter the command ipconf ig. The results contain an entry 
for IPv4 (or something like that) with your IP address listed next to it. An IP address looks 
something like this: 192.168.1.25. For Mac OS X and Linux, launch a tools window and use 
the command ifconfig. You find your IP address next to the label inet addr.

You may see a network connection called localhost or lo; the IP address for this network 
connection is 127.0.0.1. This is a special network connection used by the operating system 
and is not the same as your workstation’s IP address. Look for a different number for your 
workstation’s IP address.
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Installing ADT
Now you need to install ADT (very recently renamed to GDT, the Google Developer Tools), an 
Eclipse plug-in that helps you build Android applications. Specifically, ADT integrates with 
Eclipse to provide facilities for you to create, test, and debug Android applications. You need 
to use the Install New Software facility in Eclipse to perform the installation. (The instructions 
tor upgrading ADT appear later in this section.) To get started, launch the Eclipse IDE and 
follow these steps:

1. Select Help > Install New Software.

2. Select the Work With field, type in
https://dl-ssl.google.com/android/eclipse/,

and press Enter. Eclipse contacts the site and populates the list as shown 
in Figure 1-3.

F<gure 1-3, installing ADT using the Install New Software feature in Eclipse

https://dl-ssl.google.com/android/eclipse/
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3. You should see an entry named Developer Tools with four child 
nodes: Android DDMS, Android Development Tools, Android 
Hierarchy Viewer, and Android Traceview. Just before publishing 
this book, Google updated the ADT to be part of the more generic 
Google Developer Tools plugin for Eclipse, or GDT. Look for the same 
options in the GDT. Select the parent node Developer Tools, make 
surę the child nodes are also selected, and click the Next button. 
The versions you see may be newer than these, and thafs okay. 
You may also see additional tools. These tools are explained further 
in Chapter 11.

4. Eclipse asks you to verify the tools to install. Click Next.

5. You’re asked to review the licenses for ADT as well as for the tools 
required to install ADT. Review the licenses, click “I accept,” and then 
click the Finish button.

Eclipse downloads the developer tools and installs them. You need to restart Eclipse for the 
new plug-in to show up in the IDE.

If you already have an older version of ADT in Eclipse, go to the Eclipse Help menu and 
choose Check for Updates. You should see the new version of ADT and be able to follow the 
installation instructions, picking up at step 3.

Notę If you’re doing an upgrade ofADT, you may not see some of these tools in the list of tools 
to be upgraded. If you don’t see them, then after you’ve upgraded the rest of the ADT, go to Install 
New Software and select https://dl-ssl.google.com/android/eclipse/ from the Works 
With menu. The middle window should show you other tools that are available to be installed.

The finał step to make ADT functional in Eclipse is to point it to the Android SDK. In Eclipse, 
select Window > Preferences. (On Mac OS X, Preferences is under the Eclipse menu.) In the 
Preferences dialog box, select the Android node and set the SDK Location field to the path 
of the Android SDK (see Figurę 1-4) and then click the Apply button. Notę that you may see 
a dialog box asking if you want to send usage statistics to Google concerning the Android 
SDK; that decision is up to you.

https://dl-ssl.google.com/android/eclipse/
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Figure 1-4. PointingADT to the Android SDK

You may want to make one more Preferences change on the Android > Build page. The 
Skip Packaging option should be checked if you’d like to make your file saves faster. By 
default, the ADT readies your application for launch every time it builds it. By checking this 
°ption, packaging and indexing occur only when truły needed.
Ffom Eclipse, you can launch the SDK Manager. To do so, choose Window > Android SDK 
Manager. You should see the same window as in Figure 1-2.

If you’ve chosen Eclipse as your IDE, you are almost ready for your first Android 
Application—you can skip the following section on Android Studio and head straight to the 
Learning Android’s Fundamental Components” section.

Setting Up Your Android Studio Environment
ln 2013, Google introduced a second supported development environment, known as 
Android Studio (or Android Developer Studio at the time of launch). This is based around a 
Popular Java IDE: IDEA IntelliJ. The most important thing to know about Android Studio is 
nat it is still a work in progress. As of this book’s writing, the latest version is 1.2. Anyone 
amiliar with the vagaries of version numbers knows that starting with a low number usually 
means “beware!”
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The second most important thing to remember is that Android Studio currently assumes a 
64-bit development environment. That means dependencies like Java also need to be 64-bit.

The next sections briefly cover the setup of Android Studio for those interested or gung-ho 
enough to use it. Be mindful that the rest of the book predominantly shows examples and 
options using Eclipse.

Java requirements for Android Studio
Like Eclipse, Android Studio relies on a working Java installation. Android Studio will attempt 
to automatically discover your Java environment during installation, so it pays to have Java 
installed and configured.

For Java installation, remember that Android Studio is 64-bit. In all other respects, you can 
follow the preceding section titled “Downloading JDK”—we won’t repeat that word-for-word 
here to save some trees. Ensure you follow all the instructions there, including setting the 
JAVA_H0ME environment yariable, as this is the main indicator used by the Android Studio 
installer to find your Java installation.

Downloading and Installing Android Studio
Google makes Android Studio ayailable from the main Android deyelopment site, currently at 
the URL http://developer.android.com/sdk/installing/studio.htinl . That may change at 
any time, but a quick search on the developer.android.com site should find it. Android Studio 
is packaged as a monolithic bundle, with nearly all the components you need. The Java SDK 
is the exception—we’ll cover that shortly. The package downloaded from the preceding URL 
will be named something like android-studio-bundle-132.893413-windows.exe for Windows, 
or a similar name with a different extension for OS X and Linux, and includes the following:

■ Current latest build of the Android Studio bundle of IntelliJ IDEA

■ Built-in Android SDK

■ All related Android build tools

■ Android Virtual Device images

We'll talk morę about these components in later chapters. For a Windows installation run 
the executable and follow the prompts to choose an installation path, and decide whether 
Android Studio is madę ayailable to all users on the Windows machinę, or just the current 
user. For OS X, open the .dmg file and copy the Android Studio entry to your Applications 
folder. Under Linux, extract the contents of the .tgz file to your desired location.

Once installed, you can start Android Studio under Windows from the start menu folder you 
chose when prompted; under OS X from the Applications folder; and under Linux by running 
the ./android-studio/bin/studio.sh file under your installation directory. Whateverthe 
operating system, you should see the Android Studio home screen as depicted in Figure 1-5.

http://developer.android.com/sdk/installing/studio.htinl
developer.android.com
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♦ The min content view is composed of a one-card Mink CardScrollview} that /
* feedback to the user when swipe gestures are detected.
* If your Glassware intends to intercept swipe gestures, you should set the cor
♦ and use a {elink com. google.android, glass. touchpad.GestureOetector}.

ID
♦ asee <a href-"https://developers. google. com/glass/deyelop/gdk/touch'->GDK Devt 

a */
5* public class MainActivity extends Actiyity {

* Miik CardScrollView} to use as the min content view. 
*/

private CardScroUViev mCardScroller;

import ...

$

I

m
2
A 3
5

8
» "Hello World!" Miak view} generated by {dlink *buildView(>}.
*/

private Viev mView;

!*
@Override
protected void onCreate(Bundle kundle) { 

super.onCreate(bundle);

ml/iew - buildyiewO;

mCardScroller • new CardScroUView(this);
mCardScroller.setAdapter(new CardScroUAdapterO {

Messages Cradle Sync

Terminal fi: Messages i fi: Android ‘MODO
Q .......  ........... ........ "

Event Log 0 Cradle Console
1:1 LFs UTF-8J h ®

Figure is. Android Studio when first launched

Learning Android’s Fundamental Components
Every application framework has some key components that developers need to understand 
efore they can begin to write applications based on the framework. For example, you 

^eed to understand JavaServer Pages (JSP) and servlets in order to write Java 2 Platform, 
nterprise Edition (J2EE) applications. Similarly, you need to understand views, activities, 

ragments, intents, content providers, sen/ices, and the AndroidManifest.xml file when 
you build applications for Android. You briefly cover these fundamental concepts here and 
exPlore them in more detail throughout the book.

https://developers
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View
Views are user interface (Ul) elements that form the basie building blocks of a user interface. 
A view can be a button, a label, a text field, or many other Ul elements. If you’re familiar with 
views in J2EE and Swing, then you understand views in Android. Views are also used as 
containers for views, which means there’s usually a hierarchy of views in the Ul. In the end, 
everything you see is a view.

Activity
An activity is a Ul concept that usually represents a single screen in your application. It 
generally contains one or more views, but it doesn’t have to. An activity is pretty much like it 
sounds—something that helps the user do one thing, which could be viewing data, creating 
data, or editing data. Most Android applications have several activities within them.

Fragment
When a screen is large, it becomes difficult to manage all of its functionality in a single 
activity. Fragments are like sub-activities, and an activity can display one or more fragments 
on the screen at the same time. When a screen is smali, an activity is more likely to contain 
just one fragment, and that fragment can be the same one used within larger screens.

Intent
An intent generically defines an “intention” to do some work. Intents encapsulate several 
concepts, so the best approach to understanding them is to see examples of their use. You 
can use intents to perform the following tasks:

■ Broadcast a message

■ Start a sen/ice

■ Launch an activity

■ Display a web page or a list of contacts

■ Dial a phone number or answer a phone cali

Intents are not always initiated by your application—theyYe also used by the system to notify 
your application of specific events (such as the arrival of a text message).

Intents can be explicit or implicit. If you simply say that you want to display a URL, the system 
decides what component will fulfill the intention. You can also provide specific information 
about what should handle the intention. Intents loosely couple the action and action handler.
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Content Provider
Data sharing among mobile applications on a device is common. Therefore, Android defines 
a standard mechanism for applications to share data (such as a list of contacts) without 
exposing the underlying storage, structure, and implementation. Through content providers, 
you can expose your data and have your applications use data from other applications.

Service
Services in Android resemble sen/ices you see in Windows or other platforms—they’re 
background processes that can potentially run for a long time. Android defines two types of 
sen/ices: local sen/ices and remote sen/ices. Local sen/ices are components that are only 
accessible by the application that is hosting the sen/ice. Conversely, remote sen/ices are 
sen/ices that are meant to be accessed remotely by other applications running on the device. 
An example of a sen/ice is a component that is used by an e-mail application to poll for 
new messages. This kind of sen/ice may be a local sen/ice if the sen/ice is not used by 
other applications running on the device. If several applications use the sen/ice, then ifs 
lrnplemented as a remote sen/ice.

AndroidManifest.xml
AndroidManifest.xml, which is similar to the web.xml file in the J2EE world, defines the 
contents and behavior of your application. For example, it lists your application’s activities 
and sen/ices, along with the permissions and features the application needs to run.

AVDs
An AVD allows developers to test their applications without hooking up an actual Android 
device (typically a phone or a tablet). AVDs can be created in various configurations to 
ernulate different types of real devices.

Hello World!
Now you’re ready to build your first Android application. You start by building a simple “Hello 
World!” program. Create the skeleton of the application by following these steps:

1- Launch Eclipse, and select File > New > Project. In the New Project 
dialog box, select Android Application Project and then click Next. You 
see the New Android Project dialog box, as shown in Figure 1-6. (Eclipse 
may have added Android Project to the New menu, so you can use it if 
ifs there.) There’s also a New Android Project button on the toolbar.
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Figure 1-6. Using the New Project Wizard to create an Android application

2. As shown in Figure 1-6, enter HelloAndroid as the project name. 
You need to distinguish this project from other projects you create in 
Eclipse, so choose a name that will make sense to you when you are 
looking at all the projects in your Eclipse environment. You will also 
see the available Build Targets. Select Android 2.2. This is the version 
of Android you use as your base for the application. You can run 
your application on later versions of Android, such as 4.3 and 4.4; 
but Android 2.2 has all the functionality you need for this example, 
so choose it as your target. In generał, ifs best to choose the lowest 
version number you can, because that maximizes the number of 
devices that can run your application.

3. Leave the Project Name to auto-complete itself based on your 
Application Name.

4. Use com.androidbook.hello as the package name. Like all Java 
applications, your application must have a base package name, 
and this is it. This package name will be used as an identifier for 
your application and must be unique across all applications. For 
this reason, ifs best to start the package name with a domain name 
that you own. If you don’t own one, be creative to ensure that your 
package name won’t likely be used by anyone else. Click Next.
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5. The next window provides options for customer launcher icons, the 
actual directory for the workspace in which you source codę and 
other files are stored, and several other options. Leave all of these at 
the default, and click Next.

6. The next window shows you the Configure Launcher Icon options 
and settings, as shown in Figure 1-7. Feel free to play with the 
options here, though any changes you make are cosmetic and affect 
the look of the launcher icon when your application is deployed, and 
not its actual logie. Click Next when ready.

figure 1-7. The Android launcher configuration options for a new Android project

7. You’11 next see the Create Activity screen. Choose Blank Activity as the 
activity type, and click Next to move to the last screen of the wizard.

8- The finał screen of the New Android Application wizard will be the 
Blank Activity details page. Type HelloActivity as the Activity Name. 
You’re telling Android that this activity is the one to launch when 
your application starts up. You may have other activities in your 
application, but this is the first one the user sees. Allow the Layout 
Name to auto-populate with the value activity_hello.
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9. Click the Finish button, which tells ADT to generate the project 
skeleton for you. For now, open the HelloActivity.java file under 
the src folder and modify the onCreate() method as follows:

/** Called when the activity is first created. */ 
@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
/** create a TextView and write Hello World! */ 
TextView tv = new TextView(this);
tv.setText("Hello World!");
/** set the content view to the TextView */ 
setContentView(tv);

}

You will need to add an import android.widget.TextView; statement at the top of the file 
with the other imports to get rid of the error reported by Eclipse. Save the HelloActivity. 
java file.

To run the application, you need to create an Eclipse launch configuration, and you need a 
virtual device on which to run it. We’II run quickly through these steps and come back later to 
more details about AVDs. Create the Eclipse launch configuration by following these steps:

1. Select Run > Run Configurations.

2. In the Run Configurations dialog box, double-click Android 
Application in the left pane. The wizard inserts a new configuration 
named New Configuration.

3. Rename the configuration RunHelloWorld.

4. Click the Browse button, and select the HelloAndroid project.

5. Leave Launch Action set to Launch Default Activity. The dialog 
should appear as shown in Figure 1-8.
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Figure 1-8. Configuring an Eclipse run configuration to run the “Hello World!” application

6. Click Apply and then Run. You’re almost there! Eclipse is ready to run 
your application, but it needs a device on which to run it. As shown 
in Figure 1-9, you’re warned that no compatible targets were found 
and asked if you’d like to create one. Click Yes.

Figure 1-9, £rror message warnjng about targets and asking for a newAVD
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7. You’re presented with a window that shows the existing AVDs 
(see Figure 1-10). You need to add an AVD suitable for your new 
application. Click the New button.

Figure 1-10. The existing AVDs

8. Fili in the Create AVD form as shown in Figure 1 -11. Set Name to 
KitKat, choose Android 4.4 - API Level 19 (or some other version) 
for the Target, set SD Card Size to 64 (for 64MB), and choose other 
values as shown. Click Create AVD. The Manager may confirm the 
successful creation of your AVD. Close the AVD Manager window by 
clicking X in the upper-right corner.
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Fi9ure i-i Configuring an AVD

Notę You're choosing a newer version of the SDK for your AVD, but your application can also run 
on an older one. This is okay because AVDs with newer SDKs can run applications that require older 
SDKs. The opposite, of course, is not true: an application that requires features of a newer SDK 
won’t run on an AVD with an older SDK.

9- Select your new AVD from the bottom list. Notę that you may need 
to click the Refresh button to make any new AVDs to show up in the 
list. Click the OK button.

10- Eclipse launches the emulator with your very first Android app (see 
Figure 1-12)!
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Figurę 1-12. HelloAndroidApp running in the emulator

Notę It may take the emulator a while to emulate the device bootup process. Once the bootup 
process has completed, you typically see a locked screen. Click the Menu button or drag the unlock 
image to unlock the AVD. After unlocking, you should see HelloAndroidApp running in the emulator, 
as shown in Figurę 1 -11. Be aware that the emulator starts other applications in the background 
during the startup process, so you may see a warning or error message from time to time. If you 
do, you can generally dismiss it to allow the emulator to go to the next step in the startup process. 
For example, if you run the emulator and see a message like “application abc is not responding,” 
you can either wait for the application to start or simply ask the emulator to forcefully close the 
application. Generally, you should wait and let the emulator start up cleanly.

Now you know how to create a new Android application and run it in the emulator. Next, 
we’ll look more closely at AVDs, and also how to deploy to a real device.
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AVDs
An AVD represents a device and its configuration. For example, you could have an AVD 
representing a really old Android device running version 1.5 of the SDK with a 32MB SD 
card. The idea is that you create AVDs you are going to support and then point the emulator 
to one of those AVDs when developing and testing your application. Specifying (and 
changing) which AVD to use is very easy and makes testing with various configurations a 
snaP- Earlier, you saw how to create an AVD using Eclipse. You can make more AVDs in 
Eclipse by choosing Window > Android Virtual Device Manager. You can also create AVDs 
using the command linę with the utility named android under the tools directory (e.g., 
m\android-sdk-windows\tools\). android allows you to create a new AVD and manage 
existing AVDs. For example, you can view existing AVDs, move AVDs, and so on by invoking 
android with the “avd” option. You can see the options available for using android by 
rurining android -help. For now, let’s just create an AVD.

Running on a Real Device
The best way to test an Android app is to run it on a real device. Any commercial Android 
device should work when connected to your Workstation, but you may need to do a little 
work to set it up. If you have a Mac, you don’t need to do anything except pług it in using 
toe USB cable. Then, on the device itself, choose Settings > Applications > Development 
(though this may vary by phone and version) and enable USB debugging. On Linux, you 
Probably need to create or modify this file: /etc/udev/rules.d/5i-android.rules. We put 
a copy of this file on our web site with the project files; copy it to the proper directory, and 
modify the username and group values appropriately for your machinę. Then, when you pług 
ln an Android device, it will be recognized. Next, enable USB debugging on the device.
Eor Windows, you have to deal with USB drivers. Google supplies some with the Android 
Packages, which are placed under the usb_driver subdirectory of the Android SDK 

lrectory. Other device vendors provide drivers for you, so look for them on their web sites. 
°u can also visit the XDA forums, forum.xda-developers.com, where advice on sourcing 

and configuring drivers for a variety of phones and devices is discussed. When you have the 
r|vers set up, enable USB debugging on the device, and you’re ready.

N°w that your device is connected to your Workstation, when you try to launch an app, 
either it launches directly on the device or (if you have an emulator running or other devices 

mched) a window opens in which you choose which device or emulator to launch into. If
Pet. try editing your Run Configuration to manually select the target.

Exploring the Structure of an Android Application 
^though the size and complexity of Android applications can vary greatly, their structures 
are similar. Figure 1-13 shows the structure of the “Hello World!” app you just built.

developers.com
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Figurę 1-13. The structure ofthe “Hello World!" application

Android applications have some artifacts that are required and some that are optional. 
Table 1-1 summarizes the elements of an Android application.

Table 1-1. The Artifacts of an Android Application

Artifact Description Reąuired?

AndroidManifest.xml The Android application descriptor file. This file defines the 
activities, content providers, sen/ices, and intent receivers 
of the application. You can also use this file to declaratively 
define permissions reąuired by the application, as well as 
instrumentation and testing options.

Yes

src A folder containing all of the source codę of the application. Yes
assets An arbitrary collection of folders and files. No
res A folder containing the resources of the application. This is the 

parent folder of drawable, animator, layout, menu, values, xml, 
and raw.

Yes

—
(continued)
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Table 1-1. (continued)

Artifact Description Reąuired?
drawable A folder containing the images or image-descriptor files used by 

the application.
No

animator A folder containing the XML-descriptor files that describe the 
animations used by the application.

No

layout A folder containing views of the application. No
menu A folder containing XML-descriptor files for menus in the 

application.
No

values A folder containing other resources used by the application. 
Examples of resources found in this folder include strings, 
arrays, styles, and colors.

No

xml A folder containing additional XML files used by the application. No
A folder containing additional data—possibly non-XML data— 
that is reguired by the application.

No

s you can see from Table 1-1, an Android application is primarily madę up of three 
Tandatory pieces: the application descriptor, a collection of various resources, and the 
aPplication’s source codę. If you put aside the AndroidManifest.xml file for a moment, you 
Can viaw an Android app in this simple way: you have some business logie implemented in 
Code> and everything else is a resource.
Android has also adopted the approach of defining views via markup in XML. You benefit 

Orn this approach because you don’t have to hard-code your application’s views; you can 
°dify the look and feel of the application by editing the markup.

's also worth noting a few constraints regarding resources. First, Android supports only 
S|ngle-level list of files within the predefined folders under res. For example, there are 
Te similarities between the assets folder and the raw folder under res. Both folders can 

°ntain raw files, but the files in raw are considered resources, and the files in assets are 
°t. So the files in raw are localized, accessible through resource IDs, and so on. But the 
ntents of the assets folder are considered general-purpose content to be used without 
source constraints and support. Notę that because the contents of the assets folder are 

(Oh Cons'dered resources, you can put an arbitrary hierarchy of folders and files in this folder.
Papier 3 talks a lot morę about resources.)
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Notę You may have noticed that XML is used quite heavily with Android. You know that XML can 
be a bloated data format, so does it make sense to rely on XML when you know your target is a 
device with limited resources? It turns out that the XML you create during development is actually 
compiled down to binary using the Android Asset Packaging Tool (AAPT). Therefore, when your 
application is installed on a device, the files on the device are stored as binary. When the file is 
needed at runtime, the file is read in its binary form and is not transformed back into XML. This 
gives you the benefits of both worlds—you get to work with XML, and you don’t have to worry 
about taking up valuable resources on the device.

Examining the Application Life Cycle
The life cycle of an Android application is strictly managed by the system, based on the 
user’s needs, available resources, and so on. A user may want to launch a web browser, 
for example, but the system ultimately decides whether to start the application. Although 
the system is the ultimate manager, it adheres to some defined and logical guidelines to 
determine whether an application can be loaded, paused, or stopped. If the user is currently 
working with an activity, the system gives high priority to that application. Conversely, if an 
activity is not visible and the system determines that an application must be shut down to 
free up resources, it shuts down the lower-priority application.

The concept of application life cycle is logical, but a fundamental aspect of Android 
applications complicates matters. Specifically, the Android application architecture is 
component- and integration-oriented. This allows a rich user experience, seamless reuse, 
and easy application integration but creates a complex task for the application life-cycle 
manager.

Let’s consider a typical scenario. A user is talking to someone on the phone and needs to 
open an e-mail message to answer a question. The user goes to the home screen, opens 
the mail application, opens the e-mail message, clicks a link in the e-mail, and answers 
the friend’s question by reading a stock quote from a web page. This scenario requires 
four applications: the home application, a talk application, an e-mail application, and a 
browser application. As the user navigates from one application to the next, the experience 
is seamless. In the background, however, the system is saving and restoring application 
State. For instance, when the user clicks the link in the e-mail message, the system saves 
metadata on the running e-mail message activity before starting the browser-application 
activity to launch a URL. In fact, the system saves metadata on any activity before starting 
another so that it can come back to the activity (when the user backtracks, for example). If 
memory becomes an issue, the system has to shut down a process running an activity and 
resume it as necessary.

Android is sensitive to the life cycle of an application and its components. Therefore, you 
need to understand and handle life-cycle events in order to build a stable application. 
The processes running your Android application and its components go through various 
life-cycle events, and Android provides callbacks that you can implement to handle State 
changes. For starters, you should become familiar with the various life-cycle callbacks for ah 
activity (see Listing 1-1).
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Listing 1 -1. Life-Cycle Methods of an ActMty
Protected 
Protected 
Protected 
protected 
Protected 
Protected 
Protected

void onCreate(Bundle saved!nstanceState);
void onStart();
void onRestart();
void onResume();
void onPause();
void onStop();
void onDestroy();

Listing 1-1 shows the list of life-cycle methods that Android calls during the life of an activity. 
iLs important to understand when each of the methods is called by the system in order to 
ensure that you implement a stable application. Notę that you do not need to react to all of 
these methods. If you do, however, be surę to cali the superclass versions as well. Figure 1-14 
shows the transitions between States.

figure 1-14. State transitions ofan activity

he system can start and stop your activities based on what else is happening. Android calls 
he onCreate() method when the activity is freshly created. onCreate() is always followed by 

a Call to onStart(), but onStart() is not always preceded by a cali to onCreate() because 
°nStart() can be called if your application was stopped. When onStart() is called, your 
ectivity is not visible to the user, but ifs about to be. onResume() is called after onStart(), 
JUst when the activity is in the foreground and accessible to the user. At this point, the user 
Cah interact with your activity.
^hen the user decides to move to another activity, the system calls your activity’s onPause() 
n n^hod. From onPause(), you can expect either onResume() or onStop() to be called. 
°nResume() is called, for example, if the user brings your activity back to the foreground. 
°nStop() is called if your activity becomes invisible to the user. If your activity is brought
ack to the foreground after a cali to onStop(), then onRestart() is called. If your activity sits 
n the activity stack but is not visible to the user, and the system decides to kill your activity, 

On^esLroy() is called.
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As a developer, you needrTt deal with every possible scenario; you mostly handle 
onCreate(), onResume(), and onPause(). You handle onCreate() to create the user interface 
for your activity. In this method, you bind data to your widgets and wire up any event 
handlers for your Ul components. In onPause(), you want to persist critical data to your 
application’s data storę: ifs the last safe method that is called before the system kills your 
application. onStopO and onDestroy() are not guaranteed to be called, so don’t rely on 
these methods for critical logie.

The takeaway from this discussion? The system manages your application, and it can start, 
stop, or resume an application component at any time. Although the system Controls your 
components, they don’t run in complete isolation with respect to your application. In other 
words, if the system starts an activity in your application, you can count on an application 
context in your activity.

Simple Debugging
The Android SDK includes a host of tools that you can use for debugging purposes. These 
tools are integrated with the Eclipse IDE (see Figurę 1-15 for a smali sample).

Figurę 1-15. Debugging tools that you can use while building Android applications

One of the tools that you use throughout Android development is LogCat. This tool displays 
the log messages you emit using android.util.Log, exceptions, System.out.println, 
and so on. Although System.out.println works, and the messages appear in the LogCat 
window, to log messages from your application you should use the android.util. Log class. 
This class defines the familiar informational, warning, and error methods that you can filter in 
the LogCat window to see just what you want to see. Here is a sample Log command:

Log.v("string TAG", "This is my verbose message to write to the log");

This example shows the static v() method of the Log class, but there are others for different 
levels of severity. Ifs best to use the appropriate cali level for the message you want to log, 
and it generally isn’t a good idea to leave a verbose cali in an app that you want to deploy to 
production. Keep in mind that logging uses memory and takes CPU resources.

Whafs particularly nice about LogCat is that you can view log messages when you’re 
running your application in the emulator, but you can also view log messages when you’ve 
connected a real device to your Workstation and ifs in debug modę. In fact, log messages 
are stored such that you can even retrieve the most recent messages from a device that was 
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disconnected when the log messages were recorded. When you connect a device to your 
Workstation and you have the LogCat view open, you see the last several hundred messages.

Launching the Emulator
Earlier you saw how to launch the emulator from your project in Eclipse. In most cases, you 
Want to launch the emulator first and then deploy and test your applications in a running 
®mulator. To launch an emulator any time, first go to the AVD Manager by running the 
ndroid program with the avd option from the tools directory of the Android SDK or from the 

Window menu in Eclipse. Once in the Manager, choose the desired AVD from the list, and 
click Start.
^hen you click the Start button, the Launch Options dialog opens (see Figure 1-16). This 
a °ws you to scalę the size of the emulator’s window to suit your display and change the 
startup and shutdown options. The scaling results can sometimes be unexpectedly large or 
S|Tall, so pick the value that works for you based on your screen size and screen density.

'9ure 1-jg 77,5 [_auncf1 Options dialog

u can also work with snapshots in the Launch Options dialog. Saving to a snapshot
are SeS a somewlnat longer delay when you exit the emulator. As the name suggests, you 

Writing out the current State of the emulator to a snapshot image file, which can then be 
a the next time you launch to avoid going through an entire Android bootup sequence.

WortCh'n9 9°es much faster if a snapshot is present, making the delay at save time well 
a it—you basically pick up where you left off.

Lg want to start completely fresh, you can choose Wipe User Data. You can also deselect 
nch from Snapshot to keep the user data and go through the bootup seguence. Or you
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can create a snapshot that you like and enable only the Launch from Snapshot option; this
reuses the snapshot over and over so your startup is fast and the shutdown is fast too,
because it doesn’t create a new snapshot image file every time it exits. The snapshot imag6
file is stored in the same directory as the rest of the AVD image files. If you didn’t enable
snapshots when you created the AVD, you can always edit the AVD and enable them there.

References
Here are some helpful references to topics you may wish to explore further:

■ : Samsung’s developer site, with many 
Android-related development tools.
http://developer.samsung.com/

■ : HTC site for Android developers.http://developer.htc.com/

■ : 
Developer documentation for the Android debugging tools.
http://developer.android.com/guide/developing/tools/index.html

■ : DroidDraw site. This is a Ul designer for Android 
applications that uses drag-and-drop to build layouts.
www.droiddraw.org/

Summary
This chapter covered the following topics to get you set up for Android development:

■ Downloading and installing the JDK, Eclipse or Android Studio, and the 
Android SDK

■ How to modify your PATH variable and launch a tools window

■ Installing and upgrading the ADT fundamental concepts of views, 
activities, fragments, intents, content providers, services, and the 
AndroidManifest.xml file

■ Android Virtual Devices (AVDs), which can be used to test apps when 
you don’t have a device (or the particular device you want to test with)

■ Building a “Hello World!” app and deploying it to an emulator

■ The basie requirements to initialize any application (project name, 
Android target, application name, package name, main activity, 
minimum SDK version)

■ Where the run configurations are and how to change them

■ Connecting a real device to your Workstation and running your new apps 
on it

■ The inner structure of an Android app, and the life cycle of an activity

■ LogCat, and where to look for the internal messages from apps

■ Options available when launching an emulator, such as snapshots and 
adjusting the screen display size

http://developer.samsung.com/
http://developer.htc.com/
http://developer.android.com/guide/developing/tools/index.html
http://www.droiddraw.org/
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^°es Ąnc| e aPP? H°w can I reach out and read from or write to the web? What other APls 
Wu.!. r°ld Provide to make my app functional and rich?

thout fUr+h
World of Ąnd^ d^°’ 'et’S drop y°U 'nt°tbe s’mb'e calculator application to open up the

29
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Exploring a Simple Android Application
The calculator application we want to demonstrate for this chapter is shown in Figure 2-1.

____________________________“ * 9:43
A Demo Calculator

Figure 2-1. A Calculator App

Display in Figure 2-1 is called an activity in Android. This activity has two edit Controls at 
the top representing two numbers. You can enter numbers in these edit boxes and use the 
operator buttons at the bottom of the figure to perform arithmetical operations. The result 
an operation will be shown in the top edit control. These two edit boxes are labeled Operand 
and Operand 2. To create this type of a calculator application using the Android SDK, you 
need to perform the following steps: •

1. Create a User Interface (Ul) definition in a text/xml file (called a layout 
or a layout file in Android).

2. Write programming logie in a Java file (usually in a class extending 
the base activity class).

3. Create a configuration file describing your application (this file is 
always called AndroidManifest.xml).

4. Create a project and a directory structure to place the files from 
steps 1,2, and 3.

5. Build a deployable package using the project in step 4 (it is called an 
.apk file).

By going through the details of these steps you will get a feel for how Android application5 
are madę. We will go through these steps now.
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Defining Ul through Layout Files
^Android application resembles a web application in lots of ways. In a web application the 
ser'S Web Pa9e- Ul of a web page is defined through HTML. An HTML web page is a 
AncfS °f contr°ls like paragraphs, divisions, forms, buttons, etc. L)l is constructed similarly in 
And A 'ay°ut file in Android is like an HTML page, albeit the Controls are drawn from the 
the |r°'d instead of HTML. In Android this file is called a layout file. Listing 2-1 shows

ayout file that produced the Ul of Figurę 2-1.

tin9 2-1. An Android Layout File that Defines Ul for an Activity

<iversion="i.o" encoding="utf-8"?>
********* ************************************
* S^^ayout^mi
* prefeSP°ndin8 activity: CalculatorMainActivity.java
* ' C-L (Used for prefixing unique identifiers)
* Use: %
* ^em°nstrate a simple calculator
********°*Strafe ^e^t views, edit text, buttons, business logie
_ *********************************** 
<Linana^^”4 ^Rssandroid^https/Zschemas.android.com/apk/res/android"

aJ^-orientation="verticar
andr°^'lay°ut-width="match_parent" android:layout_height="match_parent 
and^Uayoutjnargin^sdp" android:padding="5dp"
> 01 -background="@android:color/darker_gray"

<T" Operand i -->
eXaVaeW android! layout_width="match_parent" 

n r°id:layout_height="wrap_content" 
r°id:text="Operand 1, (And Result)"

android!layo,,t_width="match parent" android:layout height="wrap content" 
android:id="@+id/editTextl" andróid:text="O"

<i. n.ro^::’-nPu'tType="numberDecimal"/>
<Te ;Perand 2 -->

eXa!r android « layout_width="match parent"
™roid:layout_height="wrap content" 

android:text=..0perand 2..
/"droid:layOut_marginTop=,,10dp"

<EdaMaXt?ndroid:lay°ut-«dth="match_Parent''

anHv°\:lay°ut__height="wrap content"android:text=..o„
ddr°id:id="@+id/editText2"

^EditTeKt^P^yP6^'0^610^^

https/Zschemas.android.com/apk/res/android
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<!-- Buttons for Various Operators -->
<TextView android:layout_width=,,match_parent"

android: layout_height=''wrap_content"
android:text="Operandl = Operandl Operator 0perand2" 
android:layout_marginTop="10dp" 
/>

<LinearLayout
android:orientation="horizontal"
android:layout_marginTop="10dp"
android:layout_width="match_parent"
android:layout_height="wrap_content">
<Button android:text="+" android:id="@+id/plusButton"

android:layout_weight="l"
android:layout_width="wrap_content"
android:layout_height="wrap_content">

</Button>
<Button android:text="-" android:id="g+id/minusButton"

android:layout_weight="l"
android:layout_width="wrap_content"
android:layout_height="wrap_content">

</Button>
<Button android:text=''*" android:id="g+id/multiplyButton"

android:layout_weight="l"
android:layout_width="wrap_content"
android:layout_height="wrap_content">

</Button>
<Button android:text='7" android:id="@+id/divideButton"

android:layout_weight="l"
android:layout_width="wrap_content"
android:layout_height="wrap_content">

</Button>
</LinearLayout>
</LinearLayout>

Let’s go through this calculator XML layout file of Listing 2-1 linę by linę. This file looks 
complicated compared to Figure 2-1. Yes, it is verbose, but you will see shortly it is simp|e 
its architecture.

Specifying Comments in Layout Files
As a good practice the comments at the top of the layout XML file in Listing 2-1 indicate 
what this file name is, what Ul activity will be used to display this file, what the purpose ot 
this file is, and briefly what Controls are in this layout file.

Adding Views and View Groups in Layout Files
Each XML node in a layout file represents a Ul control. These Controls can be either views 
or containers of other views. A Container of other views is called a ViewGroup. For examp ’ 
a button is a view. A LinearLayout in Listing 2-1 is a ViewGroup that places all its child vie 
either vertically down or horizontally across. So, a LinearLayout is like an HTML div that 
out its children either across or down.
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Specifying Control Properties in Layout Files
bu+t^1 contr°ls 'n the calculator layout file are LinearLayout, TextView, EditText, and a 
an k °f these Controls represents a Java object when painted on the screen. Being 
SDi< Ct’ eacb of these Controls has properties. If the Controls belong to the core Android 

> their properties are prefixed with "android:" as in "android:orientation" for the
a earl-ayout control. The majority, if not all, of the Controls that you normally use in your 
cu t are fr°m tbe core Android SDK. When you write your own Controls they are called 

om Controls. These custom Controls allow you to define custom properties. See the 
admap” section of this chapter for morę on custom Controls.

^dicating ViewGroup Properties
^id+h °f U"16 control properties are labeled as "android:layout_," such as android:layout_ 
read ^ese ProPerties, although mentioned in a given XML node, like a button, are 
are vand Used by Parent node, like LinearLayout, to place the children. Parent nodes 
mar eW 9rouPs ''ke the LinearLayout. You can see this difference in how padding and 
pronlnS are defined for the first LinearLayout node in the layout file of listing 2-1. The 
the r>e y Padding belongs to the topmost LinearLayout object in this example, whereas 
belon0!36^ ^°r marg'ns °f that same topmost LinearLayout, the layout_margin property, 
Andr t0 tbe Parer|t °f the LinearLayout, which is an implicit view group provided by the 
andr 'afrarnework- So for padding you say android:padding, and for margins you say 
Wha°ld:''’ayou1:-niargin- Notice the presence or lack of "layout_" prefix. If you want to know 
a set Px°ped'es an object (or control) supports, you can use Ctrl-Space in eclipse to see 
envim Sug9esti°ns for the properties for that object. Depending on your development 

nrnent you can easily find an equivalent set of key combinations to do the same.

^°ntrolling Width and Height of a Control
of a c en'used properties for a control are its layout width and layout height. The layout parent 
wrap c ro1 manages these values. Values for these properties are typically match_parent and 
contro^e^- y0U say y°ur TextView 's set to match_parent for its width, the width of the 

its??atCheS up with the Parent width. When a TextView is set for its height wrap_content, 
these tw w'" be iust sufficient to contain all its text in the vertical direction. Of course, 
TheSe t ° Properties are available to all child Controls of a layout, not just the text control.
of a coritro|ayOIJt contro1 Properties, match_parent and wrap_content, also apply to the height

^roducing Resources and Backgrounds
to introdi We are 'n tbe m'ddle of explaining the Controls in the layout file, this is a good place 
layout fi|e $ resources. Layout files are, and are madę up of, resources. In the calculator 
root Line ’ Ye have set the background of the entire view by setting the background on the 

arLayout control. This instruction looked like the following:

background="@android:color/darker_gray"
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Every view or control in Android supports the background property. Backgrounds are usually 
identified as resources. In this example, the background is pointing to a resource, coming 
from the Android package, which is of type color whose referenced value is darker gray.

A number of inputs to your application are represented as resources in Android. Some 
example resources are image files, entire layout files, colors, strings, XML files, menus, and 
many other things as listed in the Android SDK. For instance, the entire calculator layout file 
we are talking about is itself a resource.

As you can see from the calculator layout file, resources are of different types. In Android 
they are further broadly classified as “value based” or “file based.” Examples of resources 
that are values are strings and colors. Examples of resources that are files are images or 
layout files. Listing 2-2 shows an example of creating value-based resources that are strings 
and colors.

Listing 2-2. Example of Value-Based Resources
<?xml version=“l.O" encoding="utf-8"?>
<!-- this file will be in /res/values subdirectory --> 
<resources>

<string name="hello">Hello World, CalculatorMainActivity!</string>
<string name="app_name">A Demo Calculator</string>
<color name="red">#FFOOOO</color>
<color name="blue">#OOOOFF</color>

</resources>

You can have any number of value-based files as long as they are all under the /res/values 
subdirectory. Each file will start with the resources root node. You can use Ctrl-Space to 
discover what other possible value-based resources are available.

Turning to file-based resources, Listing 2-3 shows an example of placing a number of 
file-based resources under their respective resource subdirectories.

Listing 2-3. Example of File-Based Resources
/res/layout/pagel_layout.xml (A layout file for say page 1) 
/res/drawable/pagel_background.jpg (An example image file) 
/res/drawable-hdpi/pagel_background.jpg (Same image file for a different density) 
/res/xml/some_preferences.xml (example of an input file for your app)

Any of these resources, be it file based or value based, can be referenced in the layout 
files using the resource reference syntax. For example, in the calculator layout file in 
Listing 2-1 the background can be set literally and explicitly as a color value between the quotes, 
such as "#FFFFFF," or point to a resource reference (indicated by a starting @color/red) that 
is already defined as a color resource (as in Listing 2-2). In this syntax led by the type 
of referenced resource is “color.” Some of the key words for other types of resources are 
string (for strings), drawable (for images), etc.

In Listing 2-1, the way to read the value of the background property of the LinearLayout, 
namely, @android:color/darker_gray, is as follows: Use the value of the resource identified 
as darker_gray in the Android core framework and whose resource type is color. With 
this knowledge of resource reference syntax, take a look at the calculator layout file listing
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one more time and you will be able to read it where each control has properties and 
each property has a value that is either directly specified or references a resource that is 
elsewhere defined in a resource file.

The indirection of a control property value defined as a resource reference has an advantage. 
A resource can be customized for languages, device density variation, and a variety of 
factors without altering the compiled Java source codę. For example when you supply 
background images you can place a number of these images in different directories and 
name them using the convention specified by Android. Then Android knows how to locate 
the right image, given its name, depending on the device your app is running on.

Working with Text Controls in the Layout File
In the calculator layout example we have used two text-based Controls. One is a TextView 
control, which is used as a label; the other is an EditText control, which is used for taking 
Input text. We have already shown you how to set the width and height of any view by using 
the attributes that start with “layout_”. Every text-based control also has an attribute called 
text. In our examples we have directly specified the literał text as a value for this property. 
The recommendation is to use instead a resource reference. For example:

android:text="Literał text" //what we did for clarity 
or
android:text="@string/LiteralTextId" //doing it properly

The latter resource ID, LiteralTextId, then can be defined in a file in the /res/values 
subdirectory much like in Listing 2-2.

EditText control in the calculator layout has an attribute inputType to provide the necessary 
constraints and validations that need to take place when data is typed into the editable 
field. Refer to the documentation to see a large number of constraints that are available for 
editable fields. Alternatively, you can use eclipse ADT to discover the available input types 
°n the fly during coding.

Working with Autogenerated IDs for Controls
To manipulate the Controls that are in the calculator layout of Listing 2-1, we need a way to 
turn them into Java objects. This is done by locating these Controls using a unique ID in the 
currently loaded layout file of an activity. Lets look at one example in the layout file where an 
EditText control is given an ID of editText2 as follows:

android:id="@+id/editText2"

This format tells Android that ID of this EditText control is a resource of type ID and its 
lnte9er value should be known in Java as editText2. The + is a convenience to allocate a 
new unique integer for editText2. If you don’t have the + sign, then Android looks for an 
lnteger-valued resource defined with an ID that is called editText2. With the convenience of 
+ we can avoid separately defining a resource first and then use it. In some cases, you may 

ave a need for a well-known ID that is shared by multiple pieces of codę, in which case you 
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will remove the + and take the multiple steps of defining the ID first and then using its name 
in multiple places. You will see in the programming logie section (soon to follow) how these 
control IDs are used to locate the Controls and manipulate them.

Implementing Programming Logic
To see the calculator layout on the screen of your device, you need a Java class derived 
from the Android SDKs class activity. Such an activity represents a window in your 
mobile application. So you need to craft a calculator activity by extending the Android base 
activity class as shown in Listing 2-4.

Listing 2-4. Programming Logic: Implementing an Activity Class
/**

* Activity name: CalculatorMainActivity
* Layout file: calculator_layout.xml
* Layout shortcut prefix for ids: cl_
* Menu file: nonę
* Purpose and Logic
* ******************
* 1. Demonstrate business logie for a simple calculator
* 2. Load the calculator_layout.xml as layout
* 3. Setup button callbacks
* 4. Respond to button clicks
* 5. Read values from edit text Controls
* 6. Perform operation and update result edit control
*/

public class CalculatorMainActivity extends Activity
implements OnClickListener
{

private EditText numberlEditText;
private EditText number2EditText;

/** Called when the activity is first created. */
@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.calculator_layout);
gatherControls();
setupButtons();

}
private void gatherControls() {

numberlEditText = (EditText)this.findViewById(R.id.editTextl);
number2EditText = (EditText)this.findViewById(R.id.editText2);
number2EditText.requestFocus();

}
private void setupButtons() {

Button b = (Button)this.findViewById(R.id.plusButton);
b.setOnClickListener(this);

b = (Button)this.findViewById(R.id.minusButton);
b.setOnClickListener(this);
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b = (Button)this.findViewById(R.id.multiplyButton); 
b.setOnClickListener(this);

b = (Button)this.findViewById(R.id.divideButton); 
b.setOnClickListener(this);

}
@0verride
public void onClick(View v) {

String sNuml = numberlEditText.getText().toString();
String sNum2 = number2EditText.getText().toString();
double numl = getDouble(sNuml);
double num2 = getDouble(sNum2);
Button b = (Button)v;

double value = 0;
if (b.getld() == R.id.plusButton) { 

value = plus(numl, num2);
}
else if (b.getld() == R.id.minusButton) { 

value = minus(numl, num2);
}
else if (b.getld() == R.id.multiplyButton) { 

value = multiply(numl, num2);
}
else if (b.getld() == R.id.divideButton) { 

value = divide(numl, num2);
}
numberlEditText.setText(Double.toString(value));

priwate double plus(double nl, double n2) {
return nl + n2;

}
priwate double minus(double nl, double n2) {

return nl - n2;
} .
priwate double multiply(double nl, double n2) {

return nl * n2;
} .
priwate double diwide(double nl, double n2) {

if (n2 == 0) {
return 0;

}
return nl / n2;

}
priwate double getDouble(String s) {

if (validString(s)) {
return Double.parseDouble(s);

}
return 0:

}
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private boolean invalidString(String s) { 
return !validString(s);

}
private boolean validString(String s) {

if (s == nuli) { 
return false;

}
if (s.trim().equalsIgnoreCase("")) { 

return false;
}
return true;

}

In this listing, the calculator activity is called CalculatorMainActivity. Once you have this 
activity, you can load the calculator layout into it in order to see the calculator screen of 
Figurę 2-1.

Lets learn a bit about an activity in Android. A programmer does not need to instantiate an 
activity directly. An activity can be instantiated by the Android framework based on user’s 
actions. In that sense, an activity is a “managed component” managed by Android.

An activity can get partially hidden or completely hidden when another Ul with higher priority 
sits on top of it (for example, due to a phone cali). Or, an activity that is in the background 
can be temporarily removed due to memory constraint. In these circumstances, the activity 
can be automatically brought back when a user revisits the application.

Loading the Layout File into an ActMty
As the activity is event driven, an activity relies on callbacks. The first callback of importance 
is the onCreate() callback. In the calculator activity given in Listing 2-4, you can easily locate 
this method. This is where we will load the calculator layout into the calculator activity. This 
is done through the method setContentView(). The input to this method is an identifier for 
the calculator layout file.

A nice feature of Android is what it does with the various resources including the layout files. 
It autogenerates a java class called R.java where it defines integer IDs for all the 
resources be they value based or file based. In the activity given in Listing 2-4, the variable 
R.layout.calculator_layout points to the calculator layout file (which itself is in Listing 2-1).

When you are dipping your toes into the Android framework, the other mysterious thing 
in onCreate() is the savedInstanceBundle. As the Android framework may stop and 
restart (even re-create) activities, it needs a way to pass the last state of the activity to the 
onCreate() method. That is what the saved!nstanceBundle is. It is a collection of key value 
pairs holding the previous state of the activity. You will learn about this aspect of State 
management in more detail later in the chapter, and also in Chapter 9, where we cover what 
happens when a device is rotated. For the implementation of the calculator example we 
simply cali the super class’s method to pass on that state bundle.
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Gathering Controls
The next two methods, gatherControls() and setupButtons(), set up the interaction model 
for the calculator. In the gatherControls() method you obtain java references for the edit 
Controls that you need to manipulate (read or write to) and save them locally in the calculator 
activity class. You do this by using the findViewBy!d() method on the base activity class. 
The findViewBy!d() method takes as input the ID of the control that is in the layout file. Here 
also Android autogenerates these IDs and places them into the R.java class. In your eclipse 
Project you can see this file in the /gen subdirectory. Listing 2-5 shows the generated R. java 
file for this calculator project. (If you were to try this project yourself, these IDs may differ. So 
use this listing primarily to understand concepts.)

Listing 2-5. Autogenerated Resource IDs: R.java
Public finał class R {

public static finał class attr {
}
public static finał class drawable {

public static finał int background=0x7f020000;
public static finał int icon=0x7f020001;

}
public static finał class id {

public static finał int divideButton=Ox7fO5OOO5;
public static finał int editTextl=Ox7fO5OOOO;
public static finał int editText2=Ox7fO5OOOl;
public static finał int minusButton=Ox7f050003;
public static finał int multiplyButton=0x7f050004;
public static finał int plusButton=0x7f050002;

public static finał class layout {
public static finał int calculator_layout=0x7f030000;

public static finał class string {
public static finał int app_name=0x7f040001;
public static finał int hello=0x7f040000;

Notice how R.java uses a different class prefixfor each resource type. This allows the 
Programmer in eclipse to quickly separate the IDs by what their type is. So, for example, all IDs 
for layout files are prefixed with R.layout, and all image IDs are prefixed with R.drawable, and 
a|l strings with R.string, etc. However, there is a caution while working these IDs. Even if you 
have ten layout files the IDs for all the Controls are generated into a single namespace such as 
H.id.‘ (where “id” is an example of a resource type). So you may want to get into the habit of 
naming Controls in the layout files with some prefix indicating which layout files they belong to.
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Setting Up Buttons
Some of the Controls in the calculator layout of Listing 2-1 are the calculator buttons. They 
are the buttons representing operators: x, and /. We need codę to be invoked when 
these buttons are pressed. The way to do that is by registering a callback object on the 
button Controls. These callback objects must implement the View.OnClickListener interface. 
The calculator activity in addition to extending the activity class also implements the 
View.OnClickListener interface, allowing us to register our activity as the one that needs 
to be called back when each button is pressed. As you can see in the codę of the activity 
(Listing 2-4), this is done by calling the setOnClickListener on each button.

Responding to Button Clicks: Tying It All Together
When any of the operator buttons is clicked, the onClick() method in the calculator activity 
given in Listing 2-4 gets called. In this method we will investigate the ID of the view that 
called back. This calling view should be one of the buttons. In this method we will read the 
values from both the EditText Controls (the operand values) and then invoke a method that 
is specific to each operator. The operator method will calculate the result and update the 
EditText, which is labeled Result.

Updating the AndroidManifest.XML
So far we have the Ul (in terms of the layout file) and we have the business logie in terms of 
the calculator activity. Every Android app must have its configuration file. This file is called 
the AndroidManifest.xml. This is available in the root directory of the project. Listing 2-6 
shows the AndroidManifest.xml for this project.

Listing 2-6. Application Configuration File: AndroidManifest.xml
<?xml version="1.0" encoding="utf-8"?>
cmanifest xmlns:android="http://schemas.android.com/apk/res/android"

package="com.androidbook.calculator"
android:versionCode="l"
android:versionName="1.0">

<uses-sdk android:minSdkVersion="14" />
<application android:icon="@drawable/icon" android:label="gstring/app_name”>

<activity android:name=".CalculatorMainActivity"
android:theme="@android:style/Theme.Light"

android:label="@string/app_name">
<intent-filter>

caction android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" /> 

</intent-filter>
</activity>

</application>
</manifest>

http://schemas.android.com/apk/res/android
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The package attribute of this manifest file follows a naming structure similar to the java 
namespaces. In the calculator app, the package is set to com.androidbook.calculator. This 
is like giving a name and a unigue identifier to your app. Once you sign this app and install it 
on an app publisher like the Google Play Storę, only you will be able to update it or release 
subsequent versions of it. The uses-sdk directive indicates the API for which this app is 
backward compatible. The application node has a number of properties including its label 
and an icon that will show up in the Android device apps menu. Inside an application node 
we need to define all of the activities that make up this application. Each activity is identified 
by its respective java classname. If the activity classname is not fully qualified, then the java 
package is assumed to be the same as the application package identified. Theme for the 
activity indicates a set of properties that the views belonging to that activity will inherit. It is 
like setting a CSS style on the HTML Ul. Android comes with a few default styles. Choosing 
a light theme is good for contrast while taking screen shots (as shown in Figurę 2-1). 
Chapter 7 is dedicated to using styles and themes in your apps.

In the Android application manifest file an activity can specify a series of intent filters. Intent 
is a programming concept that is unique to Android. Android relies heavily on these intents. 
Android uses intent objects to invoke application components including activities. An intent 
object can contain an explicit activity classname so that when you invoke that intent you end 
up invoking the activity. Or instead of having an explicit classname, an intent can indicate a 
generic action like VIEW to view a web page. When you invoke such an intent with a generic 
action Android will present all possible activities that can satisfy that action. Activities 
register with Android through the manifest file that they can respond to some actions 
through an intent filter. Listing 2-7 shows how you can invoke an activity through an intent 
object.

Listing 2-7. Using an Intent Object to lnvoke an Activity
//currentActivity refers to the activity in which this codę runs 
Intent i = new Intent(currentActivity,SomeTargetActivity.class); 
currentActivity.startActivity(i); //start the target activity

Although we used currentActivity as the value of the first argument to create an intent, 
all it needs is a base class reference called Context. A context reference represents the 
application context in which a component like an activity runs. Coming back to the intent 
object, it has a number of flags and extra data elements that you can use to control the 
behavior of the target activity that the intent is invoking. Listing 2-8 shows an example.

Listing 2-8. Using Extras on an Intent Object

//currentActwity refers to the activity in which this codę runs
Intent intent = new Intent(currentActivity,SomeTargetActivity.class);
intent.setFlags(Intent.FLAG_ACTIVITY_CLEAR_TOP

| Intent.FLAG_ACTIVITY_SINGLE_TOP);
intent.putExtra("some-key", "some-value");
currentActivity.startActivity(intent);
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In this example, we want the target activity to be brought to the top of the window or activity 
stack and close any other activities that were on top of it before. As one invokes activities from 
other activities they sit on top of each other. This stack allows the back button to navigate 
back to the previous activity in the stack. When you go back, the current top activity is finished 
and the previous activity is shown in the foreground. The codę in Listing 2-8 is like going back 
to the last position of the target activity, making that the top instance, and removing/finishing 
all recent activities above that. Extras on intent are a set of key value pairs that you can pass 
to the target activity from the source activity. Activities are pretty isolated from each other. 
They don’t share their local variables between each other. Instead, they should pass their data 
through objects that can be serialized and deserialized. Android uses an interface similar to 
Serializable called Parcelable that allows greater flexibility and efficiency.

Ultimately, every activity is almost always started by an intent object. You can get the intent 
object anywhere in your target activity by calling getlntent(). Once you get the intent 
object, you can get its extras and see if there is any pertinent data that you need.

Complete study of intents and their variations is a large topie. We will return to talk more 
about intents later in this chapter after concluding our discussion on the calculator app. 
We have also included a URL for the free dedicated chapter on intents from our previous 
editions at the end of this chapter.

Placing the Files in the Android Project
Let’s return to our main linę of thought, the calculator app. By now you have the three files 
you need to create the calculator application. Use what you have learned in the first chapter 
to create an empty Android project and adjust that project to place these three files. These 
files are given in Listing 2-9 along with their parent directories.

Listing 2-9. Placement of Files for the Calculator App
/res/layout/calculator_layout.xml
/src/com/androidbook/calculator/CalculatorActivity.java
/AndroidManifest.xml

Figure 2-2 shows the structure of your Android project in eclipse. You can see the relative 
locations of the files of Listing 2-9.
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j Calculator3

4 j $ src

4 JB com.ai.teach.calculator
[> JJ) CalculatorMainActivity.java

t> gen [Generated Java Files]

0 Android 4.0

t> & Android Dependencies
& assets

t> & bin

4 res
j drawable

background.jpg

t> & drawable-hdpi

t> & drawable-ldpi

O drawable-mdpi

j layout

calculator_layout.xml

4 & values
jaj strings.xml

kii AndroidManifest.xml

(Bi proguard.cfg

|B| project.properties

Figure 2-2. A calculator app directory structure

The directory structure in Figure 2-1 also shows you where other resources like images and 
strings are placed. You can also see the directory structure for the device-dependent image 
Ties in Figure 2-2. This is how Android solves the localization multilingual support as well by 
using different resource subdirectory suffixes. You will learn about the other subdirectories of 
an Android project as you go through this book.
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Testing the Calculator App on a Real Device
All that is left now is to build the APK file, sign it, and be ready to deploy. The simplest 
way to test your project is to have eclipse deploy the APK to the emulator and test it. The 
simplest way to test this file (once it is signed) on a device is to e-mail it to yourself and 
open the e-mail on your device. There is a security setting on the device to allow APKs from 
unverified sources. As long as this is allowed, you will be able to install the APK file and run it 
on your device. Or you can also connect the device to the USB port and have eclipse deploy 
the APK directly to the device. You can even debug it on the device through eclipse. You can 
also copy the APK file from your PC or Mac to the device SD card and install it from there.

This concludes our section on the calculator app, which illustrated the naturę of Android 
apps. We will move to the second section of the chapter now where we will talk about 
activities in a lot more depth and also revisit resources, intents, and saving state. Let’s start 
with activities.

Android Activity Life Cycle
An Android activity is a self-standing component of an Android application that can be 
started, stopped, paused, restarted, or reclaimed depending on various events including 
user-initiated and system-initiated ones. So it is really important to review the architecture 
of the life cycle of an activity by looking at all of its callbacks. Figurę 2-3 shows the life cycle 
of an activity by documenting the order of its callbacks and the circumstances under which 
those callbacks are executed. Let’s consider these callback methods one by one.
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Figure 2-3. Annotated Android activity life cycle
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void onCreate(Bundle savedlnstanceState)
The activity’s life cycle starts with this method. In this method you should load your view 
hierarchies by loading the layouts into the content view of the activity. You also initialize any 
activity level variables that may be used during the lifetime of the activity. Like many of the 
callbacks you also cali the parents onCreate() method first.

When onCreate is called, an activity may be in one of three States. The activity may have 
been a brand-new activity starting out its life for the first time. Or it may be an activity that 
is automatically restarted because of a configuration change such a device rotating from 
one orientation to another. Or it is an activity that is restarted following a previous process 
shutdown due to low-memory conditions and being in the background. In the onCreate 
callback, you should take these scenarios into account if what you need to do in each 
scenario is different.

Now we can understand the argument to this method involving the saved!nstanceBundle. 
You can use this bundle to look into the previous State of the activity. This bundle may have 
been originally used to save the State of the activity during a configuration change or when 
the activity and its process shut down due to low-memory conditions. The state that is saved 
into this bundle argument is usually called the instance state of the activity. The instance 
state is somewhat temporary in naturę; specifically, it is tied to this instance of the application 
during this invocation. This type of state is not expected to be written to permanent storage 
like files. The user will not be too disconcerted if this State is to revert to an initial state when 
the application is revived. In the callback we will explain soon called onPause() you can 
save the state that must be persisted to long-term storage. If that happens, you can use the 
onCreate() method to load that state as well as part of the start-up.

There is another consideration that this method can take into account. When an activity 
is restarted or re-created because of an orientation change, the old activity is destroyed 
and a new activity is created in its place. This means the new activity has a new reference 
in memory. The old activity reference is no longer valid. It would be wrong to have an 
external thread or a global object that is holding onto the old activity. So there needs to 
be a mechanism when the activity is re-created to tell the external object that there is a 
new activity reference. To do that, the re-created activity needs to know the reference of 
that external object. This external object reference is called “non-configuration instance 
reference.” There is a callback method called onRetainNonConfigurationInstance() that can 
return a reference to this external object; we shall cover this shortly. Android SDK then keeps 
this reference and makes it available to the re-created activity through a method called 
getLastNonConfigurationInstance(). Notę that in Chapter 8, we will show you how to do 
this better through what are called headless retained fragments. We will return to this topie 
also in Chapter 15 on AsyncTask.

There is another nuance to the onCreate method. You may want to ensure that in the layouts 
you have right views and fragments (which you will learn in Chapter 8) to match when the 
state was saved. Because a subsequent onRestore!nstanceState() (which is called after 
onStart()) assumes that all the view and fragment hierarchies are present to restore their 
respective States, the mere presence of the previous state will not re-create the views. So it 
is up to this method to load the right layouts to be shown. This is usually not an issue if you 
don’t delete or add views during the interaction with the activity.
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void on Start()
After being created, this method pushes the activity into a visible state. In other words 
this method starts the “visible life cycle” of the activity. This method is called right after 
onCreate(). This method assumes that the view hierarchies are loaded and available from 
the onCreate(). You normally don’t need to do override this method and if you do, make 
surę you cali the parent’s onStart() first. In Figure 2-2 notę that this method can also be 
called from another callback called onRestart.
You must be aware that the onRestorelnstanceState method is called after this method. 
So you shouldn’t make assumptions about the state of the views in this method. So try not 
to manipulate the State of the views in this method. Do that refinement in the subsequent 
onRestorelnstanceState or the onResume method. Because this is a counterpart of the 
onStopO, do the reverse should you have stopped something in onStopO or in onPause(). 
If you see something is being done in this method, look at it with caution and make surę it 
is what you want. Also know that the start-and-stop cycle can happen multiple times during 
the overall current cycle of the activity.

This method can also be called when the activity is shown after being hidden first, because 
another activity has come to the top of the visibility stack. In those cases this method is 
called after the onRestart(), which itself is triggered after the onStopO. So there are two 
Paths into this method: either onCreate() or onRestart(). In both cases the view hierarchies 
are expected to be established and available prior to this callback.

void onRestorelnstanceState(Bundle savedlnstanceState)
an activity is to be legitimately closed by a user, then the state that user is willing to 

jscard is the instance state. For example, when the user chooses a back button, then 
e/she is informing Android that he/she no longer is interested in this activity and that 
eactivity can be closed, discarding all its state that is not yet saved. So this State, 

which is transitory and only valid for the life of the activity while it is in memory, is the 
'nstance state.

system choses to close the activity, because there is a change in orientation, then the 
^ser will expect that transitory (instance) state right back when the activity is restarted. To 
acilitate this, Android calls this onRestorelnstanceState method with a bundle that contains 

e saved instance state. (See the onSaved!nstanceState method explanation.)
।

contrast to instance state, the persistent state of an activity is something the user 
^ects to see even after the activity finishes and is no longer in play. This persistence 

a e ^ay have been created during the activity or may even exist before the activity is 
aated. This type of state, especially when it is created with the help of the activity, must 

exN,X^'^^ saved to an external persistent storę like a file. If the activity doesn’t use an 
SU^JC^ save” button for such needs, then the “onPause” method needs to be used to save 
beC '^P^it Persistent States. This is because no method after onPause is guaranteed to 

ca ed in case of low-memory conditions. You shouldn’t rely on the instance state if the 
1T°rmation is too important to lose.
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void onResume()
The callback method onResume is the precursor to having the activity fully visible. This is 
also the start of the foreground cycle for the activity. In this foreground cycle the activity can 
move between onResume() and onPause() multiple times as other activities, notifications, or 
dialogs with more urgency come on top and go.

By the time this method is called, we can expect the views and their State fully restored. 
You can take this opportunity to tweak finał State changes. As this method doesn’t have 
a bundle, you need to rely on the information from onCreate or onRestorelnstanceState 
methods to fine-tune State if further needed.

If you had stopped any counters or animations during onPause you can restart them here. 
You can also keep track of the case if the views are really destroyed or not by following the 
previous callback methods (whether onResume is a result of onCreate, onRestart, or onPause) 
and do the minimum possible to adjust the view state. Typically you will not do state 
management here but only those tasks that need to be turned on or off based on visibility.

void onPause()
This callback indicates that the activity is about to go into background. You should stop 
any counters or animations that were running when the activity was fully visible. The activity 
may go to onResume or proceed to onStop. Going to onResume will bring the activity to the 
foreground. Going to onStop will take the activity into a background state.

As per the SDK, it is also the last method that is guaranteed to be called before the activity 
and the process is completely reclaimed. So it is the last opportunity that a developer has to 
save any non-instance and persistent data to a file.

Android SDK also waits for this method to return before making the foreground activity fully 
active. So you want to be brief in this method. Also notice that this method has no bundle 
that is passed. This is an indication that this method is for storing persistent data and also in 
an external storage medium such as a file or a network.

You can also use this method to stop any counters, animations, or status displays of a 
background task. You can resume them in onResume.

void onStop()
The callback method onStop() moves the activity from partially visible to the background 
state while keeping all of the view hierarchies intact. This is the counterpart of onStart. 
The activity can be taken back to the visible cycle by calling onStart. This state transition 
of going from onStop to onStart during the same activity life cycle goes through the 
onRestart() method.

After this cali, the activity is no longer visible. But keep in mind that this may not be called 
after onPause under low-memory conditions. Because of this uncertainty do not use this 
method to start or stop sen/ices that are outside of this process. Do that in onPause instead 
and resume them in onResume. However, you can use this method to control sen/ices or work
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that is inside your process. This is because, as long as the process is active, this method is 
going to get called. If the whole process is taken down then those dependent tasks or global 
variables will go away anyway.

void onSavelnstanceState(Bundle saveStateBundle)
The control goes to onDestroy() coming out of onStop if the process is still in memory. 
However, if Android realizes that activity is being closed without the user’s expectation then 
it would cali the onSaveInstanceState() before calling onDestroy(). Orientation change is a 
very concrete example of this. The SDK wams that the timing of onSaveInstanceState() is 
not predictable whether before or after onStop().

The default implementation of this method already saves the state of views. However if there 
is some explicit state that is not known to the views you need to save it in the bundle object 
and retrieve it back in the onRestorelnstanceState method. You do need to cali the parenfs 
onSaveInstanceState() method first so that views have an opportunity to save their state 
themselves. There are some restrictions and rules for the views to be able to save their state. 
The chapters on Ul Controls (Chapters 3, 4, and 5) and configuration change (Chapter 9) go 
into more detail on this subject.

void onRestart()
This method is called when the activity transitions from background state to partially visible 
State, i.e., going from onStop to onStart. You can use this knowledge in onStart if you want 
to optimize codę there based on whether it is a fresh start or a restart. When it is a restart 
the view and their State are fairly intact.

You can do things in this method that would have been done in onStart, but optimized when 
the activity is not visible, but too expensive to be done multiple times in onResume.

Object onRetainNonConfigurationlnstanceO
This callback method is in place to deal with activity re-creation due to configuration 
changes. This method returns an object reference in your process memory that needs to be 
retied to the activity once it is re-created. We explained this in more detail previously when 
we described the onCreate method.

When the activity is re-created, the object that is retumed from this method is madę 
available through the method getLastNonConfiguration!nstance(). Now in onCreate() the 
new activity can use the previously established resources and object references. Importantly, 

those previous resources are holding to the old activity reference, then the resources can 
be told to use the new one.

This dilemma exists because during an orientation change Android doesn’t kill the process, 
but just discards the old activity, re-creates the activity in the new orientation, and expects 
the programmerto supply new layouts, etc., to suit the new configuration. So the working 
objects are still there holding onto an old activity. This is the method in association with its 
“get” counterpart to overcome this obstacle.
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When you read Chapter 8, you will learn that this method is deprecated and you will use in 
its place what are called headless retained fragments. These headless retained fragments 
have the additional benefit of being able to track the activity life cycle and not just the 
reference to the activity.

void onDestroy ()
onDestroyO is the counterpart of onCreate(). The activity is going to finish after onDestroy. 
An activity can finish for two primary reasons.

One is an explicit close. This can happen when the user has explicitly caused the activity to 
finish either by clicking a button that is provided to indicate that the user is done or by using 
a back button leaving the activity to go to the previous activity. Under such circumstances 
the activity will not be brought back by the system unless the user chooses the activity 
again. In this scenario the activity life cycle ends with the onDestroy method.

The second reason an activity can close is involuntary. When the orientation of a device 
changes, the Android SDK will forcefully close the activity and cali the onDestroy method 
followed by re-creating the activity and calling the onCreate again.

When an activity is in the background and if the system needs memory, Android may shut 
down the process and may not have an opportunity to cali the onDestroy method. Due to 
this uncertainty, much like onStop, don’t use this method to control tasks or sen/ices that are 
outside the process in which the activity had been running. However, if the process is still in 
memory the onDestroy will be called as part of the life cycle and you can place cleanup codę 
in onDestroy as long as that codę belongs to this process.

General Notes on Activity Callbacks
Use Figure 2-3 to guide you to see the order of these callbacks and how best to use them.
If you were to override a callback you need to cali back the parent method. The SDK 
documentation explicitly indicates which derived methods are required to cali back their 
parent equivalents. Also refer to the SDK documentation to learn during which callbacks 
the system will not kill the process due to low-memory conditions. Also notice that only a 
handful of callbacks carry instance State bundle.

More on Resources
We want to tell you little more about how resources are used in Android applications. In the 
calculator layout file, you have seen some of the resources used like strings, images, IDs, etc.

Other resources that are not so obvious include dimensions, drawables, string arrays, 
language terms for plurals, xml files, and all types of input files. In Android, something is 
treated as a resource a) if it is an input to your program and is part of the apk file and b) if 
the value or content of the input can have different values based on language, locale, or 
orientation of the device, generally called a configuration change.
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Directory Structure of Resources
All resources in Android are placed under the /res subdirectory of the root of your 
application package. Listing 2-10 shows an example of what a /res may look like:

Listing 2-10. Android Resource and Assets Directory Structure 
/res/values/strings.xml 

/colors.xml 
/dimens.xml 
/attrs.xml 
/styles.xml 

/drawable/*.png
/*.jPg 
/*.gif 
/*.9.png 
/*.xml

Zanim/*.xml'
/layout/*.xml
/raw/*.*
/xml/*.xml 

/assets/*.*/*.*

We will cover attrs.xml and styles.xml in Chapter 7. The xml files in the anim subdirectory 
define animations that can be applied to various views. We will cover these animation-related 
resources in the animations chapter (Chapter 18). The xml files in the xml subdirectory get 
compiled away to binary and their resource IDs can be used to read them. We will show an 
example of this shortly. The /raw subdirectory holds files that get placed, as they are, without 
Oetting converted to any binary format.
The /assets directory, which is a sibling of /res, is not part of the resource hierarchy. This 
rrieans that the files in this subdirectory do not change based on language or a locale. 
Android does not generate any IDs for these files. This directory is morę like a static local 
storage for any files that are used as inputs, such as configuration files for your application. 
Except for the assets directory, every other artifact in the /res subdirectory will end up 
9enerating an ID in R.* namespace, as you have seen before. Each distinct resource type 
wi|l have its own namespace under R.*, as in R.id, R.string, or R.drawable, etc.

Reading Resources from Java Codę
In layout files, as you have seen the in calculator layout, one resource can refer to other 

sources. For example, the calculator layout resource file referenced the string and color 
erences. This approach is common. Alternatively, you can also use Java API to retrieve 

e resource values using the method Activity.getResources(). This method returns a
to eretnce to the Android SDK java class resources. You can use methods on this class

tO the values of each resource identified in your local R.* namespace. Listing 2-11 
ws an illustration of this approach:
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Listing 2-11. Reading Resource Values in Java Codę
Resources res = activity.getResources();
//Retrieving a color resource
int somecolor = res.getColor(R.color.main_back_ground_color);
II Using a drawable resource
ColorDrawable redDrawable=(ColorDrawable)res.getDrawable(R.drawable.red_rectangle);

Runtime Behavior of Drawable Resources
The drawable directory is an interesting case worth covering to demonstrate the fluency of 
Android’s architecture. As shown earlier, this directory can contain images that can be set 
as backgrounds. This directory also allows XML files that know how to get converted to 
drawable java objects which can then be used as backgrounds that are rendered at runtime. 
Listing 2-12 shows an example of this:

Listing 2-12. Example ofa Shape Drawable XML Resource File
<?xml version="1.0" encoding="utf-8"?>
<shape xmlns:android="http://schemas.android.com/apk/res/android" 

android:shape="rectangle">
<solid android :color="#-f0600000"/>
<stroke android:width="3dp" android:color="#ffff8080"/>
<corners android:radius="13dp" />
<padding android:left=''10dp" android:top="iodp" 

android:right="lOdp" android:bottom="lodp" /> 
</shape>

If you place a file like this in the drawable subdirectory and cali it backgroundl.xml, it will 
result in an ID called R.drawable.backgroundl. You can then use that ID as if it were a 
background image for any view that is drawn with a rectangular border. Other possible 
shapes are ovals, lines, and rings.

Similar to the shape xml file, each allowed XML file in the drawable directory defines a 
drawable that defines a particular way to draw. Examples of these drawables include 
bitmaps that can be decorated with certain behavior, or images that can transition from one 
image to another, layered drawables that are collections of other drawables, drawables that 
can be selected based on input parameters, drawables that can respond to progress by 
showing multiple images, drawables that can clip other drawables, etc... See the following 
URL for a number of sophisticated things you can do using these runtime drawable objects:

http: //androidbook.com/item/4236

http://schemas.android.com/apk/res/android
file:////androidbook.com/item/4236
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Using Arbitrary XML Files as Resources
Android also allows arbitrary XML files to be used as resources which can then be localized or 
tuned for each device. Listing 2-13 is an example of reading and processing an XML-based 
resource file from the /res/xml subdirectory.

Listing 2-13. Reading an XML Resource File
private String readAnXMLFile(Activity activity) throws XmlPullParserException, IOException { 

StringBuffer sb = new StringBuffer();
Resources res = activity.getResources();
XmlResourceParser xpp = res.getXml(R.xml.test);

xpp.next();
int eventType = xpp.getEventType();
while (eventType != XmlPullParser.END_DOCUMENT) { 

if(eventType == XmlPullParser.START_DOCUMENT) { 
sb.append("******Start document");

}
else if(eventType == XmlPullParser.START_TAG) { 

sb.append("\nStart tag "+xpp.getName());
}
else if(eventType == XmlPullParser.END_TAG) { 

sb.append("\nEnd tag "+xpp.getName());
}
else if(eventType == XmlPullParser.TEXT) { 

sb.append("\nText "+xpp.getText());
}
eventType = xpp.next();

}//eof-while
sb.append("\n******End document");
return sb.toString();

}//eof-function

Working with Raw Resource Files
Android also allows any type of non-compiled files as resources. Listing 2-14 is an example of 
reading a file that is placed in the /res/raw subdirectory. Being a resource even the raw files 
that are in this directory can be customized for language or a device configuration. Android 
generates IDs automatically for these files as well, as they are resources like any other resource.

Listing 2-14. Reading a Raw Resource File
String getStringFromRawFile(Activity activity) throws IOException {

Resources r = activity.getResources();
InputStream is = r.openRawResource(R.raw.test);
//assuming you have a function to convert a stream to a string
String myText = convertStreamToString(is);
is.close(); //take care of exceptions etc.
return myText;
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Reading Files from the Assets Directory
Although usually clubbed with resources, the /assets directory is a bit different. This 
directory does not sit under the /res path, so the files in this directory do not behave like 
resource files. Android does not generate resource IDs for these files in the R.* namespace. 
These files are not customizable based on locale or device configuration. Listing 2-15 shows 
an example of reading a file that is placed in the /assets subdirectory.

Listing 2-15. Reading a File from Assets Directory
String getStringFromAssetFile(Activity activity) { 

AssetManager am = activity.getAssets();
InputStream is = am.open("test.txt");
String s = convertStreamToString(is);
is.close();
return s;

}

Thus far, we have used an activity reference to get hołd of the resources or an AssetManager 
object as in Listing 2-15. In reality, all we need is the base class of the activity, the 
context object.

Reading Resources and Assets Without an Activity Reference
Sometimes you may need to read an XML resource file or an asset file from the bowels of 
source codę, where it is intrusive to pass the activity reference. For these cases, you can use 
the following approach to obtain the application context and then use that reference instead 
to get to the assets and resources.

When Android loads your application (in order to invoke any of its components), it 
instantiates and calls an application object to inform that the application could initialize itself- 
This application classname is specified in the Android manifest file. If MyApplication. java is 
your application java class, then it can be specified in the Android manifest file as shown in 
Listing 2-16.

Listing 2-16. Specifying an Application Class in the Manifest File
Application android:name=".MyApplication" 

android:icon="@drawable/icon" .. ./>

Listing 2-17 shows how we can codę the MyApplication and also shows how we can 
capture the application context in a global yariable.
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Listing 2-17. Sample Codę for an Application that Captures Application Contert

Public class MyApplication extends Application {
//Make surę to check for nuli for this variable 
public static volatile Context s_appContext = nuli;

@0verride
public void onConfigurationChanged(Configuration newConfig) { 

super.onConfigurationChanged(newConfig);

@0verride
public void onCreate() {

super.onCreate();
MyApplication.s_appContext = this.getApplicationContext();

Wverride
Public void onLowMemory() { 

super.onLowMemory();

@Override
public void onTerminate() {

super.onTerminate();

With the application context captured in a global variable, we now can get to the asset 
Manager to read our assets as in Listing 2-18.

Listing 2-18. Using Application Object to Get to Application Asset Files
AssetManager am = MyApplication.s_appContext.getAssets();
InputStream is = am.open(filename);

Understanding Resource Directories, Language, and Locale
Let’s wrap up the idea of Android resources by pointing out how resource directories are 
^ed to load resources based on language, locale, or a configuration change of the device 
^e say orientation. See how in Listing 2-19 a layout file with the same name is located in 
Multiple layout directories starting with same prefix of layout but with different qualifiers such 
as “port” for portrait and “land” for landscape. There are a large number of these qualifiers 
^ailable in the SDK documentation. We also cover some of these aspects in Chapter 9 
Configuration Changes). Listing 2-19 shows an example of how layout files are arranged by 
Portrait or landscape configuration:

Listing 2-19. Demonstrating Resource Oualifiers

res\layout\main_layout.xml 
res\layout-port\main_lay°ut.xml 
res\layout-land\main_layout.xml
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More on Intents
We have talked about how intents are used to invoke activities. We want cover few more 
essential aspects of intents now. Listing 2-20 shows how intents are used to invoke a 
number of prebuilt Google applications.

Listing 2-20. Sample Codę Using Intents
public class Intentslltils {

public static void invokeWebBrowser(Activity activity) {
Intent intent = new Intent(Intent.ACTION_VIEW);
intent.setData(Uri.parse("http://www.google.com"));
activity.startActivity(intent);

}
public static void invokeWebSearch(Activity activity) {

Intent intent = new Intent(Intent.ACTION_WEB_SEARCH);
intent.setData(Uri.parse("http://www.google.com"));
activity.startActivity(intent);

}
public static void dial(Activity activity) {

Intent intent = new Intent(Intent.ACTION_DIAL); 
activity.startActivity(intent);

}
public static void call(Activity activity) {

Intent intent = new Intent(Intent.ACTION_CALL);
intent.setData(Uri.parse("tel:555-555-5555"));
activity.startActivity(intent);

}
public static void showMapAtLatLong(Activity activity) {

Intent intent = new Intent(Intent.ACTION_VIEW);
//geo:lat,long?z=zoomlevel&q=question-string
intent.setData(Uri.parse("geo:o,0?z=4&q=business+near+city")); 
activity.startActivity(intent);

}
}

Notice how these intents do not invoke a specific activity by its classname but rather use the 
target qualities of suitable activities. For example to invoke a browser to view a web page, the 
intent simply says the action is ACTION_VIEW and the data portion of the intent is set to the 
web address. Android then looks around to see all the activities that know how to show 
the type of data requested in the data attribute. It will then give the user an option which 
of the activities that the user wants to choose to open the URL. These types of intents that 
don’t specify the classname of the component to invoke are called implicit intents. We will 
cover this in a little bit more detail shortly.

Starting ActMties for Results
Listing 2-21 shows an example of an activity where one of its methods is invoking a target 
activity in order to obtain a result when that target activity is completed. This is done through 
the method invokePick() in as shown in Listing 2-21.

http://www.google.com
http://www.google.com
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Listing 2-21. Using Intents to Get Results from Activities
Public class SomeActivity extends Activity { 

//Cali this method to start a target activity that knows how to pick a notę 
//Use a data URI that tells the target activity which list of notes to show
Public static void invokePick(Activity activity) {

Intent picklntent = new Intent(Intent.ACTION_PICK);
int requestCode = 1;
picklntent.setData(Uri.parse(

"content://com.google.provider.NotePad/notes"));
activity.startActivityForResult(pickIntent, requestCode);

//the following method will be called when the target activity finishes 
//Notice the outputlntent object that is passed back which could 
//contain additional information 

@0verride
Piotected void 
°nActivityResult(int requestCode,int resultCode, Intent outputlntent) {

super.onActivityResult(requestCode, resultCode, outputlntent); 
parseResult(this, requestCode, resultCode, outputlntent);

Public static void parseResult(Activity activity
> int requestCode, int resultCode , Intent outputlntent)

if (requestCode != 1) {
Log.d("Test", "Someone else called this. not us"); 
return;

}
if (resultCode != Activity.RESULT_OK) {

Log.d("Test", "Result codę is not ok:" + resultCode); 
return;

}
Log.d("Test", "Result codę is ok:" + resultCode);
Uri selectedUri = outputlntent.getData();
Log.d("Test", "The output uri:" + selectedUri.toStringO);

//Proceed to display the notę
outputlntent.setAction(Intent.ACTION_VIEW); 
startActivity(outputlntent);
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The constants RESULT_OK, RESULT_CANCELED, and RESULT_FIRST_USER are all defined in the 
activity class. The constant RESULT_FIRST_USER is used as a starting number for 
user-defined activity results. The numerical values of these constants are shown in 
Listing 2-22:

Listing 2-22. Result Values from Returned Activities
RESULT_OK = -1;
RESULT_CANCELED = 0;
RESULT_FIRST_USER = 1;

To make the PICK functionality work, the implementing or the target activity that is 
responding should have codę that explicitly addresses the needs of an ACTION_PICK. Let’s 
look at an example of how this is done in the Google sample NotePad application. (See the 
references section, where you can find this application.) When the item is selected in the 
list of items, the intent that invoked the target activity is checked to see whether ifs an 
ACTION_PICK intent. If it is, the data URI of the selected notę item is set in a new intent and 
returned through setResult() as shown in Listing 2-23. The calling activity then can investigate 
the returned intent to see what data it has in it. See the method parseResult() in Listing 2-21.

Listing 2-23. Target Activity Returning a Result through a Data URI
@0verride
protected void onListItemClick(ListView 1, View v, int position, long id) { 

Uri uri = ContentUris.withAppendedId(getIntent().getData(), id);

String action = get!ntent().getAction(); 
if (Intent.ACTION_PICK.equals(action) || 

Intent.ACTION_GET_CONTENT.equals(action)) {
// The caller is waiting for us to return a notę selected by 
// the user. They have clicked on one, so return it now. 
setResult(RESULT_OK, new Intent().setData(uri));
finish();

}
...other ways of how this activity may have been invoked 

}

Exercising the GET_CONTENT Action
ACTION_GET_CONTENT is similar to ACTION_PICK. In the case of ACTION_PICK, you are specifying 
a data URI that points to a collection of items, like a list of notes from a NotePad-like 
application. You will expect the intent action to pick one of the notes and return it to the 
caller. In the case of ACTION_GET_CONTENT, you indicate to Android that you need an item of a 
particular MIME type. Android searches for activities that can either create one of those items 
or choose from an existing set of items that satisfy that MIME type.



CHAPTER 2: Introduction to Android Application Architecture 59

Using ACTION_GET_CONTENT, you can pick a notę from a collection of notes supported by the 
NotePad application using the codę shown in Listing 2-24:

Listing 2-24. Invoking Activities for Creating Content
Public static void invokeGetContent(Activity activity) {

Intent picklntent = new Intent(Intent.ACTION_GET_CONTENT);
int requestCode = 2;
picklntent.setType("vnd.android.cursor.item/vnd.google.notę"); 
activity.startActivityForResult(pickIntent, requestCode);

Notice how the intent type is set to the MIME type of a single notę. Contrast this with the 
ACTION_PICK codę, where it explicitly indicated a URL that points to a collection of notes (like 
a web URL that can retrieve a page worth of data).
For an activity to respond to ACTION_GET_CONTENT, the activity has to register an intent filter 
indicating that the activity can provide an item of that MIME type. Listing 2-25 shows how the 
SDK’s NotePad application accomplishes this:

Listing 2-25. Activity Filter for Get Content
<activity android:name="NotesList" android:label="@string/title_notes_list">

<intent-filter>
<action android:name="android.intent.action.GET_CONTENT" />
<category android:name="android.intent.category.DEFAULT" />
<data android:mimeType="vnd.android.cursor.item/vnd.google.notę" /> 

</intent-filter>

</activity>

The rest of the codę for responding to onActivityResult() is identical to the previous 
ACTIon_PICK example. If there are multiple activities that can return the same MIME type, 
Android will show you the chooser dialog to let you pick an activity.

Relating Intents and Activities
An intent is used to start not only activities but also other components like a sen/ice 
Or a broadcast receiver. These components are covered in later chapters. You can see 
these components as having certain attributes. One attribute of a component may be the 
category to which this component belongs. Another attribute may be what type of data this 
component can view, edit, update, or delete. Another attribute may be what type of actions 
a component can respond to. If you were to look upon these components as entities in a 
database, their attributes can be seen as columns. Then an intent can be seen as a where 
clause that specifies all or some of those characteristics to choose a component like an 
activity to start. Listing 2-26 is an example of demonstrating how to query for all activities 
that are categorized as CATEGORY_LAUNCHER.
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Listing 2-26. Ouerying Actiyities that Match an Intent
Intent mainlntent = new Intent(Intent.ACTION_MAIN, nuli);
mainlntent.addCategory(Intent.CATEGORY_LAUNCHER);
PackageManager pm = getPackageManager();
List<ResolveInfo> list = pm.queryIntentActivities(mainIntent, 0);

PackageManager is a key class that allows you to discover activities that match certain intents 
without invoking them. You can cycle through the received activities and invoke them as you 
see fit, based on the Resolvelnfo API. Listing 2-27 is an extension to the preceding codę 
that walks through the list of activities and invokes one of the activities if it matches a name. 
In the codę, we have used an arbitrary name to test it:

Listing 2-27. Walking Through a Matched Activity List for an Intent

for(ResolveInfo ri: list) {
//ri.activitylnfo.
Log.d("test",ri.toString());
String packagename = ri.activityInfo.packageName;
String classname = ri.activitylnfo.name;
Log.d("test", packagename + + classname);
if (classname.equals("com.ai.androidbook.resources.TestActivity")) {

Intent ni = new Intent();
ni.setClassName(packagename,classname); 
activity.startActivity(ni);

}
}

Understanding Explicit and Implicit Intents
When you specify an explicit activity name (or a component name like a sen/ice or a 
broadcast receiver) in an intent, such an intent is called an explicit intent. When this intent is 
used to start an activity, that activity is invoked irrespective of what else is there in that intent 
such as its category or data.

As you have seen, an intent does not have to have an activity specified explicitly to invoke it. 
An intent can rely on an activity’s action attribute, category attribute, or data attribute. These 
intents that omit the explicit activity or component class are called implicit intents. When you 
use an implicit intent to invoke an activity it is paramount that the activity must have as one 
of its categories CATEGORY_DEFAULT. If you expect your activity to be explicitly started 
by an intent, then you don’t need to specify any category at all to that activity. Listing 2-28 
shows an example of minimally registering an activity in an Android manifest file so that it 
can be invoked by an explicit intent.

Listing 2-28. Minimal Actiyity Definition

<activity android :name=''com.androidbook.asynctask.TestProgressBarDriverActivity" 
android:label="Test Progress bars"/>
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If you want to invoke this activity through an implicit intent without specifying its classname, 
like through an action say, then you need to add the following intent filters, one for the action 
and one for the needed mandatory category of default, as shown in Listing 2-29.

Listing 2-29. An Activity Definition with Filters
<activity android:name="com.androidbook.asynctask.TestProgressBarDriverActivity" 

android:label="Test Progress bars"> 
<intent-filter>

<action android:name="com.androidbook.intent.action.ME" /> 
ccategory android:name="android.intent.category.DEFAULT" /> 

</intent-filter>
</activity>

Saving State in Android
As you reviewed the calculator app, your next likely need is how to storę the data of an 
Android app. Let’s briefly cover the available options. There are five ways to storę data in 
Android: 1) shared preferences, 2) internal files, 3) external files, 4) SQLIite, and 5) network 
storage in the cloud.

Shared preferences API is a sophisticated API in the Android SDK to save, display, and 
manipulate preferences for your applications. Although this feature is intended and 
tailored for preferences it can be used for saving arbitrary State of your application. Shared 
Preferences are internal to the application and device. Android does not make this data 
available to other applications. A user is not expected to directly manipulate this data by 
Tounting onto a USB port. This data is removed automatically when the application is 
removed. These shared preferences are covered in detail in Chapter 11.
While shared preferences data is structured key/value pair data and follows a few other 
semantics imposed, internal files are stand-alone files that you can write to without a 
Predefined structure. We haven’t found a compelling advantage of using internal files over 
shared preferences, or the other way, especially for smali- to medium-sized State. So for 
'Tost apps you can choose one or the other.
Unlike internal files, which are stored on the internal storage of the device, external files are 
stored on the SD card. These become public files that other apps including the user could 
see outside the context of your application. The external files can be used to storę data that 
Takes sense even outside of your app such as image files or video files. For strictly the 
lr|ternal state of the app, internal files are a better option.
The external files may also be an option if the state is very large running into tens of 
Tegabytes. Usually when that happens you don’t want to save the State as a monolithic file 
anyway and opt for morę granular storage as a relational database like the SOLlite.
We will give a quick overview and brief codę samples in Chapter 25 on how to use 
Preferences, internal files, and external files to storę your app state. One of the tricks is to 
Persist java object tree directly using JSON and GSOn while giving consideration to see 
lf this level of granularity is appropriate. If you are not familiar with JSON, it is an object 
transport and storage format for JavaScript-based objects. It is also generally applicable any 
°bject structure as well including java objects and often used that way lately. The GSON is a 
Google library that converts Java objects to and from JSON strings.
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SOLlite is a really good option that is recommended to storę the state of an app. The short 
drawback is your logie to save and read data become verbose and cumbersome. You can 
probably use O/R mapping libraries to overcome this mismatch between java objects and its 
relational representation. SOLlite is also often used to storę data that needs to be shared by 
multiple applications through a concept called content providers. This is the central topie of 
Chapter 25.

Finally, cloud-based network storage is coming into its own. For example a number of 
MBAAS (Mobile Backend as a Seryice) platforms such as parse.com support storing the 
mobile data directly in the cloud for both online and offline usage. This model is going to be 
increasingly relevant as you start making your app available on multiple devices for the same 
user or being able to collaborate with other users. This topie is covered in great detail in our 
companion book Expert Android from Apress.

Many time for your apps the GSON option to storę app state in an internal file is really the 
quickest and most practical way to go. Of course you do want to analyze the granularity of 
the solution and see if this simpler approach won’t become a burden on computing power 
or battery life. If your app gains lot of popularity you may want to use a second release 
with SOLlite by optimizing storage speed or use cloud storage if that is more appropriate 
for that release.

Roadmap for Learning Android and the Rest 
of the Book
Let’s quickly review what we have covered so far. In the one-pager application you have 
seen how the Ul is put together, how the business logie is coded in Java, and then how 
the application is defined to the Android sdk using the Android manifest file. We explained 
what resources are, how they reference each other, how they are referenced in layout files, 
and even how to read your input files as resources. We have shown you what intents are, 
their intricacies, and how to use them to invoke or discover actiyities. We have covered the 
activity’s life cycle, which is really important to understand Android architecture. We have 
also given a quick rundown of how you can save the state of your application. This is a 
pretty good foundation to plan and write simple applications.

We now want to follow up this bird’s eye view of Android applications with a roadmap of 
becoming an expert app developer on the Android platform. This roadmap divides the 
chapters of this book into the following six key learning tracks:

■ Track 1: Ul essentials for your Android applications

■ Track 2: Saving state

■ Track 3: Preparing/taking your application to Google Play

■ Track 4: Making your application robust

■ Track 5: Bringing finesse to your apps

■ Track 6: Integrating with other devices and the cloud

parse.com
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Among these six tracks, the first three are the basie tracks that you must know well to write
Android apps that are useful to you and the larger community. Tracks 4, 5, and 6 are there
to make your apps better and feature rich in subsequent releases. We will talk about what
chapters make up each track and what you are expected to gain from that track.

Track 1: Ul Essentials for Your Android Applications
Android has a number of Ul Controls and layouts out of the box to write very feature 
rich-applications. Some examples are buttons, various TextViews, EditText Controls, 
checkboxes, RadioButtons, datę and time Controls, list Controls, Controls to show analog 
and digital eloeks, Controls to show images and videos, Controls to pick numbers, etc. We 
will cover a number of these in Chapter 3. In that chapter, we will also cover the essential 
layouts that are needed to compose the Ul from those Controls.

Once you are able to use the basie Controls to construct your Ul, the one control that you 
absolutely need in your apps is the list control. We did not cover list control as a basie 
control because it is a bit involved. Also Android has a number of features and approaches 
to do list-based applications. So we have dedicated a separate chapter for list Controls 
and the data adapters that are necessary to populate those list Controls. These aspects are 
covered in Chapter 4.
Once you master the basie Controls, basie layouts, and list Controls, you will start looking 
around for more sophisticated layouts like the grid and table layouts. These are covered in 
Chapter 5 under “Using Advanced Layouts.”

Menus are covered in Chapter 6. Android’s menu infrastructure includes context menus, 
P0P-up menus, option icons in an action bar, etc.
Your mobile app is not really complete without refining it through styling, much like CSS. 
Chapter 7 covers how styles and themes work in Android.
Dialogs are essential in any Ul. Dialogs are a bit involved in Android. To understand dialogs 
'n Android you have to first understand the concept of fragments. Architecture of dialogs 
's only one aspect of fragments. Fragments are now core to the Android Ul. Chapter 8 
explains what fragments are and in Chapter 10 we cover dialogs, building upon Chapter 8. 
in mobile apps, you cannot write an app without understanding what happens to your 
aPplication when the device orientation changes. Programming correctly for orientation 
change is not trivial in Android. How to program for orientation and other device 
configuration changes is covered in Chapter 9.
For any reasonably useful application you will likely need to know all these Ul essentials. 

Track 1 is an essential track.

Track 2: Saving State
Doce you know how to construct the Ul of your application, the next need you will run into is 
0 save the state of your application. Refer to the earlier section on saving state to see what 

cptions are available and in which chapters those options are covered. Track 2 is also an 
essential track as you should know how to save state.



64 CHAPTER 2: Introduction to Android Application Architecture

Track 3: Preparing/Taking Your Application to the Market
By completing Tracks 1 and 2 you can build a pretty reasonable application that you can 
deploy to the marketplace. Chapter 30 shows you how you can take your app to the Google 
Play storę.

Track 4: Making Your Application Robust
Track 4 is an advanced track getting into the internals of Android. You will need to go through 
the chapters in this track to solidify your understanding of how Android works. We start this 
track with Chapter 12 on compatibility library. This chapter teaches how to make your app run 
well on older releases while using features that are available only on the newer platforms.

Android allows you to run codę in your application even though you are not actively using 
the application in the foreground. It could be the musie you are playing in the background, 
or it could be backing up your images to a cloud, etc. This type of codę is called a Sen/ice 
in Android. Working with sen/ices is covered in Chapter 13. These sen/ices can be triggered 
by a direct user action or through alarms or broadcast events. Alarm manager is covered in 
Chapter 17.

When you use intents to invoke components such as activities or sen/ices you are targeting 
a single component. Android also supports a publish-and-subscribe protocol where an 
intent can be used to invoke multiple components that register for it at the same time. These 
components are called receivers or broadcast receivers. A broadcast receiver is a piece of 
codę in your application that is executed in response to a broadcasted event even if your 
application had not been started or was just dormant at the time of the event. How to work 
with broadcast receivers is covered in Chapter 16.

As you start using more and more features of Android such as sen/ices, broadcast receivers, 
and content providers you will need to understand how Android uses a single main thread to 
run the codę in these components. This threading model is covered in detail in Chapter 14. 
Knowing this will help you write codę that is robust. In this track, you will also learn about 
the very useful AsyncTask, which is used to simplify offloading work from the main thread. 
This API is often used from Ul to read messages from the web or check for e-mails, etc.
AsyncTask is covered in Chapter 15.

Track 5: Bringing Finesse to Your Apps
To make your apps look appealing, one of the first things you can do is to add a little or a 
lot of animation. This is covered in Chapter 18. Touch-based interfaces are now the norm. 
Manipulating your enyironment with drag and drop is more natural. You want to employ 
sensors to write apps that integrate with the external world better. These touch screens, 
drag and drop, and sensors are respectively covered in Chapters 22, 23, and 24.

Home screen widgets are a wonderful way to extract pieces of your app and make it 
available on any home screen of your choosing. This personalization feature, when used 
innovatively with value in mind, makes the interaction with the device simple and joyful. 
Widgets are covered in Chapter 21.
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Map- and location-based apps are madę for mobile devices. This topie is covered in 
Chapter 19.

You can very easily integrate audio and video into your apps on Android. This API is covered 
in Chapter 20.

Track 6: Integrating with Other Devices and the Cloud
You can use Google cloud messaging to reach out to the users of your mobile applications. 
Google cloud messaging is covered in Chapter 29. With NFC and Bluetooth capabilities in 
Android you can start interacting with your physical enyironment in your apps. We hope to 
Post some materiał on these topics to the online companion for the book.

Finał Track: Getting a Helping Hand from Expert Android
Now, we are going to talk about a few topics that are not covered in this book. You may 
want to consider these topics, should you find them relevant to your needs. Most of these 
are based on our research for the Expert Android book that we published in early 2014 
through Apress.

Android has a public API to write custom components that can work and behave differently 
than what come out of the box. You can write custom views where you can control what to 
draw and how to draw, which can then coexist with other Controls that are out of the box like 
a button or a text control. You can also combine multiple existing Controls into a compound 
control that can then behave like an independent control. You can also design new 
layouts that suit your display needs. There are a lot of tricky things to create these custom 
components well. You have to understand the core Android view architecture. This materiał 
is covered over three chapters and 100 pages in the Expert Android book from Apress. 

if your apps are form based, you will need to write a lot of codę to validate the form input. 
You really need a framework to handle this. Expert Android has a chapter on creating a smali 
form Processing framework that is really useful and will reduce errors and the amount of 
codę you need to write.
MBAAS, Mobile Backend as a Service, is a needed technology for mobile apps and is 
now pretty widely available. The facilities an MBAAS offers are user logins, social logins, 
user management, savind data on behalf of users in the cloud, communication with the 
Psers, collaboration between the users themselyes, etc. In Expert Android we have multiple 
chapters dedicated to an MBAAS platform called Parse.

OpenGL has come a long way on Android with now-substantial support for the new 
generation of programmable GPUs. Android has been supporting ES 2.0 for some time 
now. In Expert Android we have over 100 pages of coverage on OpenGL. We start at the 
beginning and explain all the concepts without needing to refer to external books, although 
We do give an extensive bibliography on OpenGL. We cover ES 2.0 really well and proyide 
OPidance to combine OpenGL and regular views to pave the way for 3D components.
Federated search protocol of Android is powerful as you can use it in quite a few imaginative 
ways. Expert Android fully explores its fundamentals and also some alternate ways of using 

optimally.
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Android provides an increasingly large set of features for debugging. These topics are covered
in Expert Android. A celi phone is ultimately a talking device, although it is used less and less
often for that. We have a chapter on utilizing the telephony API in Expert Android as well.

As We Leave You Now with the Rest of the Book
Finally, you may be wondering why you should even become a mobile developer. We can cite 
two strong arguments, one of which never existed before. The familiar one is to be part of 
an IT organization for their mobile programming efforts. The IT opportunities are on the rise 
but not fully realized yet unlike what happened with the Web programming paradigm when it 
came into being. We expect this need, however, to be a gradually increasing demand.

On the other hand, the immediate and exciting opportunity is for you to become an 
independent app publisher. The availability of a sales channel for the apps that you write is 
a unique one in the software industry. Not every one of us is going to be a rising star in an IT 
organization. The independent developer path gives an avenue for you to grow at your own 
pace and in a direction that satisfies you. Łuck and patience might even make you rich. At 
least you can add value to the society while meeting your needs.

Should you decide to venture into the Android mobile programming space, you want to be 
prepared with the right hardware that makes this experience bearable. If you are buying a 
Windows laptop see if you can get one with at least 8G of memory, solid-state hard drive, 
and a reasonably fast processor. Expect to spend about $1,000 to $1,500. If you are buying 
a Mac laptop, a similar configuration may cost you about $2,500. A good fast configuration 
is important for Android deyelopment. If you are a seasoned Java programmer, given this 
investment, and this book in hand, if you follow the tracks laid out here you can become a 
competent mobile Android app developer in about six months.

References
Here are additional resources for the topics discussed in this chapter.

■ : You can use this URL 
to download detailed chapters on resources and intents (madę available 
free from previous editions due to space limitations).

http://androidbook.com/free-android-chapters

■ : You will find atthis URL 
notes on installing Android, working with AVDs, signing APK files, and 
more to get you started with Android.

http://androidbook.com/working-with-avds

■ : This URL shows how to run an 
Android application on a device from the eclipse ADT. This link also 
shows you how to hook up your device through a USB port to your 
deyelopment Computer.

http://androidbook.com/item/3574

■ : This URL talks about key callback 
functions on an actiyity. Monitoring the actiyity callbacks is a good way 
to get a handle on the actiyity life cycle. You can copy the codę from 
here to create a base actiyity that can monitor and log these callbacks 
for you.

http://androidbook.com/item/4629

http://androidbook.com/free-android-chapters
http://androidbook.com/working-with-avds
http://androidbook.com/item/3574
http://androidbook.com/item/4629
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■ http://androidbook.com/item/4440: This URL talks about how you can
use GSON and JSON for persistence needs of your application. This
article suggests an easy way to persist data on the device for your apps.

■ Expert Android from Apress talks about passing objects through Android 
bundles as parcelables in depth.

■ :http://developer.android.com/guide/topics/resources/index.html
Android SDK roadmap to the documentation on resources.

■ : Android documentation of various types of resources 
available.

http://developer.android.com/guide/topics/resources/available- resources.html
http://developer.android.com/guide/topics/resources/providing- resources.html#AlternativeResources: A list of various configuration 
qualifiers provided by the latest Android SDK.

■ . 
html: Guidelines on how to design Android applications for multiple 
screen sizes.

http://developer.android.com/guide/practices/screens_support

http://developer.android.com/reference/android/content/res/  Resources.html: Various Java methods available to read resources.
http://developer.android.com/reference/android/R.html: Resources
as defined to the core Android platform.

http://androidbook.com/item/3542: Our research on plurals, string 
arrays, resource qualifiers, and alternate resources, as well as links to 
other references.

http://androidbook.com/item/4236: Using drawable resources to 
control backgrounds.

http://developer.android.com/training/notepad/index.html: 
A beginner’s guide, yet a comprehensive introduction to Android 
applications through a NotePad example.

http://developer.android.com/reference/android/content/Intent. html: Overview of intents, including well-known actions, extras, 
and so on.

http://developer.android.com/guide/appendix/g-app-intents.html: 
Lists the intents for a set of Google applications. Here, you will see here 
how to invoke Browser, Map, Dialer, and Google Street View.

http://developer.android.com/reference/android/content/ 
IntentFilter.html: Talks about intent filters and is useful when you 
are registering intent filters for activities and other components in the 
manifest file.

http://developer.android.com/guide/topics/intents/intents- filters.html: Goes into the resolution rules of intent filters.

http://androidbook.com/item/4440
http://developer.android.com/guide/topics/resources/index.html
http://developer.android.com/guide/topics/resources/available-resources.html
http://developer.android.com/guide/topics/resources/providing-resources.html%2523AlternativeResources
http://developer.android.com/guide/practices/screens_support
http://developer.android.com/reference/android/content/res/
http://developer.android.com/reference/android/R.html
http://androidbook.com/item/3542
http://androidbook.com/item/4236
http://developer.android.com/training/notepad/index.html
http://developer.android.com/reference/android/content/Intent
http://developer.android.com/guide/appendix/g-app-intents.html
http://developer.android.com/reference/android/content/
http://developer.android.com/guide/topics/intents/intents-filters.html
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■ : URL 
where you can download the sample codę for a NotePad application. 
This is a good sample application that features a number of Android 
APls. A good place to go after the calculator application.

http://developer.android.com/training/notepad/index.html

■ : This is the primary 
link to browse through the various samples presented for the Android 
SDK by Google.

http://developer.android.com/samples/index.html

■ : This is the 
primary learning site from Google that presents a series of lessons to 
learn Android.

http://developer.android.com/training/index.html

■ : A web effort to make various 
Android applications work together.
https://code.google.eom/p/openintents/

■ : A roadmap for learning Android. 
Although some of these points are covered here, see this URL for the 
latest guidance on learning and maximizing Android.

http://androidbook.com/item/4623

■ : This is a knowledge folder 
containing a series of articles and tidbits on programming with Android 
basie Ul.

http://androidbook.com/item/4764

■ . Look herefor a list 
of downloadable projects related to this book. For this chapter, look for 
a ZIP file called ProAndroid5_Ch02_Calculator.zip.

http://www.androidbook.com/proandroid5/projects

Summary
This chapter laid out everything you need to understand to create mobile applications with 
the Android SDK. You have seen how Ul is constructed. You know what activities are. You 
know the intricacies of the activity life cycle. You understood resources and intents. You 
know how to save state. Finally, you got to see the breadth of the Android SDK by reading 
the learning tracks that summarized the rest of the book. We hope these first two chapters 
gave you a head start for your development efforts with the Android SDK.

http://developer.android.com/training/notepad/index.html
http://developer.android.com/samples/index.html
http://developer.android.com/training/index.html
https://code.google.eom/p/openintents/
http://androidbook.com/item/4623
http://androidbook.com/item/4764
http://www.androidbook.com/proandroid5/projects


Building Basic User Interfaces 
and Using Controls
he previous chapter gave you a crash course in some of the Ul elements available in 
idroid, and how to put them together guickly to create the calculator application. While that

Was fun, we hope you started thinking about what other Ul widgets are available in Android, 
Over and above the TextView, EditText, and Button Controls introduced in Chapter 2.

this chapter, we are going to discuss user interfaces and Controls in detail. We will begin 
V discussing the generał philosophy of Ul development in Android, and then we’ll describe 
any of the Ul Controls that ship with the Android SDK. These are the building blocks of the 
terfaces you’ll create. In the subseguent chapters, we will also discuss view adapters

this 'ay°ut managers, and y°u’H see how they build on the basie Controls we introduce in

the end of this chapter, you’ll have a solid understanding of the many Ul Controls 
a|lable in the stock Android toolset, and how to lay out Ul Controls into screens and 

°Pulate them with data.

U* Oevelopment in Android
^development in Android is fun. Ifs fun because ifs relatively easy. With Android, we

_ e a simple-to-understand framework with a limited set of out-of-the-box Controls. The
the1 able screen area is generally limited—on phones if not on tablets—and this guides 
of underlying philosophy of “simple power” for Android Controls. Android also takes care 
c a lot of the heavy lifting normally associated to designing and building guality Uls. This, 

'hbined with the fact that the user usually wants to do one specific action, allows us to
1 y build a good Ul to deliver a good user experience.

^Android SDK ships with a host of Controls that you can use to build Uls for your application. 
In r other SDKs’ the Android SDK provides text fields, buttons, lists, grids, and so on.

ddition, Android provides a collection of Controls that are appropriate for mobile devices.

69



70 CHAPTER 3: Building Basic User Interfaces and Using Controls

At the heart of the common Controls are two classes: android.view.View and android.view. 
ViewGroup. As the name of the first class suggests, the View class represents a general-purpose 
View object. The common Controls in Android ultimately extend the View class. ViewGroup is also 
a view, but it contains other views too. ViewGroup is the base class for a list of layout classes. 
Android, like Swing, uses the concept of layouts to manage how Controls are laid out within 
a Container view. Using layouts, as we’ll see, makes it easy for us to control the position and 
orientation of the Controls in our Uls.

You can choose from several approaches to build Uls in Android. You can construct Uls 
entirely in codę. You can also define Uls in XML. You can even combine the two—define the 
Ul in XML and then refer to it, and modify it, in codę. To demonstrate this, in this chapter we 
are going to build a simple Ul using each of these three approaches.

Before we get started, lets define some nomenclature. In this book and other Android 
literaturę, you will find the terms view, control, widget, Container, and layout in discussions 
regarding Ul development. If you are new to Android programming or Ul development in 
generał, you might not be familiar with these terms. We’ll briefly describe them before we get 
started (see Table 3-1).

Table 3-1. Ul Nomenclature

Term Description

View, widget, control Each of these represents a Ul element. Examples include a button, a grid, a 
list, a window, a dialog box, and so on. The terms view, widget, and control 
are used interchangeably in this chapter.

Container This is a view used to contain other views. For example, a grid can be 
considered a Container because it contains cells, each of which is a view.

Layout This is a visual arrangement of containers and views and can include 
other layouts. We will work with layouts in this chapter and return for a fuli 
exploration of Android’s Layout features in Chapter 5.

Figure 3-1 shows a screenshot of the application that we are going to build. Next to the 
screenshot is the layout hierarchy of the Controls and containers in the application.

Figure 3-1. The Ul and layout ofan activity
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will refer to this layout hierarchy as we discuss the sample programs. For now, know that
the application has one activity. The Ul for the activity is composed of three containers: a
Container that contains a person’s name, a Container that contains the address, and an outer
Parent Container for the child containers.

Building a Ul Completely in Codę
first example, Listing 3-1, demonstrates how to build the Ul entirely in codę. To try this, 

create a new Android Application project using a project name of Controls, a package name 
°f com.androidbook.Controls, and with an activity named MainActivity and then copy the 
codę from Listing 3-1 into your MainActivity class.

Notę We will give you a URL at the end of the chapter that you can use to download projects from 
this chapter. This will allow you to import these projects into Eclipse directly instead of copying and 
pasting codę.

L'sting 3.1 Creating a Simple User Interface Entirely in Codę

Package com.androidbook.Controls;
mP°rt android.app.Activity;

android.os.Bundle;
iP°rt android.view.ViewCroup.LayoutParams;
. P°rt android.widget. LinearLayout;
Pub?^ andr°id.widget.TextView;
। ilc class MainActivity extends Activity

Private LinearLayout nameContainer;

Pnvate LinearLayout addressContainer;

Private LinearLayout parentContainer;

Called when the activity is first created. */ 
@°verride
Public void onCreate(Bundle saved!nstanceState)

super.onCreate(saved!nstanceState);

createNameContainer();

createAddressContainer();

createParentContainer();

y setContentView(parentContainer);
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private void createNameContainer() 
{

nameContainer = new LinearLayout(this);

nameContainer.setLayoutParams(new LayoutParams(LayoutParams.FILL_PARENT, 
LayoutParams.WRAP_CONTENT));

nameContainer.setOrientation(LinearLayout.HORIZONTAL);

TextView nameLbl = new TextView(this);
nameLbl.setText("Name: ");

TextView nameValue = new TextView(this);
nameValue.setText("John Doe'1);

nameContainer.addView(nameLbl);
nameContainer.addView(nameValue);

}

private void createAddressContainer()
{

addressContainer = new LinearLayout(this);

addressContainer.setLayoutParams(new LayoutParams(LayoutParams.FILL_PARENT, 
LayoutParams.WRAP_CONTENT));

addressContainer.setOrientation(LinearLayout.VERTICAL);

TextView addrLbl = new TextView(this);
addrLbl.setText("Address:");

TextView addrValue = new TextView(this);
addrValue.setText("911 Hollywood Blvd");

addressContainer.addView(addrLbl);
addressContainer.addView(addrValue);

}

private void createParentContainer()
{

parentContainer = new LinearLayout(this);

parentContainer.setLayoutParams(new LayoutParams(LayoutParams.FILL_PARENT,
LayoutParams.FILL_PARENT));

parentContainer.setOrientation(LinearLayout.VERTICAL);

parentContainer.addView(nameContainer);
parentContainer.addView(addressContainer);

As shown in Listing 3-1, the activity contains three LinearLayout objects. We will be 
discussing layouts in much morę depth in Chapter 5, but there’s a little chicken-and-egg 
issue of needing to know just a little about layouts so one can learn about the many basie 
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c°ntrols. For now, ifs enough to know that layout objects contain logie to position objects 
W|thin a portion of the screen. A LinearLayout, for example, knows how to lay out Controls 
®l1:her vertically or horizontally. Layout objects can contain any type of view—even other 
'ayouts.

The nameContainer object contains two TextView Controls: one for the label Name: and the 
°ther to hołd the actual text for the name (such as John Doe). The addressContainer also 
c°ntains two TextView Controls. The difference between the two containers is that the 
n^meContainer is laid out horizontally and the addressContainer is laid out vertically. Both 

these containers live within the parentContainer, which is the root view of the activity. 
'ter the containers have been built, the activity sets the content of the view to the root 

by ca||jng setContentView(parentContainer). When it comes time to render the Ul of 
e activity, the root view is called to render itself. The root view then calls its children to 

ehder themselves, and the child Controls cali their children, and so on, until the entire Ul is 
rendered.

shown in Listing 3-1, we have several LinearLayout Controls. Two of them are laid out 
really, anc| one jS laid out horizontally. The nameContainer is laid out horizontally. This

। $ans the two TextView Controls appear side by side horizontally. The addressContainer 
aid out vertically, which means the two TextView Controls are stacked one on top of 
other. The parentContainer is also laid out vertically, which is why the nameContainer

^PPears above the addressContainer. Notę a subtle difference between the two vertically 
u ~°ut containers, addressContainer and parentContainer. parentContainer is set to take 

he entire width and height of the screen:

parentContainer.setLayoutParams(new LayoutParams(LayoutParams.FILL_PARENT, 
LayoutParams.FILL_PARENT));

addressContainer wraps its content vertically:

dre$sContainer.setLayoutParams(new LayoutParams(LayoutParams.FILL_PARENT, 
LayoutParams.WRAP_CONTENT));

ddim an°^er way- WRAP_CONTENT means the view should take just the space it needs in that 
thisenS'°n and no more’ UP t0 what the containing view will allow. For the addressContainer, 
dum17163118 the c°ntainer will take two lines vertically, because thafs all it needs for the 

address we have provided.

^U*lding a Ul Completely in XML
No w let’e k -i
the re S DUI d tpie same Ul in XML (see Listing 3-2). XML layout files are stored under 
Andr °Urces (/res/) directory in a folder called layout. To try this example, create a new 
xml i pr°ject in Eclipse. By default, you will get an XML layout file named activity_main. 
conte under the res/layout folder. Double-click activity_main.xml to see the 
at the S' ^cliPse display a visual editor for your layout file. You probably have a string 
activit °P view that says Wor|d, MainActivity!” or something like that. Click the 
This rev ma'n-Xml tab at the bottom of the view to see the XML of the activity_main.xml file, 
tab, Or ?als a LinearLayout and a TextView control. Using either the Layout or activity_main.xml 

°th, re-create Listing 3-2 in the activity_main.xml file. Save it.
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Listing 3-2. Creating a User Interface Entirely in XML
<?xml version="l.O" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" android:layout_width="fill_parent" 
android:layout_height="fill_parent">
<!- NAME CONTAINER -->
<LinearLayout android:orientation="horizontal" android:layout_width="fill_parent' 

android:layout_height="wrap_content">

<TextView android:layout_width="wrap_content" 
android:layout_height="wrap_content" android:text="Name:" />

<TextView android:layout_width="wrap_content" 
android:layout_height="wrap_content" android:text="John Doe" />

</LinearLayout>

<!-- ADDRESS CONTAINER -->
<LinearLayout android:orientation="vertical" android:layout_width="fill_parent"

android:layout_height=”wrap_content">

<TextView android:layout_width="fill_parent" 
android:layout_height="wrap_content" android:text="Address:" />

<TextView android:layoutjvidth="fill_parent" 
android:layout_height="wrap_content" android:text="911 Hollywood Blvd" /> 

</LinearLayout>

</LinearLayout>

Under your new projects src directory, there is a . java file containing an Activity class 
definition. Double-click that file to see its contents. Notice the statement setContentView 
(R.layout.activity_main). The XML snippet shown in Listing 3-2, combined with a cali 
to setContentView(R.layout.activity_main), will render the same Ul as before when we 
generated it completely in codę. The XML file is self-explanatory, but notę that we have three 
Container views defined. The first LinearLayout is the equivalent of our parent Container. 
This Container sets its orientation to vertical by setting the corresponding property like 
this: android:orientation="vertical". The parent Container contains two LinearLayout 
containers, which represent nameContainer and addressContainer.

Running this application will produce the same Ul as our previous example application. 
The labels and values will be displayed as shown in Figurę 3-1.

Building a Ul in XML with Codę
Listing 3-2 is a contrived example. It doesn’t make any sense to hard-code the values of 
the TextView Controls in the XML layout. Ideally, we should design our Uls in XML and then 
reference the Controls from codę. This approach enables us to bind dynamie data to the 
Controls defined at design time. In fact, this is the recommended approach. It is fairly easy1 
build layouts in XML and then use codę to populate the dynamie data.

http://schemas.android.com/apk/res/android
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Listing 3-3 shows the same Ul with slightly different XML. This XML assigns IDs to the 
extView Controls so that we can refer to them in codę.

listing 3-3. Creating a User Interface in XML with IDs
<?xml version="i.o" encoding="utf-8"?>

lnearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical" android:layout_width="fill_parent"
android:layout_height="fill_parent">
<!y NAME CONTAINER ->
<LinearLayout android: orientation=“horizontal" android:layout_width="fill_parent" 

android:layout_height="wrap_content">

<TextView android:layout_width="wrap_content"
android:layout_height="wrap_content" android:text="@string/name_text" />

<TextView android: id="@+id/nameValue" 
android:layout_width="wrap_content" android:layout_height="wrap_content" />

<?,LinearLayout>

<!;- ADDRESS CONTAINER -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" android:layout_width="fill_parent" 
android:layout_height="wrap_content">

<TextView android:layout_width="fill_parent"
android:layout_height="wrap_content" android:text="@string/addr_text" />

<TextView android:id="@+id/addrValue" 
,android:layout_width=''fill_parent" android:layout_height="wrap_content" />

< LinearLayout>

^nearLayout>

We^^'00 to addin9 the IDs to the TextView Controls that we want to populate from codę, 
resOt|S° label TextView Controls that we’re populating with text from our strings 
actua|Ce f'16’ These are the TextViews without IDs that have an android :text attribute. The 
f°lder pr'n^s for these TextViews will come from our strings.xml file in the /res/values 

■ Listing 3-4 shows what our strings.xml file might look like.
Listing 3.4 _, .

■ brings. xml File for Listing 3-3
<resouJcesJ°n="1’0" encoding="utf-8',?>

^ring name="app_name">Common Controls</string> 
name="name_text">Name:</string>

</resource^ name="addr_text">Address:</string>

the x^e in Listing 3-5 demonstrates how you can obtain references to the Controls defined in 
0 set their properties. You might put this into your onCreate() method for your activity.

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
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Listing 3-5. Referring to Controls in Resources at Runtime

setContentView(R.layout.activity_main);
TextView nameValue = (TextView)findViewById(R.id.nameValue);
nameValue.setText("John Doe");
TextView addrValue = (TextView)findViewById(R.id.addrValue); 
addrValue.setText("911 Hollywood Blvd.");

The codę in Listing 3-5 is straightforward, but notę that we load the resource by calling 
setContentView(R.layout.activity_main) before calling findViewById()—we cannot get 
references to views if they have not been loaded yet.

The developers of Android have done a nice job of making just about every aspect of a 
control settable via XML or codę. It’s usually a good idea to set the controFs attributes in the 
XML layout file rather than using codę. However, there will be a yariety of times when you 
need to use codę, such as setting a value to be displayed to the user.

FILL_PARENT vs. MATCH_PARENT
The constant FILL_PARENT was deprecated in Android 2.2 and replaced with MATCH_PARENT. 
This was strictly a name change, though. The value of this constant is still -1. Similarly, for 
XML layouts, fill_parent was replaced with match_parent. So what value do you use? 
Instead of FILL_PARENT or MATCH_PARENT, you could simply use the value -1, and you’d be 
fine. However, this isn’t very easy to read, and you don’t have an equivalent unnamed value 
to use with your XML layouts. There’s a better way.
Depending on which Android APls you need to use in your application, you can either build 
your application against a version of Android before 2.2 and rely on forward compatibility of 
build your application against version 2.2 or later of Android and set minSdkVersion to the 
lowest version of Android your application will run on. For example, if you only need APls 
that existed in Android 1.6, build against Android 1.6 and use FILL_PARENT and fill_parent’ 
Your application should run with no problems in all later versions of Android including 
2.2 and beyond. If you need APls from Android 2.2 or later, go ahead and build against 
that yersion of Android, use MATCH_PARENT and match_parent, and set minSdkVersion to 
something older: for example, 4 (for Android 1.6). You can still deploy an Android application 
built in Android 2.2 to an older version of Android, but you’II have to be careful about the 
classes and/or methods that aren’t in the earlier releases of the Android SDK. There are 
ways around this, such as using reflection or creating wrapper classes to handle difference5 
in Android yersions. We will cover those advanced topics in later chapters.

Understanding Android’s Common Controls
We will now start our discussion of the common Controls in the Android SDK. We’ll start wi^ 
text Controls and then cover buttons, check boxes, radio buttons, lists, grids, datę and tir^e 
Controls, and a map-view control. These will go hand in hand with the layout Controls we 
introduce in Chapter 4.
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Text Controls
Controls are likely to be the first type of control that you’ll work with in Android. Android 

^as a complete but not overwhelming set of text Controls. In this section, we are going to 
IScuss the TextView, EditText, AutoCompleteTextView, and MultiAutoCompleteTextView 

c°ntrois. Figurę 3-2 shows the Controls in action.
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Surę 3.3 rext controis jn Android

^extView
t0 h?e already seen a simple XML specification for a TextView control, in Listing 3-3, and how 
VaiUg 'e TextViews in codę in Listing 3-4. Notice how we specified the ID, width, height, and 
contr text 'n and how we set the value using the setText() method. The TextView 
that th ^nows how to display text but does not allow editing. This might lead you to conclude 
interp $ c°ntrol is essentially a dummy label. Not true. The TextView control has a few
is goi S ln9 Properties that make it very handy. If you know that the content of the TextView 
Proper? to contain a web URL or an e-mail address, for example, you can set the autoLink 
Mcreo t0 email I web, and the control will find and highlight any e-mail addresses and URLs. 
launch'er' when the user clicks one of these highlighted items, the system will take care of 
this attlnK e'mail application with the e-mail address or a browser with the URL. In XML, 

r|bute would be inside the TextView tag and would look something like this:
<Te*tView

android:autoLink="email|web"
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You specify a pipe-delimited set of values including web, email, phone, or map, or use nonę 
(the default) or all. If you want to set autoLink behavior in codę instead of using XML, the 
corresponding method cali is setAutoLinkMask(). You would pass it an int representing 
the combination of values sort of like before, such as Linkify.EMAIL_ADDRESSES|Linkify- 
WEB_URLS. To achieve this functionality, TextView is utilizing the android.text.util.Linkify 
class. Listing 3-6 shows an example of auto-linking with codę.

Listing 3-6. Using Linkify on Text in a TextView
TextView tv =(TextView)this.findViewById(R.id.tv);
tv.setAutoLinkMask(Linkify.ALL);
tv.setText("Please visit my website, http://www.androidbook.com 
or email me at davemac327@gmail.com.");

Notice that we set the auto-link options on our TextView before we set the text. This is 
important because setting the auto-link options after setting the text won’t affect the existing 
text. Because we’re using codę to add hyperlinks to our text, our XML for the TextView in 
Listing 3-6 does not require any special attributes and can look as simple as this:

<TextView android:id="@+id/tv" android:layout_width="wrap_content"
android:layout_height="wrap_content"/>

If you want to, you can invoke the static addLinks() method of the Linkify class to find 
and add links to the content of any TextView or any Spannable on demand. Instead of using 
setAutoLinkMask(), we could have done the following after setting the text:

Linkify.addLinks(tv, Linkify.ALL);

Clicking a link will cause the default intent to be called for that action. For example, clicking 
a web URL will launch the browser with the URL. Clicking a phone number will launch the 
phone dialer, and so on. The Linkify class can perform this work right out of the box.

Linkify can also detect custom patterns you want to look for, decide whether they are a 
match for something you decide needs to be clickable, and set up how to fire an intent to 
make a click turn into some sort of action. We won’t go into those details here, but know 
that these things can be done.
There are many more features of TextView to explore, from font attributes to minLines and 
maxLines and many more. These are fairly self-explanatory, and you are encouraged to 
experiment to see how you might be able to use them. Although you should keep in mind 
that some functionality in the TextView class is not applicable to a read-only field, the 
functionality is there for the subclasses of TextView, one of which we will cover next.

EditText
The EditText control is a subclass of TextView. As suggested by the name, the EditText 
control allows for text editing. EditText is not as powerful as the text-editing Controls that 
you find on the Internet, but users of Android-based devices probably won’t type documen 
directly into an EditText control—they’ll type a couple of paragraphs at most or use a more 
fully functional HTML-based page instead. Therefore, the class has limited but appropriate 
functionality and may even surprise you. For example, one of the most significant propedi® 

http://www.androidbook.com
mailto:davemac327@gmail.com
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° an EditText is the inputType. You can set the inputType property to textAutoCorrect to
ave the control correct common misspellings. You can set it to textCapWords to have the

^f^trol capitalize words. Other options expect only phone numbers or passwords.
^ere are older, now deprecated, ways of specifying capitalization, multiline text, and other 
. atures. If these are specified without an inputType property, they can be read; but if 
lnPutType is specified, these older properties are ignored.
Thea e old default behavior of the EditText control is to display text on one linę and expand 

needed. In other words, if the user types past the first linę, another linę will appear, 
d so on. You could, however, force the user to a single linę by setting the singleLine 
°Perty to true. In this case, the user will have to continue typing on the same linę. With

jf PutType, if you don’t specify textMultiLine, the EditText will default to single-line only. So 
y°u want the old default behavior of multiline typing, you need to specify inputType with

IextMultiLine.
?ne of ^e nice features of EditText is that you can specify hint text. This text will be

of th ed sll9ht|y faded and disappears as soon as the user starts to type text. The purpose 
s he hint is to let the user know what is expected in this field, without the user having to 
Or ect and erase default text. In XML, this attribute is android :hint="your hint text here" 
of android:hint="@string/your_hint_name", where your_hint_name is a resource name

to be found in /res/values/strings.xml. In codę, you would cali the setHint() 
°d with either a CharSequence or a resource ID.

^utoCompieteTextView
$ AutoCompleteTextView control is a TextView with auto-complete functionality. In other 

List' S’ aS the user ^P65 in the TextView, the control can display suggestions for selection. 
demonstrates the AutoCompleteTextView control with XML and with theCOrresPonding codę.

^tina3.7 n .'• usmg an AutoCompleteTextView Control
<AutoCompleteTextView android:id="@+id/actv"
Auto/1 r°id:lay°ut_width="fill_parent" android:layout_height="wrap_content" /> 

°mPleteTextView actv = (AutoCompleteTextView) this.findViewBy!d(R.id.actv);

yAdapter<string> aa = new ArrayAdapter<String>(this,
android.R.layout.simple_dropdown_item_lline,
new String[] {"English", "Hebrew", "Hindi", "Spanish", 
"German", "Greek" });

C^V'Se^Adapter(aa);

The Autor
examDi OLomPleteTextView control shown in Listing 3-7 suggests a language to the user. For 
recom e'tbe user types en, the control suggests English. If the user types gr, the control 

mrhends Greek, and so on.
f hava
that c0 t USed a suggestion control or a similar auto-complete control, you know 
sugg ..rols this have two parts: a text-view control and a control that displays the 

yBstion(s) That,s the generał concept. To use a control like this, you have to create the
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control, create the list of suggestions, tell the control the list of suggestions, and possibly tell
the control how to display the suggestions. Alternatively, you could create a second control
for the suggestions and then associate the two Controls.

Android has madę this simple, as is evident from Listing 3-7. To use an 
AutoCompleteTextView, you can define the control in your layout file and reference it in your 
activity. You then create an adapter class that holds the suggestions and define the ID of 
the control that will show the suggestion (in this case, a simple list item). In Listing 3-7, the 
second parameter to the ArrayAdapter tells the adapter to use a simple list item to show the 
suggestion. The finał step is to associate the adapter with the AutoCompleteTextView, which 
you do using the setAdapter() method. Don’t worry about the adapter for the moment; we’H 
cover those later in this chapter.

MultiAutoCompleteTextView
If you have played with the AutoCompleteTextView control, you know that the control offers 
suggestions only for the entire text in the text view. In other words, if you type a sentence, 
you don’t get suggestions for each word. That’s where MultiAutoCompleteTextView comes 
in. You can use the MultiAutoCompleteTextView to provide suggestions as the user types. 
For example, Figure 3-2 shows that the user typed the word English followed by a comma. 
and then Ge, at which point the control suggested German. If the user were to continue, the 
control would offer additional suggestions.
Using the MultiAutoCompleteTextView is like using the AutoCompleteTextView. The differenc® 
is that you have to tell the control where to start suggesting again. For example, in Figure 3-2. 
you can see that the control can offer suggestions at the beginning of the sentence and after it 
sees a comma. The MultiAutoCompleteTextView control requires that you give it a tokenizer tha 
can parse the sentence and tell it whether to start suggesting again. Listing 3-8 demonstrates 
using the MultiAutoCompleteTextView control with the XML and then the Java codę.

Listing 3-8. Using the MultiAutoCompleteTextView Control
<MultiAutoCompleteTextView android:id="@+id/mactv"

android:layout_width="fill_parent" android:layout_height="wrap_content" />

MultiAutoCompleteTextView mactv = (MultiAutoCompleteTextView) this 
.findViewBy!d(R.id.mactv);

ArrayAdapter<String> aa2 = new ArrayAdapter<String>(this, 
android.R.layout.simple_dropdown_item_lline, 

new String[] {"English", "Hebrew", "Hindi", "Spanish", "German", "Greek" });

mactv.setAdapter(aa2);

mactv.setTokenizer(new MultiAutoCompleteTextView.CommaTokenizer());

The only significant differences between Listings 3-7 and 3-8 are the use of 
MultiAutoCompleteTextView and the cali to the setTokenizer() method. Because of the 
CommaTokenizer in this case, after a comma is typed into the EditText field, the field will 
again make suggestions using the array of strings. Any other characters typed in will not 
trigger the field to make suggestions. So even if you were to type French Spani, the part'3
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Word Spani would not trigger the suggestion because it did not follow a comma. Android 
Pr°vides another tokenizer for e-mail addresses called Rfc822Tokenizer. You can always 
Create your own tokenizer if you want to.

Button Controls
Buttons are common in any widget toolkit, and Android is no exception. Android offers the 
yp>cal set of buttons as well as a few extras. In this section, we will discuss three types of 

। ton Controls: the basie button, the image button, and the toggle button. Figure 3-3 shows 
. U| with these Controls. The button at the top is the basie button, the middle button is an 
lmage button, and the last one is a toggle button.

Sure 3-3. Android button Controls

ets 9et started with the basie button.

T,1e Button Control

Of l basic button class in Android is android.widget.Button. There’s not much to this type
l n’ beyond b°w y°u use handle click events. Listing 3-9 shows a fragment of an 

rneth ay°ut for the Button control, plus some Java that we might set up in the onCreate() 
d of our activity. Our basie button would look like the top button in Figure 3-3.

n93-g, Handling Click Events on a Button

and a?dr°id:id="@+id/buttonl"
a r°^:text="@string/basicBtnLabel" 
^r°id:layout_width="fill_parent" 
aroid: layout_height="wrap_content" /> 
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Button buttonl = (Button)this.findViewById(R.id.buttonl); 
buttonl.setOnClickListener(new OnClickListener() 
{

public void onClick(View v)
{

Intent intent = new Intent(Intent.ACTION_VIEW,
Uri.parse("http://www.androidbook.com")); 

startActivity(intent);
}

});

Listing 3-9 shows how to register for a button-click event. You register for the on-click event 
by calling the setOnClickListener() method with an OnClickListener. In Listing 3-9, an 
anonymous listener is created on the fly to handle click events for buttonl. When the button 
is clicked, the onClick() method of the listener is called and, in this case, launches the 
browser to our web site.

Since Android SDK 1.6, there is an easier way to set up a click handler for your button or 
buttons. Listing 3-10 shows the XML for a Button where you specify an attribute for the 
handler, plus the Java codę that is the click handler.

Listing 3-10. Setting Up a Click Handler for a Button
<Button ... android:onClick="myClickHandler" ... />

public void myClickHandler(View target) { 
switch(target.getld()) { 
case R.id.buttonl:

The handler method will be called with target set to the View object representing the button 
that was clicked. Notice how the switch statement in the click handler method uses the 
resource IDs of the buttons to select the logie to run. Using this method means you won’t 
have to explicitly create each Button object in your codę, and you can reuse the same 
method across multiple buttons. This makes things easier to understand and maintain. This 
works with the other button types as well.

The ImageButton Control
Android provides an image button via android.widget.ImageButton. Using an image buttoh 
is similar to using the basie button (see Listing 3-11). Our image button would look like the 
middle button in Figure 3-3.

Listing 3-11. Using an ImageButton
<ImageButton android:id="@+id/imageButton2"

android:layout_width="wrap_content" android:layout_height="wrap_content"
android:onClick="myClickHandler" 
android:src="@drawable/icon" />

ImageButton imageButton2 = (ImageButton)this.findViewById(R.id.imageButton2); 
imageButton2.setImageResource(R.drawable.icon);

http://www.androidbook.com
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ere we’ve created the image button in XML and set the button’s image from a drawable
source. The image file for the button must exist under /res/drawable. In our case, we’re

lrpPly reusing the Android icon for the button. We also show in Listing 3-11 how you can
the button’s image dynamically by calling set!mageResource() method on the button and 

ssing it a resource ID. Notę that you only need to do one or the other. You don’t need to 
Pecify the button image both in the XML file and in codę.

^ne of the nice features of an image button is that you can specify a transparent 
c*ground for the button. The result will be a clickable image that acts like a button but

. n look like whatever you want it to look like. Just set android:background="@null" for the 
^age button.
$®cause your image may be something very different than a standard button, you can 

g ,Orhize how the button looks in the two other States it can be in when used in your Ul. 
foc^^^ aPPeahng as normal, buttons can have focus, and they can be pressed. Having 
buttS S'mply means the button is currently where events will go. You can direct focus to a 
butt°n.USin9 the arrow keVs on the keypad or D-pad, for example. Pressed means that the 
^11 A0’3 apPearance changes when it has been pressed but before the user has let go. To 
s , Ąnc|roid what the three images are for our button, and which one is which, we set up a 
fo|pCt°r' ^'s 's a simPle XML fHe> imagebuttonselector, that resides in the /res/drawable 
an er °f our project. This is somewhat counterintuitive, because this is an XML file and not 

file, yet that is where the selector file must go. The content of a selector file will
k like Listing 3-12.

tin9 3-12. Using a Selector with an ImageButton
<?Xml version="i.o" encoding="utf-8"?>

<selector xmlns:android="http://schemas.android.com/apk/res/android">
<item android:state_pressed="true"

android:drawable="@drawable/button_pressed" /> <!-- pressed --> 
^tem android:state_focused="true"

android:drawable="@drawable/button_focused" /> <!-- focused --> 
'item android:drawable="@drawable/icon" /> <!-- default -->

</selector>

<tes dre several thingsto notę about the selector file. First, you do not specify a 
Ąnc|0Urces> tag as in values XML files. Second, the order of the button images is important. 
the r°'d W'H test each item in the selector, in order, to see if it matches. Therefore, you want 
Poes°rrnal ima9e t0 be last so is used on|y the button is not pressed and if the button 
sei n°t have focus. If the normal image was listed first, it would always match and be

eVen the button is Pressed or has focus. Of course, the drawables you refer to 
file exist 'n the /res/drawables folder. In the definition of your button in the layout XML 
dra'J°U Want to set the android:src property to the selectorXML file as if it were a regular 

Wable, |ike so;

<Button
android:src="@drawable/imagebuttonselector" ... />

http://schemas.android.com/apk/res/android
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The ToggleButton Control
The ToggleButton control, like a check box or a radio button, is a two-state button. This 
button can be in either the On or Off State. As shown in Figure 3-3, the ToggleButton’s 
default behavior is to show a colored bar when in the On state and a grayed-out bar when 
in the Off state. Moreover, the default behavior also sets the button’s text to On when ifs in 
the On state and Off when ifs in the Off state. You can modify the text for the ToggleButton 
if On/Off is not appropriate for your application. For example, if you have a background 
process that you want to start and stop via a ToggleButton, you could set the button’s text 
to Stop and Run by using android :textOn and android :textOff properties.

Listing 3-13 shows an example. Our toggle button is the bottom button in Figure 3-3, and it 
is in the On position, so the label on the button says Stop.

Listing 3-13. The Android ToggleButton
<ToggleButton android:id="@+id/cctglBtn" 

android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:text="Toggle Button" 
android:textOn="Stop" 
android:textOff="Run"/>

Because ToggleButtons have on and off text as separate attributes, the android :text 
attribute of a ToggleButton is not really used. Ifs available because it has been inherited 
(from TextView), but in this case, you don’t need to use it.

The CheckBox Control
The CheckBox control is another two-state button that allows the user to toggle its state.
The difference is that, for many situations, the users don’t view it as a button that invokes 
immediate action. From Android’s point of view, however, it is a button, and you can do 
anything with a check box that you can do with a button.
In Android, you can create a check box by creating an instance of android.widget.CheckB°x' 
See Listing 3-14 and Figure 3-4.

Listing 3-14. Creating Check Boxes
cLinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation=“vertical"
android:layout_width="fill_parent"
android:layout_height=”fill_parent">

<CheckBox android:id="@+id/chickenCB"
android:text="Chicken"
android:checked="true"
android:layout_width=""wrap_content"
android:layout_height="wrap_content" />

http://schemas.android.com/apk/res/android
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<CheckBox android:id="@+id/fishCB" 
android:text="Fish"
android:layout_width="wrap_content"
android:layout_height="wrap_content" />

<CheckBox android:id="@+id/steakCB"
android:text="Steak"
android:checked="true"
android:layout_width="wrap_content"
android:layout_height="wrap_content" />

<;,LinearLayout>

Bure 3.4 Usjng the checkBox controi

t$6U rnanage the state of a check box by calling setChecked() or toggle(). You can obtain
। state by calling isChecked().

Cgn°u need to implement specific logie when a check box is checked or unchecked, you 
,re9'sterforthe on-checked event by calling setOnCheckedChangeListener() with an 

t0. kation of the CompoundButton.OnCheckedChangeListener interface. You’ll then have 
che ?ernent the onCheckedChanged() method, which will be called when the check box is 

ked or unchecked. Listing 3-15 show some codę that deals with a CheckBox.

Listing3 ic .a J i5. Using Check Boxes in Codę
Public class CheckBoxActivity extends Activity {

Called when the activity is first created. */ 
@0verride
Public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.checkbox);

CheckBox fishCB = (CheckBox)findViewById(R.id.fishCB);

if(fishCB.isChecked())
fishCB.toggle(); II flips the checkbox to unchecked if it was checked
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fishCB.setOnCheckedChangeListener(
new CompoundButton.OnCheckedChangeListener() {

@0verride
public void onCheckedChanged(CompoundButton argO, boolean isChecked) { 

Log.v("CheckBoxActivity", "The fish checkbox is now "
+ (isChecked?"checked":"not checked"));

}});
}

}

The nice part of setting up the OnCheckedChangeListener is that you are passed the new 
state of the CheckBox button. You could instead use the OnClickListener technique as 
we used with basie buttons. When the onClick() method is called, you would need 
to determine the new state of the button by casting it appropriately and then calling 
isChecked() on it. Listing 3-16 shows what this codę might look like if we added android:on 
Click="myClickHandler" to the XML definition of our CheckBox buttons.

Listing 3-16. Using Check Boxes in Codę with android:onClick
public void myClickHandler(View view) { 

switch(view.getld()) { 
case R.id.steakCB:

Log.v("CheckBoxActivity", "The steak checkbox is now " +
(((CheckBox)view).isChecked()?"checked":"not checked"));

}
}

The Switch Control
The Switch widget was introduced in Android 4.0 and provides very similar behavior to the 
CheckBox. In fact, the two widgets are so similar, you’ll almost certainly get a sense of deja 
vu when reviewing the codę for a Switch object. Many people (including some of this book’s 
authors) believe that the Switch was introduced for aesthetic reasons morę than anything. The 
trend in Ul design in the last few years has been toward the skewmorphic ideał of widgets 
looking like real-world things, and a Switch is a concrete selector in the real world—not many 
kitchen appliances have a CheckBox after all.

The Switch similarities to the CheckBox control extend to common methods for examining 
and changing state. This mimicking of methods includes setChecked() to turn the Switch on- 
isChecked() to test current state, and so on. One aesthetic difference offered by the Switch 
widget is the ability to change the associated text between States. Additional methods are 
available to control this text:

■ getTextOn(): returns the text displayed if the Switch is on.

■ getTextOff (): returns the text displayed if the Switch is off.

■ setTextOn(): sets the text to be displayed if the Switch is on. While good 
design would usually mean one wouldn’t change the text, there are a few 
cases where a live update of some metric in the switch text can be helpful.

■ setTextOff(): sets the text to be displayed if the Switch is off.
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An example layout including a Switch is shown in Listing 3-17.

Listing 3- / 7 Creating a Layout Using a Switch
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" 
android:layout_width="fill_parent" 
android:layout_height="fill_parent">

<Switch
android:id="@+id/switchdemo"
android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:text=“This switch is: off" />

</LinearLayout>

Caution Remember that “switch” is a reserved word in Java. So we use an ID that doesn’t clash.

^•e codę for our example Switch in Listing 3-18 should provoke those feelings of deja vu we 
ent'°ned with respect to the CheckBox control.

isting 3-18. Controlling Switch Behavior in Codę

P im^i Class SwitchDemo extends Activity 
CompeundButton .OnCheckedChangeListener {

@°verride
Public void onCreate(Bundle icicle) {

SuPer.onCreate(icicle);

The

setContentView(R.layout.main);

^w=(Switch)findViewById(R .id.switchdemo);
j •setOnCheckedChangeListener(this);

P blic void onCheckedChanged(CompoundButton buttonView, 
jr .. boolean isChecked) {

+ (isChecked) {
} sw,setTextOn("This switch is: on"); 

else {
। Sw-setTextOff("This switch is: off");

esults of our Switch work are showing in Figurę 3-5.

http://schemas.android.com/apk/res/android
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5 A 6:30 £ 6:33

SwitchExample '» SwitchExample

The switch is off OFF The switch is on ON

Figure 3-5. Using theSwitch control

The RadioButton Control
RadioButton Controls are an Integra! part of any Ul toolkit. A radio button gives the users 
several choices and forces them to select a single item. To enforce this single-selection 
model, radio buttons generally belong to a group, and each group is forced to have only or,e 
item selected at a time.

To create a group of radio buttons in Android, first create a RadioGroup, and then populate 
the group with radio buttons. Listing 3-19 and Figure 3-6 show an example.

Listing 3-19. Using Android RadioButton Widgets
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent">

<RadioGroup
android:id="@+id/rBtnGrp"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:orientation="vertical" >

<RadioButton
android:id="@+id/chRBtn"
android:text="Chicken"
android:layout_width="wrap_content"
android:layout_height="wrap_content"/>

<RadioButton
android:id="@+id/fishRBtn"
android:text="Fish"
android:checked="true"
android:layout_width="wrap_content"
android:layout_height="wrap_content"/>

http://schemas.android.com/apk/res/android
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<RadioButton
android:id="@+id/stkRBtn"
android:text="Steak"
android:layout_width="wrap_content”
android:layout_height="wrap_content"/>

</RadioCroup>

LinearLayout^

Surę 3-6. Using radio buttons

bj^droid, you implement a radio group using android.widget.RadioCroup and a radio 
On using android.widget.RadioButton.

With6 ^at rac*'° buttons within the radio group are, by default, unchecked to begin 
m > although you can set one to checked in the XML definition, as we did with Fish in 
0, ln9 $T° set one of the rac*io buttons to the checked state programmatically, you can 

a'n a reference to the radio button and cali setChecked():

st^^ton steakBtn = (RadioButton)this.findViewById(R.id.stkRBtn); 
ea^®tn.setChecked(true);

can also use the toggle() method to toggle the State of the radio button. As with the 
Se+n °x contr°l> you will be notified of on-checked or on-unchecked events if you cali the 
. nCheckedChangeListener() with an implementation of the OnCheckedChangeListener 
Tiy ace' There is a slight difference here, though. This is a different class than before.

*t s technically the RadioGroup.OnCheckedChangeListener class acting for the 
loGroup, whereas before it was the CompoundButton.OnCheckedChangeListener class.

Lilt ^dioGroup can also contain views other than the radio button. For example,
(an adds a TextView after the last radio button. Also notę that the first radio button 

°therRadBtn) lies outside the radio group.



90 CHAPTER 3: Building Basic User Interfaces and Using Controls

Listing 3-20. A RadioGroup with More Than JustRadioButtons

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 
android:orientation="vertical" android:layout_width="fill parent" 
android:layout_height="fill_parent">

<RadioButton android:id=”@+id/anotherRadBtn" 
android:text="Outside"
android:layout_width="wrap_content" 
android:layout_height="wrap_content"/>

<RadioGroup android:id="@+id/radGrp" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content">

<RadioButton android:id="@+id/chRBtn"
android:text="Chicken"
android:layout_width="wrap_content" 
android:layout_height="wrap_content"/>

<RadioButton android:id="@+id/fishRBtn" 
android:text="Fish"
android:layout_width="wrap_content" 
android:layout_height="wrap_content"/>

<RadioButton android:id="@+id/stkRBtn" 
android:text="Steak"
android:layout_width="wrap_content" 
android:layout_height="wrap_content"/>

<TextView android:text="My Favorite" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content"/>

</RadioGroup>
</LinearLayout>

L 3'20,shows that y°u can have non-RadioButton Controls inside a radio group. You 
should also know that the radio group can only enforce single-selection on the radio buttons 
in its own Container. That is, the radio button with ID anotherRadBtn will not be affected by 
the radio group shown in Listing 3-20 because it is not one of the group’s children.

You can manipulate the RadioGroup programmatically. For example, you can obtain a 
reference to a radio group and add a radio button (or other type of control). Listing 3-21 
demonstrates this concept.

Listing 3-21. Adding a RadioButton to a RadioGroup in Codę
RadioGroup radGrp = (RadioGroup)findViewById(R.id.radGrp);
RadioButton newRadioBtn = new RadioButton(this);
newRadioBtn.setText("Pork");
radGrp.addView(newRadioBtn);

http://schemas.android.com/apk/res/android
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Once a user has checked a radio button within a radio group, the user cannot uncheck it
by clicking it again. The only way to elear all radio buttons in a radio group is to cali the
clearCheck() method on the RadioGroup programmatically.

Of course, you want to do something interesting with the RadioGroup. You probably 
don’t want to poll each RadioButton to determine whether ifs checked. Fortunately, the 
RadioGroup has several methods to help you out. We demonstrate those with Listing 3-22. 
The XML for this codę is in Listing 3-20.

Listing 3-22. Using a RadioGroup Programmatically
Public class RadioGroupActivity extends Activity {

protected static finał String TAG = "RadioGroupActivity";

/** Called when the activity is first created. */
@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.radiogroup);

RadioGroup radGrp = (RadioGroup)findViewById(R.id.radGrp);

int checkedRadioButtonld = radGrp.getCheckedRadioButton!d();

radGrp.setOnCheckedChangeListener(new RadioGroup.OnCheckedChangeListener() { 
@0verride
public void onCheckedChanged(RadioGroup argO, int id) { 

switch(id) { 
case -1:

Log.v(TAG, "Choices cleared!");
break;

case R.id.chRBtn:
Log.v(TAG, "Chose Chicken");
break;

case R.id.fishRBtn:
Log.v(TAG, "Chose Fish");
break;

case R.id.stkRBtn:
Log.v(TAG, "Chose Steak");
break;

default:
Log.v(TAG, "Huh?"); 
break;

}
}});

We can always get the currently checked RadioButton using getCheckedRadioButton!d(), 
^hich returns the resource ID of the checked item or -1 if nothing is checked (possible 
1 fhere’s no default and the user hasn’t chosen an option yet). We showed this in our 
OnCreate() method previously, but in reality, you’d want to use it at the appropriate time to
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read the user’s current choice. We can also set up a listener to be notified immediately when 
the user chooses one of the RadioButtons. Notice that the onCheckedChanged() method 
takes a RadioGroup parameter, allowing you to use the same OnCheckedChangeListener for 
multiple RadioGroups. You may have noticed the switch option of -1. This can also occur if 
the RadioGroup is cleared through codę using clearCheck().

The lmageView Control
One of the basie Controls we haven’t covered yet is the ImageVieW control. This is used to 
display an image where the image can come from a file, a content provider, or a resource 
rnlnr h evai? ®pecify Just a color> and the ImageVieW will display that
color. Listing 3-23 shows some XML examples of ImageViews, followed by some codę that 
shows how to create an ImageView. y

Listing 3-23. ImageViews in XML and in Codę
<ImageView android:id="@+id/imagel"

android:layout_width="wrap_content" android:layout height="Wrap content 
android:src= @drawable/icon" />

<ImageView android:id="@+id/image2"
android:layout_width="i25dip" android:layout_height="25dip" 
android:src="#555555" /> K

<ImageView android:id="@+id/image3" 
android:layout_width="wrap_content"

<ImageView android:id="@+id/image4" 
android: layout_width="wrap_content'' 
android:src="@drawable/manatee02"

android:layout_height="wrap_content" />

android:layout_height="wrap content"

android:scaleType="center!nside"
android:maxWidth="35dip" android:maxHeight="50dip"

ImageView imgView = (ImageView)findViewById(R.id.image3); 

imgView.setImageResource( R.drawable.icon );

imgView.setImageBitmap(BitmapFactory.decodeResource( 
this.getResources(), R.drawable.manateel4) );

imgView.set!mageDrawable(
Drawable.createFromPath("/mnt/sdcard/dave2.jpg") );

imgVieW.setImageURI(Uri.parse("file://mnt/sdcard/dave2.jpg"));

aDSicX^ haye four images defined in XML. The first is simply the icon for our 
not d IS a 9ray bar that is wider than ‘ttali. The third definition does
we can use from our codl? ÓUt WS associate an ID with this one (image3) that
we can use from our codę to set the image. The fourth image is another of our drawable 

file://mnt/sdcard/dave2.jpg
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image files where we not only specify the source of the image file but also set the maximum 
dimensions of the image on the screen and define what to do if the image is larger than our 
maximum size. In this case, we tell the ImageView to center and scalę the image so it fits 
lr|side the size we specified.
In the Java codę of Listing 3-23 we show several ways to set the image of image3. We first 
of course must get a reference to the ImageView by finding it using its resource ID. The first 
setter method, setImageResource(), simply uses the image’s resource ID to locate the image 
file to supply the image for our ImageView. The second setter uses the BitmapFactory to 
read in an image resource into a Bitmap object and then sets the ImageView to that Bitmap. 
Notę that we could have done some modifications to the Bitmap before applying it to our 
ImageView, but in our case, we used it as is. In addition, the BitmapFactory has several 
methods of creating a Bitmap, including from a byte array and an InputStream. You could 
use the InputStream method to read an image from a web server, create the Bitmap image, 
and then set the ImageView from there.
The third setting uses a Drawable for our image source. In this case, we’re showing the 
source of the image coming from the SD card. You’ll need to put some sort of image file 
out on the SD card with the proper name for this to work for you. Similar to BitmapFactory, 
the Drawable class has a few different ways to construct Drawables, including from an XML 
stream.

The finał setter method takes the URI of an image file and uses that as the image source. For 
this last cali, don’t think that you can use any image URI as the source. This method is really 
°nly intended to be used for local images on the device, not for images that you might find 
through HTTP. To use Internet-based images as the source for your ImageView, you’d most 
likely use BitmapFactory and an InputStream.

Datę and Time Controls
Datę and time Controls are common in many widget toolkits. Android offers several datę- and 
time-based Controls, some of which we’ll discuss in this section. Specifically, we are going 
to introduce the DatePicker, TimePicker, DigitalClock, and AnalogClock Controls.

The DatePicker and TimePicker Controls
As the names suggest, you use the DatePicker control to select a datę and the TimePicker 
control to pick a time. Listing 3-24 and Figurę 3-7 show examples of these Controls.

Listing 3-24. The DatePicker and TimePicker Controls in XML
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent">

<TextView android:id="@+id/dateDefault"
android:layout_width="fill_parent" android:layout_height="wrap_content" />

http://schemas.android.com/apk/res/android
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<DatePicker android:id="@+id/datePicker"
android:layout_width="wrap_content" android:layout_height="wrap_content" />

<TextView android:id="@+id/timeDefault"
android:layout_width="fill_parent" android:layout_height="wrap_content" />

<TimePicker android:id="@+id/timePicker"
android:layout_width="wrap_content" android:layout_height="wrap_content" /> 

</LinearLayout>

Figure 3-7. The DatePicker and TimePicker Uls

If you look at the XML layout, you can see that defining these Controls is easy. As with any 
other control in the Android toolkit, you can access the Controls programmatically to initialize 
them or to retrieve data from them. For example, you can initialize these Controls as shown 
in Listing 3-23.

Listing 3-25. Initializing the DatePicker and TimePicker with Datę and Time, Respectively
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.datetimepicker);

TextView dateDefault = (TextView)findViewById(R.id.dateDefault);
TextView timeDefault = (TextView)findViewById(R.id.timeDefault);
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DatePicker dp = (DatePicker)this.findViewById(R.id.datePicker);
II The month, and just the month, is zero-based. Add 1 for display.
dateDefault.setText("Date defaulted to " + (dp.getMonth() + 1) + +

dp.getDayOfMonth() + + dp.getYear());
II And here, subtract 1 from December (12) to set it to December 
dp.init(2OO8, 11, 10, nuli);

TimePicker tp = (TimePicker)this.findViewById(R.id.timePicker);

java.util.Formatter timeF = new java.util.Formatter();
timeF.format("Time defaulted to %d:%02d", tp.getCurrentHour(),

tp.getCurrentMinute());
timeDefault.setText(timeF.toString());

tp.set!s24HourView(true);
tp.setCurrentHour(new Integer(lO));
tp.setCurrentMinute(new Integer(io));

Listing 3-25 sets the datę on the DatePicker to December 10, 2008. Notę that for the month, 
the internal value is zero-based, which means that January is 0 and December is 11. For 
the TimePicker, the number of hours and minutes is set to 10. Notę also that this control 
supports 24-hour view. If you do not set values for these Controls, the default values will be 
the current datę and time as known to the device.

Finally, notę that Android offers versions of these Controls as modal Windows, such as 
OatePickerDialog and TimePickerDialog. These Controls are useful if you want to display 
the control to the user and force the user to make a selection. We’ll cover dialogs in more 
detail in Chapter 8.

The TextClock and AnalogCIock Controls
Android also offers TextClock and AnalogCIock Controls (see Figurę 3-8).

* 7:53

>$l Clock Demo

7:53:09 am

O o *

Figurę 3-8. Using the AnalogCIock andDigitalClock
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As shown, the text clock supports seconds in addition to hours and minutes. The analog clock 
in Android is a two-handed clock, with one hand for the hour indicator and the other hand for 
the minutę indicator. To add these to your layout, use the XML as shown in Listing 3-26.

Listing 3-26. Adding a DigitalClock or an AnalogClock inXML
<TextClock

android :layout_width="wrap_content" android :layout_height=''wrap_content"
android:formatl2Hour="hh:mm:ss aa" android:format24Hour="kk:mm:ss" /> 

<AnalogClock
android:layout_width="wrap_content" android:layout_height="wrap_content" />

These two Controls are really just for displaying the current time, as they don’t let you 
modify the datę or time. In other words, they are Controls whose only capability is to display 
the current time. Thus, if you want to change the datę or time, you’II need to stick to the 
DatePicker/TimePicker or DatePickerDialog/TimePickerDialog. The nice part about these 
two clocks, though, is that they will update themselves without you having to do anything. 
That is, the seconds tick away in the TextClock, and the hands move on the AnalogClock 
without anything extra from us.

The NlapView Control
With the introduction of Google Play Sen/ices, Android’s approach to displaying map-based 
data underwent some changes. However, the vast majority of developers still favor the 
original MapView Control for a rangę of reasons—backward compatibility, simplicity, and 
so on. As the name suggests, the com.google.android.maps.MapView control can display a 
map. You can instantiate this control either via XML layout or codę, but the activity that uses 
it must extend MapActivity. MapActivity takes care of multithreading requests to load a 
map, perform caching, and so on.

Notę Strictly, the MapView is part of the Google API, not the stock Android API. In order to test 
codę etc. for MapView, ensure your emulator is created against a version of the SDK with the 
Google APls included.
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Listing 3-27 shows an example instantiation of a MapView.

Listing 3-27. Creating a MapView Control via XML Layout
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" android:layout_width="fill_parent" 
android:layout Jieight="fill_parent">

<com. google. android, maps. MapView 
android:layout_width="fill_parent" 
android:layout_height="fill_parent" 
android:enabled="true" 
android:clickable="true" 
android:apiKey="myAPIKey" 
/>

</LinearLayout>

We’l| discuss the location-based sen/ices in detail in Chapter 19. This is also where you’ll 
learn how to obtain your own mapping API key.

References
Here are some helpful references to topics you may wish to explore further:

■  list of 
downloadable projects related to this book. For this chapter, look for a 
ZIP file called ProAndroid5_Ch03_Controls.zip. This ZIP file contains all 
projects from this chapter, listed in separate root directories. There is 
also a README.TXT file that describes exactly how to import projects into 
Eclipse from one of these ZIP files.

http://www.androidbook.com/proandroid5/projects:A

■ : 
Several “Layout Tricks”-type technical articles that are well worth 
reading. They get into performance aspects of designing and building 
Uls in Android. Look for other articles in this list related to building Uls.

http://developer.android.com/resources/articles/index.html

Summary
Let’s conclude this chapter by guickly enumerating what you have learned about building 
user interfaces:

■ How XML resources define Ul appearances, and how codę fills in the data

The fuli rangę of basie User Interface Controls available in Android

A hint of whats to come with List views in Chapter 4 and Layouts in 
Chapter 5.

http://schemas.android.com/apk/res/android
http://www.androidbook.com/proandroid5/projects:A
http://developer.android.com/resources/articles/index.html


Adapters and List Controls

Chapter

In Chapter 3, we introduced a rangę of basie User Interface Controls with which you can 
construct Android applications. If you recall the examples on TextView, one of the types of 
Controls we explored was the AutoCompleteTextView, which when coupled with a source 
of data—an adapter—was able to prompt the user with a rangę of predetermined values. In 
this chapter, we’ll explore adapters further, and the wider topie of list Controls that enable 
construction of more elaborate and sophisticated screen designs.

Understanding Adapters
Before we get into the details of list Controls of Android, we need to talk about adapters. List 
Controls are used to display collections of data. But instead of using a single type of control 
to manage both the display and the data, Android separates these two responsibilities into 
list Controls and adapters. List Controls are classes that extend android.widget.AdapterView 
ar>d include ListView, GridView, Spinner, and Gallery (see Figurę 4-1).

figurę 4-1. AdapterView class hierarchy

99
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AdapterView itself extends android.widget.ViewGroup, which means that ListView,
GridView, and so on are Container Controls. In other words, list Controls contain collections
of child views. The purpose of an adapter is to manage the data for an AdapterView
and to provide the child views for it. Let’s see how this works by examining the
SimpleCursorAdapter.

Getting to Know SimpleCursorAdapter
The SimpleCursorAdapter is depicted in Figure 4-2.

ResultsetListView

Figure 4-2. The SimpleCursorAdapter

This is a very important picture to understand. On the left side is the AdapterView; in this 
example, it is a ListView madę up of TextView children. On the right side is the data; in 
this example, its represented as a result set of data rows that came from a query against a 
content provider.

To map the data rows to the ListView, the SimpleCursorAdapter needs to have a child layout 
resource ID. The child layout must describe the layout for each of the data elements from 
the right side that should be displayed on the left side. A layout in this case is just like the 
layouts we’ve been working with for our activities, but it only needs to specify the layout 
of a single row of our ListView. For example, if you have a result set of information from 
the Contacts content provider, and you only want to display each contact name in your 
ListView, you would need to provide a layout to describe what the name field should look 
like. If you wanted to display the name and an image from the result set in each row of the 
ListView, your layout must say how to display the name and the image.

This does not mean you must provide a layout specification for every field in your result set, 
nor does it mean you must have a piece of data in your result set for everything you want 
to include in each row of the ListView. For example, we’ll show you in a bit how you can 
have check boxes in your ListView for selecting rows, and those check boxes don’t need 
to be set from data in a result set. We’ll also show you how to get to data in the result set 
that is not part of the ListView. And although we’ve just talked about ListViews, TextViews, 
cursors, and result sets, please keep in mind that the adapter concept is more generał than
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this. The left side can be a gallery, and the right side can be a simple array of images. But 
let’s keep things fairly simple for now and look at SimpleCursorAdapter in more detail.

The simplest constructor of SimpleCursorAdapter looks like this:

SimpleCursorAdapter(Context context, int childLayout, Cursor c, String[] from, int[] to)

This adapter converts a row from the cursor to a child view for the Container control. The 
definition of the child view is defined in an XML resource (childLayout parameter). Notę that 
because a row in the cursor might have many columns, you tell the SimpleCursorAdapter 
which columns you want to select from the row by specifying an array of column names 
(using the from parameter).

Similarly, because each column you select must be mapped to a View in the layout, you 
must specify the IDs in the to parameter. There’s a one-to-one mapping between the column 
you select and a View that displays the data in the column, so the from and to parameter 
arrays must have the same number of elements. As we mentioned before, the child view 
could contain other types of views; they don’t have to be TextViews. You could use an 
ImageView, for example.

There is a careful collaboration going on between the ListView and our adapter. When 
the ListView wants to display a row of data, it calls the getView() method of the adapter, 
passing in the'position to specify the row of data to be displayed. The adapter responds by 
building the appropriate child view using the layout that was set in the adapter’s constructor 
and by pulling the data from the appropriate record in the result set. The ListView, therefore, 
doesn’t have to deal with how the data exists on the adapter side; it only needs to cali 
for child views as needed. This is a critical point, because it means our ListView doesn’t 
necessarily need to create every child view for every data row. It really only needs to have 
as many child views as are necessary for whafs visible in the display window. If only ten 
rows are being displayed, technically the ListView needs to have only ten child layouts 
instantiated, even if there are hundreds of records in our result set. In reality, more than ten 
child layouts get instantiated, because Android usually keeps extras on hand to make it 
faster to bring a new row to visibility. The conclusion you should reach is that the child views 
managed by the ListView can be recycled. We’ll talk more about that a little later.

Figurę 4-2 reveals some flexibility in using adapters. Because the list control uses an 
adapter, you can substitute various types of adapters based on your data and child view. 
For example, if you are not going to populate an AdapterView from a content provider or 
database, you don’t have to use the SimpleCursorAdapter. You can opt for an even “simpler” 
adapter—the ArrayAdapter.

Getting to Know ArrayAdapter
The ArrayAdapter is the simplest of the adapters in Android. It specifically targets list 
Controls and assumes that TextView Controls represent the list items (the child views). 
Creating a new ArrayAdapter can look as simple as this:

ArrayAdapter<String> adapter = new ArrayAdapter<String>(this,
android.R.layout.simple_list_item_l, 
new String[]{"Da ve","Satya","Dylan"});
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We still pass the context (this) and a childLayout resource ID. But instead of passing a from 
array of data field specifications, we pass in an array of strings as the actual data. We don’t 
pass a cursor or a to array of View resource IDs. The assumption here is that our child layout 
consists of a single TextView, and that’s what the ArrayAdapter will use as the destination 
for the strings that are in our data array.

Now we’re going to introduce a nice shortcut for the childLayout resource ID. Instead of 
creating our own layout file for the list items, we can take advantage of predefined layouts 
in Android. Notice that the prefix on the resource for the child layout resource ID is android. 
Instead of looking in our local /res directory, Android looks in its own. You can browse to 
this folder by navigating to the Android SDK folder and looking under platforms/candroid- 
version>/data/res/layout. There you’ll find simple_list_item_i.xml and can see inside 
that it defines a simple TextView. That TextView is what our ArrayAdapter will use to create 
a view (in its getView() method) to give to the ListView. Feel free to browse through these 
folders to find predefined layouts for all sorts of uses. We’ll be using morę of these later.

ArrayAdapter has other constructors. If the childLayout is not a simple TextView, you 
can pass in the row layout resource ID plus the resource ID of the TextView to receive 
the data. When you don’t have a ready-made array of strings to pass in, you can use the 
createFromResource() method. Listings 4-1,4-2, and 4-3 show an example in which we 
create an ArrayAdapter for a spinner.

Listing 4-1. Manifest Fragment for Creating an ArrayAdapter from a String-Resource File
<Spinner android:id="@+id/spinner"

android:layout_width="wrap_content" android:layout_height="wrap_content" />

Listing 4-2. Codę Fragment for Creating an ArrayAdapter from a String-Resource File
Spinner spinner = (Spinner) findViewBy!d(R.id.spinner);

ArrayAdapter<CharSequence> adapter = ArrayAdapter.createFromResource(this, 
R.array.planets, android.R.layout.simple_spinner_item);

adapter.setDropDownViewResource(android.R.layout.simple_spinner_dropdown_item);

spinner.setAdapter(adapter);

Listing 4-3. The Actual String-Resource File
<?xml version="1.0" encoding="utf-8"?>
<!-- This file is /res/values/planets.xml -->
<resources>

<string-array name="planets">
<item>Mercury</item>
<item>Venus</item>
<item>Earth</item>
<item>Mars</item>
< item>1u piter</item>
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<item>Saturn</item>
<item>llranus</item>
<item>Neptune</item>

</string-array>
</resources>

The first listing is the XML layout for a spinner. The second Java listing in shows how you 
can create an ArrayAdapter whose data source is defined in a string resource file. Using this 
method allows you to not only externalize the contents of the list to an XML file but also use 
localized versions. We’ll talk about spinners a little later, but for now, know that a spinner has 
a view to show the currently selected value, plus a list view to show the values that can be 
selected from. It’s basically a drop-down menu. Listing 4-3 is the XML resource file called / 
res/values/planets.xml, which is read in to initialize the ArrayAdapter.

Worth mentioning is that the ArrayAdapter allows for dynamie modifications to the 
underlying data. For example, the add() method will append a new value on the end of the 
array. The insert() method will add a new value at a specified position within the array. 
And remove() takes an object out of the array. You can also cali sort() to reorder the array. 
Of course, once you’ve done this, the data array is out of sync with the ListView, so that’s 
when you cali the notifyDataSetChanged() method of the adapter. This method will resync 
the ListView with the adapter.

The following list summarizes the adapters that Android provides:

■ ArrayAdapter<T>: This is an adapter on top of a generic array of arbitrary 
objects. It’s meant to be used with a ListView.

■ CursorAdapter: This adapter, also meant to be used in a ListView, 
provides data to the list via a cursor.

■ SimpleAdapter: As the name suggests, this adapter is a simple adapter. 
It is generally used to populate a list with static data (possibly from 
resources).

■ ResourceCursorAdapter: This adapter extends CursorAdapter and knows 
how to create views from resources.

■ SimpleCursorAdapter: This adapter extends ResourceCursorAdapter and 
creates TextView/ImageView views from the columns in the cursor. The 
views are defined in resources.

We’ve covered enough of adapters to start showing you some real examples of working with 
adapters and list Controls (also known as AdapterViews). Lets get to it.

Using Adapters with AdapterViews
Now that you’ve been introduced to adapters, it is time to put them to work for us, providing 
data for list Controls. In this section, we’re going to first cover the basie list control, the 
ListView. Then, we’ll describe how to create your own custom adapter, and finally, we’ll 
describe the other types of list Controls: GridViews, spinners, and the gallery.
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The Basic List Control: ListView
The ListView control displays a list of items vertically. That is, if we’ve got a list of items to 
view and the number of items extends beyond what we can currently see in the display, we 
can scroll to see the rest of the items. You generally use a ListView by writing a new activity 
that extends android.app.ListActivity. ListActivity contains a ListView, and you set 
the data for the ListView by calling the setListAdapter() method.

As we described previously, adapters link list Controls to the data and help prepare the child 
views for the list control. Items in a ListView can be clicked to take immediate action or 
selected to act on the set of selected items later. We’re going to start really simple and then 
add functionality as we go.

Displaying Values in a ListView
Figurę 4-3 shows a ListView control in its simplest form.

Figurę 4-3. Using the ListView control

For this exercise, we will place a ListView into a default Android layout, with no special 
tweaks or changes, so you can see how they fit within a typical main layout XML file. 
Listing 4-4 shows the Java codę for our activity.

Listing 4-4. Adding Items to a ListView

public class MainActivity extends Activity {

private ListView listViewl;
private ArrayAdapter<String> listAdapterl;

@0verride
protected void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState) ;
setContentView(R.layout.activity_main);
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listViewl = (ListView) findViewBy!d(R.id.listViewl);

String[] someColors = new String[] { "Red", "Orange", "Yellow", 
"Green", "Blue", "Indigo", "Violet“, "Black", "White"};

ArrayList<String> colorArrayList = new ArrayList<String>(); 
colorArrayList.addAll( Arrays.asList(someColors) );

listAdapterl = new ArrayAdapter<String>(this, android.R.id.textl, 
colorArrayList);

listViewl.setAdapter( listAdapterl );
}

}”

Listing 4-2 creates a ListView control populated with the list of colors we specify in an array, 
someColors. In our example, we take the contents of the array and map the String color 
names to a TextView control (android. R. id. textl). After that, we create an array adapter 
and set the list’s adapter. The adapter class has the smarts to take the rows in whatever data 
source you provide to populate the Ul.
We could have taken advantage of the very basie ListActivity supplying the main layout, as 
there are no other Ul elements or complexity to take care of. However we’ve chosen to deploy 
the ListView within a typical new project and utilize the basie activity. We’re also using an 
Android-provided layout for our child view (resource ID android. R. layout. simple_list_item_l), 
which contains an Android-provided TextView (resource ID android.R.id.textl). All in all, pretty 
simple to set up.

We can extend this example, and your understanding, by showing how to replace the 
Android-provided layout for the child view with one of our own design. Create a new 
empty file in the res/layout folder of your project and name it simple_list_row.xml. 
Listing 4-5 shows the XML for our own layout for a simple TextView to represent each linę to 
be rendered in our ListView (or any other layout that refers to this simple_list_row layout).

Listing 4-5. Creating a Custom TextView Child View for List Rendering
<TextView xmlns:android="http:IIschemas.android.com/apk/res/android"
android:id="@+id/rowTextView"
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:padding="12dp" 
android:textSize="24sp" >

</TextView>

We need only change the reference that binds the chosen layout for use in the ListView in 
our codę, to use the new simplejist_row layout, like so:

listAdapterl = new ArrayAdapter<String>(this, R.layout.simple_list_row, 
colorArrayList);

http:IIschemas.android.com/apk/res/android
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Notę that when we refer to our own custom layout in this way, we drop the leading “android” 
reference. We can now run this example to see the complete effect, as shown in Figure 4-4.

Figure 4-4. The ListView example in action

Clickable Items in a ListView
Of course, when you run this example, you’ll see that you’re able to scroll up and down the list 
to see all your color names, but thafs about it. What if we want to do something a little more 
interesting with this example, like have the application respond when a user clicks one of the 
items in our ListView? Listing 4-6 shows a modification to our example to accept user input.

Listing 4-6. Accepting User Input on a ListView

public class MainActivity extends Activity {

private ListView listViewl;
private ArrayAdapter<String> listAdapterl;

@0verride
protected void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);
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listViewl = (ListView) findViewBy!d(R.id.listViewl);

Stringf] someColors = new String[] { "Red", "Orange", "Yellow", 
"Green", "Blue", "Indigo", "Violet", "Black", "White"};

ArrayList<String> colorArrayList = new ArrayList<String>();
colorArrayList.addAll( Arrays.asList(someColors) );

listAdapterl = new ArrayAdapter<String>(this, android.R.layout.simple_list_item_l, 
colorArrayList);

listViewl.setAdapter( listAdapterl );

listViewl.setOnItemClickListener(new OnItemClickListener() {

@0verride
public void on!temClick(AdapterView<?> parent, View view, int position 

, long id) {
String itemYalue = (String) listViewl.get!temAtPosition(position);
Toast.makeText(getApplicationContext(), itemValue, 

Toast.LENGTH_LONG).show();
} 

}); '
}

}"

Our activity is now implementing the OnltemClickListener interface, which means we’ll 
feceive a callback when the user clicks something in our ListView. As you can see by our 
°nItemClick() method, we get a lot of information about what was clicked, including the 
view receiving the click, the position of the clicked item in the ListView, and the ID of the 
item according to our adapter. We east accordingly before calling the makeText() method to 
Work with the color’s name. The position value represents where this item is in relation to the 
°verall list of items in the ListView, and ifs zero-based. Therefore, the first item in the list is 
at position 0.
The ID value depends entirely on the adapter and the source of the data. In our example, 
We happen to be querying strings with the names of colors in an array, so the ID according 
to this adapter is the position of the entry in the array from the content provider. But your 
data source in other situations may not be as straightforward as this, so you should not think 
that you can always know things like ordering in advance as we’ve done in this example. If 
We were using an SimpleCursorAdapter that had read its values from the system’s Contacts 
database, the ID given to us will be the underlying _ID of the record, and that could be any 
value depending on the age of the contact in the system.
When we discussed ArrayAdapters before, we mentioned the notifyDataSetChanged() 
method to have the adapter update the ListView if the data has changed. Some adapters, 
such as the SimpleCursorAdapter, are aware of updates that happen to underlying 
datasources such as the Contacts content provider and will dynamically update ListView 
contents for you based on changes. With ArrayAdapters, however, you will need to invoke 
the notifyDataSetChanged() method yourself.
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That was pretty easy to do. We generated our own ListView of color names, and by clicking 
a color we showed a message to the user. But what if we want to select a bunch of names 
first and then do something with the subset of people? For the next example application, 
we’re going to modify the layout of a list item to include a check box, and we’re going to add 
a button to the Ul to then act on the subset of selected items.

Adding Other Controls with a ListView
If you want additional Controls in your main layout, you can provide your own layout XML 
file, put in a ListView, and add other desired Controls. For example, you could add a 
button below the ListView in the Ul to submit an action on the selected items, as shown in 
Figure 4-5.

Figure 4-5. An additional button that lets the user submit the selected item(s)

The main layout for this example is in Listing 4-7, and it contains the Ul definition of the 
activity—the ListView and the Button.
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Listing 4-7. Overriding the ListView ReferencedbyOur Activity

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="match_parent"
tools:context="com.artifexdigital.android.Iistviewdemo3.MainActivity" >

<ListView
android:id="@+id/listViewl"
android:layout_width="match_parent"
android:layout_height="wrap_content" 
android:layout_weight="l" />

<Button
android:id="@+id/buttonl"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:onClick="doClick"
android:text=”Submit selection" /> 

</LinearLayout>

Notice the way we have to specify the height and weight of the ListView in LinearLayout. 
We want our button to appear on the screen at all times no matter how many items are in 
our ListView, and we don’t want to be scrolling all the way to the bottom of the page just 
to find the button. To accomplish this, we set the layout_height to wrap_content and then 
use layout_weight to say that this control should take up all available room from the parent 
Container. This trick allows room for the button and retains our ability to scroll the ListView. 
We’ll talk morę about layouts and weights later in this chapter.

The activity implementation would then look like Listing 4-8.

Listing 4-8. Reading User Input from the ListActivity 
public class MainActivity extends Activity { 

private ListView listViewl;
private ArrayAdapter<String> listAdapterl;

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);

listViewl = (ListView) findViewBy!d(R.id.listViewl);

String[] someColors = new String[] { "Red", "Orange", "Yellow", 
"Green", "Blue", "Indigo", "Violet", "Black", "White"};

ArrayList<String> colorArrayList = new ArrayList<String>();
colorArrayList.addAll( Arrays.asList(someColors) );

http://schemas.android.com/apk/res/android
http://schemas.android.com/tools
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listAdapterl = new ArrayAdapter<String>(this, android.R.layout.simple_list_item_checked, 
colorArrayList);

listViewl.setAdapter( listAdapterl );

listViewl.setChoiceMode(listViewl.CHOICE_MODE_MULTIPLE);

listViewl.setOn!temClickListener(new OnItemClickListener() {

@0verride
public void on!temClick(AdapterView<?> parent, View view. int position 

, long id) {
String itemValue = (String) listViewl.get!temAtPosition(position)j
Toast.makeText(getApplicationContext(), itemValue, 

Toast.LENGTH_LONG).show();
}

});

public void doClick(View view) {
int count=listViewl.getCount();
SparseBooleanArray viewltems = listViewl.getCheckedItemPositions(); 
for(int i=O; i<count; i++) { 

if(viewltems.get(i)) {
String selectedColor = (String) listViewl.getItemAtPosition(i); 
Log.v("ListViewDemo", selectedColor + " is checked at position " + i);

} 
} 

}

Within the setup of the adapter, we’re passing another of the Android-provided views for 
a ListView linę item (android.R.layout.simple_list_item_checked), which results in each 
row having a TextView and a CheckBox. If you look inside this layout file, you will see another 
subclass of TextView, this one called CheckedTextView. This special type of TextView is 
intended for use with ListViews. See, we told you there were some interesting things in that 
Android layout folder! You will see that the ID of the CheckedTextView is textl, which is what 
we needed to pass in our views array to the constructor of the SimpleCursorAdapter.

Because we want the user to be able to select our rows, we set the choice modę to CHOICE 
MODE_MULTIPLE. By default, the choice modę is CHOICE_MODE_NONE. The other possible valueTs 
CHOICE_MODE_SINGLE. If you want to use that choice modę for this example, you would want 
to use a different layout, most likely android.R.layout.simple_list_item single choice.

In this example, we’ve implemented a basie button that calls the doClick() method of our 
activity. To keep things simple, we just want to write out to LogCat the names of the items that 
were checked by the user. The good news is that the solution is pretty easy; the bad news is 
that Android has evolved so the best solution depends on which version of Android you’re 
targeting. The ListView solution we’ve shown here has worked sińce Android 1 (although we 
took the Android 1.6 shortcut on the button callback). That is, the getCheckedltemPositionsO
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method is old, but it still works. The return value is an array that can tell you whether an item 
has been checked. So, we iterate through the array. viewltems.get(i) will return true if the 
corresponding row in our ListView has been checked. Our data is accessible directly from 
the ListView, using the getItemAtPosition() method of the ListView. In our case, the object 
mturned from getItemAtPosition() would turn out to be a String object. As we said before, 
•n other situations, we might get some other type of object, such as a CursorWrapper, when 
Working with some specific content providers like the Contacts provider discussed later in this 
book. You have to understand your data source and your adapter to know what to expect.

If we go ahead and hit the Submit Selection button shown in Figurę 4-5, we can watch 
the log cat window in Eclipse or Android Studio as it emits the data from our selection as 
implemented in the doClick() method. This is shown in Figurę 4-6.

Saved Filters 4* ■* |

All messages (no filtei

“ B

Search for messages. Accepts Java regexes. Prefix with pid:, app:, tag: ortexfc to limit scope. [yerbose (4 l&ś ObT-JT)

. Problems @ Javadoc Dedaration Q Console O LogCat £3

Time PID TID Application Tag Ted *
12-07 22:46:... 1314 1314 com.artifexdigi.. ListViewDemo Orange is checked at position 1

12-07 22:46:... 1314 1314 com.artifexdigi.. ListViewDemo Green is checked at position 3

12-07 22:46:... 1314 1314 com.artifexdigi.. ListYiewDemo Black is checked at position 7

12-07 22:46:... 1314 1314 com.artifexdigi.. Choreographer Skipi>ed 35 frames! The applicaQ
ts main thread.

4

Figure 4-6. Using user input from a LisWiew for further Processing

Another Way to Read Selections from a ListView
Android 1.6 introduced another method for retrieving a list of the checked rows from a 
ListView: getCheck!temIds(). Then, in Android 2.2, this method was deprecated and 
replaced with getChecked!temIds(). It was a subtle name change, but the way you use 
the method is basically the same. Listing 4-9 shows the Java codę changes we’d make to 
reflect this evolution of dealing with checked items in a list. For the XML layout of list.xml, 
We can continue to use the file in Listing 4-7.

Listing 4-9. Another Way of Reading User Input from the ListActivity

Public class MainActivity extends Activity {

private ListView listViewl;
private ArrayAdapter<String> listAdapterl;

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);

listViewl = (ListView) findViewBy!d(R.id.listViewl);
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String[] someColors = new String[] { "Red", "Orange", "Yellow",
"Green", "Blue", "Indigo", "Violet", "Black", "White"};

ArrayList<String> colorArrayList = new ArrayList<String>();
colorArrayList.addAll( Arrays.asList(someColors) );

listAdapterl = new ArrayAdapter<String>(this, android.R.layout.simple_list_item_checked, 
colorArrayList);

listViewl.setAdapter( listAdapterl );

listViewl.setChoiceMode(listViewl.CHOICE_MODE_MULTIPLE);

listViewl.setOn!temClickListener(new OnItemClickListener() {

@0verride
public void on!temClick(AdapterView<?> parent, View view, int position 

, long id) {
String itemValue = (String) listViewl.get!temAtPosition(position);
Toast.makeText(getApplicationContext(), itemValue,

Toast.LENGTH_LONG).show();
}

});

public void doClick(View view) {
if(!listAdapterl.hasStableIds()) {

Log.v(TAG, "Data is not stable1');
return;

}
long[] viewltems = listViewl.getCheckedItemIds();
for(int i=0; i<viewltems.length; i++) {

String'selectedColor = (String) listViewl.getItemAtPosition(i); 
Log.v("ListViewDemo", selectedColor + " is checked at position " + i);

}
} 

}

In this example application, when we click the button, our callback calls the method 
getCheckedItemIds(). Whereas in our last example, we got an array of positions of the 
checked items in the ListView, this time we get an array of IDs of the records from 
the adapter that have been checked in the ListView. We can bypass the ListView and the 
cursor now, because the IDs can be used to drive whatever action we desire.
We’ve shown you how to work with ListViews from a variety of scenarios. We’ve shown that 
adapters do a lot of the work to support a ListView. Next, weTI cover the other types of list 
Controls, starting with the GridView.



CHAPTER 4: Adapters and List Controls 113

The GridView Control
Most widget toolkits offer one or more grid-based Controls. Android has a GridView control 
that can display data in the form of a grid. Notę that although we use the term data here, the 
contents of the grid can be text, images, and so on.

The GridView control displays information in a grid. The usage pattern for the GridView is to 
define the grid in the XML layout (see Listings 4-10 and 4-11) and then bind the data to the 
grid using an android.widget.ListAdapter.

Listing 4-10. Definition ofa CridView in an XML Layout
<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/android" 

xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
tools:context="com.artifexdigital.android.gridviewdemo.MainActivity" >

<GridView
android:id="@+id/gridViewl"
android:layout_width="fill_parent" 
android:layout_height="fill_parent" 
android:padding="10dp"
android:verticalSpacing="10dp" 
android:horizontalSpacing="10dp" 
android:numColumns="auto_fit" 
android:columnWidth="lOOdp" 
android:stretchMode="columnWidth" 
android:gravity="center" />

</RelativeLayout>

Listing 4-11. Java Implementation for the GridView
public class MainActivity extends Activity {

private GridView gridViewl;
private ArrayAdapter<String> listAdapterl;

@0verride
protected void onCreate(Bundle saved!nstanceState) { 

super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);

gridViewl = (GridView) findViewById(R.id.gridViewl);

Stringf] someColors = new String[] { "Red", "Orange", "Yellow", 
"Green", "Blue", "Indigo", "Violet", "Black", "White"};

ArrayList<String> colorArrayList = new ArrayList<String>(); 
colorArrayList.addAll( Arrays.asList(someColors) );

http://schemas.android.com/apk/res/android
http://schemas.android.com/tools
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listAdapterl = new ArrayAdapter<String>(this, 
android.R.layout.simple_list_item_l, colorArrayList);

gridViewl.setAdapter( listAdapterl );

Listing 4-10 defines a simple GridView in an XML layout. The grid is then loaded into the 
activity’s content view. The generated Ul is shown in Figurę 4-7.

Figurę 4-7. A GridVieu populated with colors

The grid shown in Figurę 4-7 displays the names of the colors from our array. We have 
decided to show a TextView with the color names, but you could easily generate a grid 
filled with images or other Controls. We’ve again taken advantage of predefined layouts in 
Android. In fact, this example looks very much like Listing 4-7 except for a few important 
differences. We must cali setContentView() to set the layout for our GridView; there are no 
default views to fali back on. And to set the adapter, we cali setAdapter() on the GridView 
object instead of calling setListAdapter() on Activity.

You’ve no doubt noticed that the adapter used by the grid is a ListAdapter. Lists are 
generally one-dimensional, whereas grids are two-dimensional. We can conclude, then, that 
the grid actually displays list-oriented data. And it turns out that the list is displayed by rows. 
That is, the list goes across the first row, then across the second row, and so on.

As before, we have a list control that works with an adapter to handle the data management 
and the generation of the child views. The same techniques we used before should work just 
fine with GridViews. One exception relates to making selections: there is no way to specify 
multiple choices in a GridView, as we did in Listing 4-7.
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The Spinner Control
The Spinner control is like a drop-down menu. It is typically used to select from a relatively 
short list of choices. If the choice list is too long for the display, a scrollbar is automatically 
added for you. You can instantiate a Spinner via XML layout as simply as this:

<Spinner
android:id="@+id/spinner" android:prompt="@string/spinnerprompt"
android:layout_width="wrap_content" android:layout_height="wrap_content" />

Although a spinner is technically a list control, it will appear to you morę like a simple 
TextView control. In other words, only one value will be displayed when the spinner is at 
rest. The purpose of the spinner is to allow the user to choose from a set of predetermined 
values: when the user clicks the smali arrow, a list is displayed, and the user is expected to 
pick a new value. Populating this list is done in the same way as the other list Controls: with 
an adapter.

Because a spinner is often used like a drop-down menu, it is common to see the adapter get 
the list choices from a resource file. An example that sets up a spinner using a resource file 
is shown in Listing 4-12. Notice the new attribute called android:prompt for setting a prompt 
at the top of the list to choose from. The actual text for our spinner prompt is in our /res/ 
values/strings.xml file. As you should expect, the Spinner class has a method for setting 
the prompt in codę as well.

Listing 4-12. Codę to Create a Spinner from a Resource File
public class SpinnerActivity extends Activity {

/** Called when the activity is first created. */ 
@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.spinner);

Spinner spinner = (Spinner)findViewById(R.id.spinner);

ArrayAdapter<CharSequence> adapter = ArrayAdapter.createFromResource(this, 
R.array.planets, android.R.layout.simple_spinner_item);

adapter.setDropDownViewResource(android.R.layout.simple_spinner_dropdown_item);

spinner.setAdapter(adapter);
}

}

You may recall seeing the planets.xml file in Listing 4-1. We show in this example how 
a Spinner control is created; the adapter is set up and then associated to the spinner. 
See Figure 4-8 for what this looks like in action.
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Figure 4-8. A spinner for choosing a planet

One of the differences from our earlier list Controls is that we’ve got an extra layout to 
contend with when working with a spinner. The left side of Figure 4-8 shows the normal 
modę of a spinner, where the current selection is shown. In this case, the current selection 
is Saturn. Next to the word is a downward-pointing arrow indicating that this control is a 
spinner and can be used to pop up a list to select a different value. The first layout, supplied 
as a parameter to the ArrayAdapter.createFromResource() method, defines how the spinner 
looks in normal modę. On the right side of Figure 4-8, we show the spinner in the pop-up 
list modę, waiting for the user to choose a new value. The layout for this list is set using the 
setDropDownViewResource() method. Again in this example, we’re using Android-provided 
layouts for these two needs, so if you want to inspect the definition of either of these layouts, 
you can visit the Android res/layout folder. And of course, you can specify your own layout 
definition for either of these to get the effect you want.

The Gallery Control
The Gallery control is a horizontally scrollable list control that always focuses at the center 
of the list. This control generally functions as a photo gallery in touch modę. You can 
instantiate a Gallery via either XML layout or codę:

<Gallery
android:id="@+id/gallery"
android:layout_width="fill_parent"
android:layout_height="wrap_content"

/>
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The Gallery control is typically used to display images, so your adapter is likely going to be 
specialized for images. We’ll show you a custom image adapter in next section on custom 
adapters. Visually, a gallery looks like Figurę 4-9.

Figurę 4-9. A gallery with images ofmanatees

Summary
In this chapter, we’ve expanded your understanding and proficiency with Ul components in 
the following ways:

■ The main list Controls available in Android

■ How to use adapters to populate the data in a list control



Chapter

Building More Advanced
Ul Layouts
In the previous chapters we reviewed many of the standard layouts provided with Android, 
which cover a broad array of possible Ul approaches. When the stock layouts offered by 
Android don't quite do what you want, where do you turn? In this chapter, we will quickly 
explore how Android provides you with the ability to build your own custom layouts and 
manage the related adapters for populating them with useful data.

Creating Custom Adapters
Standard adapters in Android are easy to use, but they have some limitations. To address 
this, Android provides an abstract class called BaseAdapter that you can extend if you need 
a custom adapter. You would use a custom adapter if you had special data-management 
needs or if you wanted more control over how to display child views. You might also use a 
custom adapter to improve performance by using caching techniques. We’re going to show 
you how to build a custom adapter next.

Listing 5-1 shows what the XML layout and the Java codę could look like for a custom 
adapter. For this next example, our adapter is going to deal with images of manatees, so 
We’ll cali it ManateeAdapter. We’re going to create it inside of an activity as well.

Listing 5-1. Our Custom Adapter: ManateeAdapter

<?xml version="l.O" encoding="utf-8"?>
<!-- This file is at /res/layout/gridviewcustom.xml -->
<GridView xmlns:android="http://schemas.android.com/apk/res/android"

android:id="@+id/gridview"
android:layout_width="fill_parent"
android:layout_height="fill_parent"

119

http://schemas.android.com/apk/res/android
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android:padding="10dip"
android:verticalSpacing="10dip" 
android:horizontalSpacing="10dip" 
android:numColumns="auto_fit" 
android:gravity="center" 
/>

Java Implementation

public class GridViewCustomAdapter extends Activity 
{

@0verride
protected void onCreate(Bundle saved!nstanceState) 
{

super.onCreate(saved!nstanceState);
setContentView(R.layout.gridviewcustom);
GridView gv = (GridView)findViewById(R.id.gridview);
ManateeAdapter adapter = new ManateeAdapter(this);
gv.setAdapter(adapter);

}

public static class ManateeAdapter extends BaseAdapter {
private static finał String TAG = "ManateeAdapter";
private static int convertViewCounter = 0;
private Context mContext;
private Layoutlnflater mlnflater;
static class ViewHolder { 

ImageView image;
}

private int[] manatees = {
R.drawable.manateeOO, R.drawable.manateeOl, R.drawable.manatee02, 

// ... many morę manatees here - see the sample codę folder
R.drawable.manatee32, R. drawable.manatee33 };

private Bitmap[] manateelmages = new Bitmap[manatees.length];
private Bitmap[] manateeThumbs = new Bitmap[manatees.length];

public ManateeAdapter(Context context) {
Log.v(TAG, "Constructing ManateeAdapter");
this.mContext = context;
mlnflater = Layoutlnflater.from(context);



CHAPTER 5: Building More Advanced Ul Layouts 121

for(int i=0; icmanatees.length; i++) {
manateelmages[i] = BitmapFactory.decodeResource( 

context.getResources(), manatees[i]);
manateeThumbs[i] = Bitmap.createScaledBitmap(manateeImages[i], 

100, 100, false);
}

}

@0verride
public int getCount() {

Log.v(TAC, "in getCount()");
return manatees.length;

}

public int getViewTypeCount() {
Log.v(TAG, "in getViewTypeCount()");
return 1;

}

public int get!temViewType(int position) {
Log.v(TAG, "in get!temViewType() for position " + position);
return 0;

}

@0verride
public View getView(int position, View convertView, ViewGroup parent) { 

ViewHolder holder;

Log.v(TAG, "in getView for position " + position +
", convertView is " +
((convertView == null)?"null":"being recycled"));

if (convertView == nuli) {
convertView = m!nflater.inflate(R.layout.gridimage, nuli);
convertViewCounter++;
Log.v(TAG, convertViewCounter + " convertViews have been created");
holder = new ViewHolder();
holder.image = (ImageView) convertView.findViewBy!d(R.id.gridImageView);
convertView.setTag(holder);

} else {
holder = (ViewHolder) convertView.getTag();

}
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holder.image.set!mageBitmap( manateeThumbs[position] );

return convertView; 
}

@0verride
public Object getltem(int position) {

Log.v(TAG, "in getltem() for position " + position); 
return manateelmages[position];

}

@Override
public long getltemld(int position) {

Log.v(TAC, "in getltemld() for position " + position); 
return position;

}
}

}

When you run this application, you should see a display that looks like Figurę 5-1.

Figurę 5-1. A GridVieu with images ofmanatees
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There is a lot to explain in this example, even though it looks relatively simple. We’II start with 
°ur Activity class, which looks a lot like the ones we’ve been working with throughout this 
section of the chapter. There’s a main layout from gridviewcustom.xml, which contains just a 
GridView definition. We need to get a reference to the GridView from inside the layout, so we 
define and set gv. We instantiate our ManateeAdapter, passing it our context, and we set the 
adapter on our GridView. This is pretty standard stuff so far, although you’ve no doubt noticed 
that our custom adapter doesn’t use nearly as many parameters as predefined adapters 
when being created. This is mainly because we’re in complete control over this particular 
adapter, and we’re using it with only this application. If we were making this adapter more 
generał, we would most likely be setting more parameters. But let’s keep going.

Our job inside an adapter is to manage the passing of data into Android View objects. The 
View objects will be used by the list control (a GridView in this case). The data comes from 
some data source. In the earlier examples, the data came via a cursor object that was 
Passed into the adapter. In our custom case here, our adapter knows all about the data and 
where it comes from. The list control will ask for things so it knows how to build the Ul. It is 
also kind enough to pass in views for recycling when it has a view it no longer needs. It may 
seem a bit strange to think that our adapter must know how to construct views, but in the 
end, it all makes sense.
When we instantiate our custom adapter ManateeAdapter, it is customary to pass in the 
context and for the adapter to hołd onto it. It is often very useful to have it available when 
aeeded. The second thing we want to do in our adapter is to hang onto the inflater. This 
will help performance when we need to create a new view to return to the list control. The 
third thing that is typical in an adapter is to create a ViewHolder object, to contain the View 
°bjects for the data we are managing. Taking this approach also acts as a performance 
optimization, saving us from repeatedly looking up the Views. For this example, we are 
simply storing an ImageView, but if we had additional fields to deal with, we would add 
them into the definition of ViewHolder. For example, if we had a ListView where each row 
contained an ImageView and two TextViews, our ViewHolder would have an ImageView and 
two TextViews.

Because we’re dealing with images of manatees in this adapter, we set up an array of their 
resource IDs to be used during construction to create bitmaps. We also define an array of 
b|tmaps to use as our data list.

As you can see from our ManateeAdapter constructor, we save the context, create and hang 
onto an inflater, and then we iterate through the image resource IDs and build an array of 

'tmaps. This bitmap array will be our data.
As you learned previously, setting the adapter will cause our GridView to cali methods on 
tbe adapter to set itself up with data to display. For example, our GridView gv will cali the 
adapter’s getCount() method to determine how many objects there are for displaying. 
t will also cali the getViewTypeCount() method to determine how many different types 
of views could be displayed within the GridView. For our purposes in this example, we 
Set this to 1. However, if we had a ListView and wanted to put separators in between 
re9ular rows of data, we would have two types of views and would need to return 2 from 
ScWiewTypeCountO- You could have as many different view types as you like, as long as 
y°u appropriately return the correct count from this method. Related to this method is 
gctlteWiewTypeO. We just said that we could have more than one type of view to return
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from the adapter, but to keep things simpler, get!temViewType() needs to return only an 
integer value to indicate which of our view types is at a particular position in the data. 
Therefore, if we had two types of views to return, getItemViewType() would need to return 
either 0 or 1 to indicate which type. If we have three types of views, this method needs to 
return 0, 1, or 2.

If our adapter is dealing with separators in a ListView, it must treat the separators as data. 
That means there is a position in the data that is taken up by a separator. When getView() 
is called by a list control to retrieve the appropriate view for that position, getView() will 
need to return a separator as a view instead of regular data as a view. And when asked in 
get!temViewType() for the view type for that position, we need to return the appropriate 
integer value that we’ve decided matches that view type. The other thing you should do if 
using separators is to implement the isEnabled() method. This should return true for list 
items and false for separators because separators should not be selectable or clickable.

The most interesting method in ManateeAdapter is the getView() method cali. Once the 
GridView has determined how many items are available, it starts to ask for the data. Now, 
we can talk about recycling views. A list control can only show as many child views on the 
display as will fit. That means there’s no point in calling getView() for every piece of data in 
the adapter; it only makes sense to cali getView() for as many items as can be displayed. As 
gv gets child views back from the adapter, it is determining how many will fit on the display. 
When the display is fuli of child views, gv can stop calling getView().

If you look at LogCat after starting this example application, you will see the various 
calls, but you will also see that getView() stops being called before all images have been 
requested. If you start scrolling up and down the GridView, you will see morę calls to 
getView() in LogCat, and you will notice that, once we’ve created a certain number of child 
views, getView() is being called with convertView set to something, not nuli. This means 
we’re now recycling child views—and that’s very good for performance.

If we get a nonnull convertView value from gv in getView(), it means gv is recycling that 
view. By reusing the view passed in, we avoid having to inflate an XML layout, and we avoid 
having to find the ImageView. By linking a ViewHolder object to the View that we return, we 
can be much faster at recycling the view the next time it comes back to us. All we have to do 
in getView() is reacquire the ViewHolder and assign the right data into the view.

For this example, we wanted to show that the data placed into the view is not necessarily 
exactly what exists in the data. The createScaledBitmapO method is creating a smaller 
version of the data for display purposes. The point is that our list control does not cali 
the getltem() method. This method would be called by our other codę that wants to do 
something with the data if the user acts on the list control. Once again, for any adapter, it is 
very important that you understand what it is doing. You don’t necessarily want to rely on 
data in the view from the list control, as created by getView() in the adapter. Sometimes, 
you will need to cali the adapter’s getltem() method to get the actual data to be operated 
on. And sometimes, as we did in the earlier ListView examples, you’ll want to go to a cursot 
for the data. It all depends on the adapter and where the data is ultimately coming from. 
Although we used the createScaledBitmapO method in our example, Android 2.2 introduced 
another class that might have been helpful here: ThumbnailUtils. This class has some static 
methods for generating thumbnail images from bitmaps and videos.
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The last thing to point out from this example is the getltemld() method cali. In our earlier 
examples with ListViews and contacts, the item ID was the _ID value from the content 
provider. For this example, we don’t really need to use anything other than position for the 
item ID. The point of item IDs is to provide a mechanism to refer to the data separately from 
its position. This is especially true when the data has a life away from this adapter, as is 
the case with our contacts. When we have this kind of direct control over the data, as we 
do with our images of manatees, and we understand how to get to the actual data in our 
application, it is a common shortcut to simply use position as the item ID. This is particularly 
true in our case, because we don’t even allow adding or removal of data.

Other Controls in Android
There are many, many Controls in Android that you can use. We’ve covered quite a few so 
far, and more will be covered in later chapters (such as MapView in Chapter 19 and VideoView 
and MediaController in Chapter 20). You will find that the other Controls, because they’re all 
descended from View, have a lot in common what the ones we’ve covered here. For now, 
we’ll just mention a few of the Controls you might want to explore further on your own.

ScrollView is a control for setting up a View Container with a vertical scrollbar. This is useful 
when you have too much to fit onto a single screen.

The ProgressBar and RatingBar Controls are like sliders. The first shows the progress of 
some operation visually (perhaps a file download or musie playing), and the second shows a 
rating scalę of stars.

The Chronometer control is a timer that counts up. There’s a CountDownTimer class if you 
want something to help you display a countdown timer, but ifs not a View class.

The Switch control, which functions like a ToggleButton but visually has a side-to-side 
presentation, was introduced in Android 4.0, along with the Space view, a lightweight view 
that can be used in layouts to more easily create spaces between other views.

WebView is a very special view for displaying HTML. It can do a lot more than that, including 
handling cookies and JavaScript and linking to Java codę in your application. But before 
you go implementing a web browser inside your application, you should carefully consider 
invoking the on-device web browser to let it do all that heavy lifting.

That completes our introduction of Controls in this chapter. We’ll now move on to styles and 
themes for modifying the look and feel of our Controls and then to layouts for arranging our 
Controls on screens.

Styles and Themes
Android provides several ways to alter the style of views in your application. We’ll first 
cover using markup tags in strings and then how to use Spannables to change specific 
visual attributes of text. But what if you want to control how things look using a common 
specification for several views or across an entire activity or application? We’ll discuss 
Android styles and themes to show you how.
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Using Styles
Sometimes, you want to highlight or style a portion of the View’s content. You can do this 
statically or dynamically. Statically, you can apply markup directly to the strings in your string 
resources, as shown here:

<string name="styledText"xi>Static</i> style in a <b>TextView</b>.</string>

You can then reference it in your XML or from codę. Notę that you can use the following 
HTML tags with string resources: <i>, <b>, and <u> for italics, bold, and underlined, 
respectively, as well as <sup> (superscript), <sub> (subscript), <strike> (strikethrough), <big>> 
<small>, and <monospace>. You can even nest these to get, for example, smali superscripts. 
This works not just in TextViews but also in other views, like buttons. Figure 5-2 shows what 
styled and themed text looks like, using many of the examples in this section.

Figure 5-2. Examples of styles and themes

Styling a TextView control’s content programmatically requires a little additional work but 
allows for much morę flexibility (see Listing 5-2), because you can style it at runtime. This 
flexibility can only be applied to a Spannable, though, which is how EditText normally 
manages the internal text, whereas TextView does not normally use Spannable. Spannable
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is basically a String to which you can apply styles. To get a TextView to storę text as a 
Spannable, you can cali setText() this way:

tv.setText("This text is stored in a Spannable", TextView.BufferType.SPANNABLE);

Then, when you cali tv.getText(), you’ll get a Spannable.

As shown in Listing 5-2, you can get the content of the EditText (as a Spannable object) and 
then set styles for portions of the text. The codę in the listing sets the text styling to bold and 
italics and sets the background to red. You can use all the styling options as we have with 
the HTML tags as described previously, and then some.

Listing 5-2. Applying Styles Dynamically to the Content ofan EditText
EditText et =(EditText)this.findViewById(R.id.et);
et.setText("Styling the content of an EditText dynamically");
Spannable spn = (Spannable) et.getText();
spn.setSpan(new BackgroundColorSpan(Color.RED), 0, 7,

Spannable.SPAN_EXCLUSIVE_EXCLUSIVE);
spn.setSpan(new StyleSpan(android.graphics.Typeface.BOLD_ITALIC), 

0, 7, Spannable.SPAN_EXCLUSIVE_EXCLUSIVE);

These two techniques for styling work only on the one view they’re applied to. Android 
Provides a style mechanism to define a common style to be reused across views, as well 
as a theme mechanism, which basically applies a style to an entire activity or the entire 
application. To begin with, we need to talk about styles.

A style is a collection of View attributes that is given a name so you can refer to that 
collection by its name and assign that style by name to views. For example, Listing 5-3 
shows a resource XML file, saved in /res/values, that we could use for all error messages.

Listing 5-3. Defining a Style to Be Used Across Many Views
<?xml version="1.0" encoding="utf-8"?>
<resources>

cstyle name="ErrorText">
<item name="android:layout_width">fill_parent</item>
<item name="android:layout_height">wrap_content</item> 
citem name="android:textColor">#FFOOOO</item>
<item name="android:typeface">monospace</item>

</style>
</resources>

The size of the view is defined as well as the font color (red) and typeface. Notice how the 
name attribute of the item tag is the XML attribute name we used in our layout XML files, and 
the value of the item tag no longer requires double quotes. We can now use this style for an 
error TextView, as shown in Listing 5-4.
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Listing 5-4. Using a Style in a View
<TextView android:id="@+id/errorText"

style=”@style/ErrorText"
android:text="No errors at this time" 
/>

It is important to notę that the attribute name for a style in this View definition does not start 
with android:. Watch out for this, because everything seems to use android: except the style. 
When you’ve got many views in your application that share a style, changing that style in one 
place is much simpler; you need to modify the style’s attributes only in the one resource file. 
You can, of course, create many different styles for various Controls. Buttons could share a 
common style, for example, thafs different from the common style for text in menus.

One really nice aspect of styles is that you can set up a hierarchy of them. We could define 
a new style for really bad error messages and base it on the style of ErrorText. Listing 5-5 
shows how this might look.

Listing 5-5. Defining a Style from a Parent Style
<?xml version="l.O" encoding="ut-f-8"?> 
<resources>

<style name="ErrorText.Danger" >
citem name="android:textStyle">bold</item>

</style>
</resources>

This example shows that we can simply name our child style using the parent style as 
a prefix to the new style name. Therefore, ErrorText.Danger is a child of ErrorText and 
inherits the style attributes of the parent. It then adds a new attribute for textStyle. This can 
be repeated again and again to create a whole tree of styles.

As was the case for adapter layouts, Android provides a large set of styles that we can use. 
To specify an Android-provided style, use syntax like this:

style="@android:style/TextAppearance"

This style sets the default style for text in Android. To locate the master Android styles.xml 
file, visit the Android SDK/platforms/<android-version>/data/res/values/ folder. Inside this 
file, you will find quite a few styles that are ready-made for you to use or extend. Here’s a 
word of caution about extending the Android-provided styles: the previous method of using 
a prefix won’t work with Android-provided styles. Instead, you must use the parent attribute 
of the style tag, like this:

<style name="CustomTextAppearance" parent=''@android:style/TextAppearance">
<item ... your extensions go here ... />

</style>
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You don’t always have to puli in an entire style on your view. You could choose to borrow
just a part of the style instead. For example, if you want to set the color of the text in your
TextView to a system style color, you could do the following:

<EditText android:id="@+id/et2"
android:layout_width="fill_parent” android:layout Jieight="wrap_content" 
android:textColor="?android:textColorSecondary" 
android:text="@string/hello_world" />

Notice that in this example, the name of the textColor attribute value starts with the ? 
character instead of the @ character. The ? character is used so Android knows to look for a 
style value in the current theme. Because we see ?android, we look in the Android system 
theme for this style value.

Using Themes
One problem with styles is that you need to add an attribute specification of style= 
"@style/..." to every view definition that you want it to apply to. If you have some style 
elements you want Applied across an entire activity, or across the whole application, you 
should use a theme instead. A theme is really just a style applied broadly; but in terms of 
defining a theme, ifs exactly like a style. In fact, themes and styles are fairly interchangeable: 
you can extend a theme into a style or refer to a style as a theme. Typically, only the names 
9ive a hint as to whether a style is intended to be used as a style or a theme.

To specify a theme for an activity or an application, add an attribute to the <activity> or 
<application> tag in the AndroidManifest.xml file for your project. The codę might look 
like this:

Activity android:theme="@style/MyActivityTheme">
Application android:theme="@style/MyApplicationTheme">
Application android:theme="@android: style/Theme.NoTitleBar">

You can find the Android-provided themes in the same folder as the Android-provided styles, 
with the themes in a file called themes.xml. When you look inside the themes file, you will see 
a large set of styles defined, with names that start with Theme. You will also notice that within 
the Android-provided themes and styles, there is a lot of extending going on, which is why 
you end up with styles called Theme.Dialog.AppError, for example.

This concludes our discussion of the Android control set. As we mentioned in the beginning 
of the chapter, building Uls in Android requires you to master two things: the control set 
and the layout managers. In the next section, we are going to discuss the Android layout 
managers.
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Understanding Layout Managers
Android offers a collection of view classes that act as containers for views. These Container 
classes are called layouts (or layout managers), and each implements a specific strategy to 
manage the size and position of its children. For example, the LinearLayout class lays out its 
children either horizontally or vertically, one after the other. All layout managers derive from 
the View class, therefore you can nest layout managers inside of one another.

The layout managers that ship with the Android SDK include the commonly used ones 
defined in Table 5-1.

Table 5-1. Android Layout Managers

Layout Manager Description

LinearLayout 
TableLayout 
RelativeLayout 
FrameLayout 
GridLayout

Organizes its children either horizontally or vertically
Organizes its children in tabular form
Organizes its children relative to one another or to the parent 
Allows you to dynamically change the control(s) in the layout 
Organizes its children in a grid arrangement

We will discuss these layout managers in the sections that follow. The layout manager called 
AbsoluteLayout has been deprecated and will not be covered in this book.

The LinearLayout Layout Manager
The LinearLayout layout manager is the most basie. This layout manager organizes its 
children either horizontally or vertically based on the value of the orientation property. 
We’ve used LinearLayout in several of our examples so far. Listing 5-6 shows LinearLayout 
with a horizontal configuration.

Listing 5-6. LinearLayout with a Horizontal Configuration

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 
android:orientation="horizontal"
android:layout_width=“fill_parent" android:layout_height="wrap_content">

<!-- add children here-->

</LinearLayout>

You can create a vertically oriented LinearLayout by setting the value of orientation to 
vertical. Because layout managers can be nested, you could, for example, construct 
a vertical layout manager that contained horizontal layout managers to create a fill-in 
form, where each row had a label next to an EditText control. Each row would be its own 
horizontal layout, but the rows as a collection would be organized vertically.

http://schemas.android.com/apk/res/android
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Understanding Weight and Gravity
The orientation attribute is the first important attribute recognized by the LinearLayout 
layout manager. Other important properties that can affect size and position of child Controls 
are weight and gravity.

You use weight to assign size importance to a control relative to the other Controls in the 
Container. Suppose a Container has three Controls: one has a weight of 1, whereas the 
others have a weight of 0. In this case, the control whose weight equals 1 will consume 
the empty space in the Container. Gravity is essentially alignment. For example, if you want 
to align a labefs text to the right, you would set its gravity to right. There are quite a few 
Possible values for gravity, including left, center, right, top, bottom, center_vertical, 
clip_horizontal, and others. See developer.android.com for details on these and the other 
values of gravity.

Notę Layout managers extend android.widget.ViewGroup, as do many control-based 
Container classes such as ListView. Although the layout managers and control-based containers 
extend the same class, the layout manager classes, by convention if not strict requirement, deal 
with the sizing and position of Controls and not user interaction with child Controls.

Now let’s look at an example involving the weight and gravity properties (see Figure 5-3).

F'gure 5-3. Using the LinearLayout layoutmanager

Figure 5-3 shows three Uls that utilize LinearLayout, with different weight and gravity 
settings. The Ul on the left uses the default settings for weight and gravity. The XML layout 
for this first Ul is shown in Listing 5-7.

developer.android.com
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Listing 5-7. Three Text Fields Arranged Vertically in a LinearLayout, Using Default Values for Weight and Gravity
cLinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" android:layout_width="fill_parent" 
android:layout_height="fill_parent">

<EditText android:layout_width="fill_parent" 
android:layout_height="wrap_content" 
android:text="one"/>

<EditText android:layout_width="fill_parent" 
android:layout_height="wrap_content" 
android:text="two"/>

<EditText android:layout_width="fill_parent" 
android:layout_height="wrap_content" 
android:text="three"/>

</LinearLayout>

The Ul in the center of Figure 5-3 uses the default value for weight but sets android :gravity 
for the Controls in the Container to left, center, and right, respectively. The last example 
sets the android :layout_weight attribute of the center component to 1.0 and leaves the 
others to the default value of 0.0 (see Listing 5-8). By setting the weight attribute to 1.0 
for the middle component and leaving the weight attributes for the other two components 
at 0.0, we are specifying that the center component should take up all the remaining 
whitespace in the Container and that the other two components should remain at their 
ideał size.

Similarly, if you want two of the three Controls in the Container to share the remaining 
whitespace among them, you would set the weight to 1.0 for those two and leave the third 
one at 0.0. Finally, if you want the three components to share the space equally, you’d set all 
of their weight values to 1.0. Doing this would expand each text field equally.

Listing5-8. LinearLayout with WeightConfigurations
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" android:layout_width="fill_parent" 
android:layout_height="fill_parent">

<EditText android:layout_width="fill_parent" android:layout_weight="O.o" 
android:layout_height="wrap_content" android:text="one" 
android:gravity="left"/>

<EditText android:layout_width="fill_parent" android:layout_weight="l.o" 
android:layout_height="wrap_content" android:text="two" 
android:gravity="center"/>

<EditText android:layout_width="fill_parent" android:layout_weight="O.O" 
android:layout_height="wrap_content" android:text="three" 
android:gravity="right" 
/>

</LinearLayout>

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
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android:gravity vs. android:layout_gravity
Notę that Android defines two similar gravity attributes: android:gravity and 
android:layout_gravity. Here’s the difference: android:gravity is a setting used by 
the view, whereas android:layout_gravity is used by the Container (android.view. 
ViewGroup). For example, you can set android :gravity to center to have the text in the 
EditText centered within the control. Similarly, you can align an EditText to the far right of 
a LinearLayout (the Container) by setting android:layout_gravity="right". See Figurę 5-4 
and Listing 5-9.

|E30 0 2:42 AM I

Common Controls

Figurę 5-4. Applying gravity settings

Listing 5-9. Understanding the Difference Between android :gravity and android :layout_gravity

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 
android:orientation="vertical" android:layout_width="fill_parent" 
android:layout_height=”fill_parent">

<EditText android:layout_width="wrap_content" android:gravity="center"
android:layout_height="wrap_content" android:text="one"

android:layout_gravity="right"/>
</LinearLayout>

As shown in Figurę 5-4, the text is centered in the EditText, which is aligned to the right of 
the LinearLayout.

The TableLayout Layout Manager
The TableLayout layout manager is an extension of LinearLayout. This layout manager 
structures its child Controls into rows and columns. Listing 5-10 shows an example.

Listing 5-10. A Simple TableLayout
<?xml version="1.0" encoding="utf-8"?>
<TableLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:layout_width="fill_parent" android:layout_height="fill_parent">

<TableRow>
<TextView android:text="First Name:"

android:layout_width="wrap_content" android:layout_height="wrap_content" />

<EditText android:text="Edgar"
android:layout_width="wrap_content" android:layout_height="wrap_content" />

</TableRow>

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
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<TableRow>
<TextView android:text="Last Name:1'

android:layout_width="wrap_content" android:layout_height="wrap_content" />

<EditText android:text="Poe"
android:layout_width="wrap_content" android:layout_height="wrap_content" />

</TableRow> 

</TableLayout>

To use this layout manager, you create an instance of TableLayout and place TableRow 
elements within it. These TableRow elements contain the Controls of the table. The Ul for 
Listing 5-10 is shown in Figure 5-5.

Layout Demo
7:58 PM

First Name:

Last Name;

Figure 5-5. The TableLayout layout manager

There are a number of morę complex layouts possible with TableLayout, including nesting, 
asymmetrical rows and columns, and morę. We have a bonus section on morę options for 
TableLayout on the book website, www.androidbook.com.

The RelativeLayout Layout Manager
Another interesting layout manager is RelativeLayout. As the name suggests, this layout 
manager implements a policy where the Controls in the Container are laid out relative to 
either the Container or another control in the Container. Listing 5-11 and Figure 5-6 show an 
example.

Listing 5-11. Using a Relati ve Layout Layout Manager
<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:layout_width="fill_parent" 
android:layout_height="wrap_content">

<TextView android:id="@+id/userNameLbl"
android:layout_width="fill_parent" android:layout_height="wrap_content" 
android:text="Username: “
android:layout_alignParentTop="true" />

http://www.androidbook.com
http://schemas.android.com/apk/res/android
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<EditText android:id="@+id/userNameText"
android: layout_width=''f ill_parent" android: layout_height="wrap_content" 
android:layout_toRightOf="@id/userNameLbl" />

<TextView android:id="@+id/pwdLbl"
android:layout_width="wrap_content" android:layout_height="wrap_content"
android:layout_below="@id/userNameText"
android:text="Password: " /> 

<EditText android:id="@+id/pwdText"
android :layout_width="fill_parent'' android:layout_height="wrap_content"
android:layout_toRightOf="@id/pwdLbl"
android:layout_below="@id/userNameText" />

<TextView android:id="@+id/pwdCriteria"
android:layout_width="fill_parent" android:layout_height="wrap_content"
android:layout_below="@id/pwdText"
android:text="Password Criteria... " />

<TextView android:id="@+id/disclaimerLbl"
android: layout J»iidth="fill_parent" android:layout_height="wrap_content"
android:layout_alignParentBottom="true"
android:text="Use at your own risk... " />

</RelativeLayout>

Hgure 5-6. A U!laid out using theRelativeLayout layoutmanager

As shown, the Ul looks like a simple login form. The username label is pinned to the 
*op of the Container, because we set android:layout_alignParentTop to true. Similarly, 
the Username input field is positioned below the Username label because we set 
android :layout_below. The Password label appears below the Username label, and the 
Password input field appears below the Password label. The disclaimer label is pinned to the 
bottom of the Container because we set android:layout_alignParentBottom to true.
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Besides these three layout attributes, you can also specify layout_above, layout_toRightOf,
layout_toLeftOf, layout_center!nParent, and several more. Working with RelativeLayout
is fun due to its simplicity. In fact, once you start using it, it’II become your favorite layout
manager—you’ll find yourself going back to it over and over again.

The FrameLayout Layout Manager
The layout managers that we’ve discussed so far implement various layout strategies. In 
other words, each one has a specific way that it positions and orients its children on the 
screen. With these layout managers, you can have many Controls on the screen at one 
time, each taking up a portion of the screen. Android also offers a layout manager that is 
mainly used to display a single item: FrameLayout. You mainly use this utility layout class to 
dynamically display a single view, but you can populate it with many items, setting one to 
visible while the others are invisible. Listing 5-12 demonstrates using FrameLayout.

Listing 5-12. Populating FrameL ayout
<?xml version="l.O" encoding="utf-8"?>
<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:id="@+id/frmLayout" 
android:layout_width="fill_parent" android:layout_height="fill_parent">

<ImageView
android:id="@+id/oneImgView" android:src="@drawable/one"
android:scaleType="fitCenter"
android:layout_width="fill_parent" android:layout_height="fill_parent"/> 

<ImageView
android:id="@+id/twoImgView" android:src="@drawable/two"
android:scaleType="fitCenter"
android:layout_width="fill_parent" android:layout_height="fill_parent" 
android:visibility="gone“ />

</FrameLayout>

public class FrameLayoutActivity extends Activity{
private ImageView one = nuli;
private ImageView two = nuli;
@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.Iisting6_48);

one = (ImageView)findViewById(R.id.oneImgView);
two = (ImageView)findViewById(R.id.twoImgView);

http://schemas.android.com/apk/res/android
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one.setOnClickListener(new OnClickListener(){

public void onClick(View view) { 
two.setVisibility(View.VISIBLE);

view.setVisibility(View.GONE);
}});

two.setOnClickListener(new OnClickListener(){

public void onClick(View view) { 
one.setVisibility(View.VISIBLE);

view.setVisibility(View.GONE); 
}});

}
}

Listing 5-12 shows the layout file as well as the onCreate() method of the activity. The idea 
of the demonstration is to load two ImageView objects in the FrameLayout, with only one of 
the ImageView objects visible at a time. In the Ul, when the user clicks the visible image, we 
hide one image and show the other one.

Look at Listing 5-12 more closely now, starting with the layout. You can see that we define 
a FrameLayout with two ImageView objects (an ImageView is a control that knows how to 
display images). Notice that the second ImageView’s visibility is set to gone, making the 
control invisible. Now, look at the onCreate() method. In the onCreate() method, we 
register listeners to click events on the ImageView objects. In the click handler, we hide one 
ImageView and show the other.

As we said earlier, you generally use FrameLayout when you need to dynamically set the 
content of a view to a single control. Although this is the generał practice, the control will 
accept many children, as we demonstrated. Listing 5-12 adds two Controls to the layout but 
has one of the Controls visible at a time. FrameLayout, however, does not force you to have 
only one control visible at a time. If you add many Controls to the layout, FrameLayout will 
simply stack the Controls, one on top of the other, with the last one on top. This can create 
an interesting Ul. For example, Figure 5-7 shows a FrameLayout control with two ImageView 
objects that are visible. You can see that the Controls are stacked, and that the top one is 
Partially covering the image behind it.
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Figure 5-7. FrameLayout with two Imagetfiew objects

Another interesting aspect of the FrameLayout is that if you add morę than one control to the 
layout, the size of the layout is computed as the size of the largest item in the Container. In 
Figure 5-7, the top image is actually much smaller than the image behind it, but because the 
size of the layout is computed based on the largest control, the image on top is stretched.

Also notę that if you put many Controls inside a FrameLayout with one or morę of them 
invisible to start, you might want to consider using setMeasureAHChildren(true) on your 
FrameLayout. Because the largest child dictates the layout size, you’ll have a problem if the 
largest child is invisible to begin with: when it becomes yisible, it is only partially visible. To 
ensure that all items are rendered properly, cali setMeasureAHChildren() and pass it a value 
of true. The equivalent XML attribute for FrameLayout is android:measureAllChildren="true"-

The GridLayout Layout Manager
Android 4.0 brought with it a new layout manager called GridLayout. As you might expect, it 
lays out views in a grid pattern of rows and columns, somewhat like TableLayout. However, 
ifs easier to use than TableLayout. With a GridLayout, you can specify a row and column 
value for a view, and that’s where it goes in the grid. This means you don’t need to specify 
a view for every celi, just those that you want to hołd a view. Views can span multiple grid 
cells. You can even put morę than one view into the same grid celi.
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When laying out views, you must not use the weight attribute, because it does not work 
'h child views of a GridLayout. You can use the layout_gravity attribute instead. Other 
lr>teresting attributes you can use with GridLayout child views include layout_column and 
layout_columnSpan to specify the left-most column and the number of columns the view 
takes up, respectively. Similarly, there are layout_row and layout_rowSpan attributes. 
Interestingly, you do not need to specify layout_height and layout_width for GridLayout 
child views; they default to WRAP_CONTENT.

Customizing the Layout for Various Device Configurations
By now, you know very well that Android offers a host of layout managers that help you 
build Uls. If you’ve played around with the layout managers we’ve discussed, you know 
that you can combine the layout managers in various ways to obtain the look and feel you 
want. But even with all the layout managers, building Uls—and getting them right—can be 
a challenge. This is especially true for mobile devices. Users and manufacturers of mobile 
devices are getting more and more sophisticated, and that makes the developer’s job even 
more challenging.

One of the challenges is building a Ul for an application that displays in various screen 
configurations. For example, what would your Ul look like if your application were displayed 
in portrait versus landscape modę? If you haven’t run into this yet, your mind is probably 
mcing right now, wondering how to deal with this common scenario. Interestingly, and 
fortunately, Android provides some support for this use case.

Here’s how it works: when building a layout, Android will find and load layouts from 
specific folders based on the configuration of the device. A device can be in one of three 
configurations: portrait, landscape, or square (square is rare). To provide different layouts 
for the various configurations, you have to create specific folders for each configuration 
from which Android will load the appropriate layout. As you know, the default layout folder 
is located at res/layout. To support portrait display, create a folder called res/layout-port. 
For landscape, create a folder called res/layout-land. And for a square, create one called 
res/layout-square.

A good question at this point is, “With these three folders, do I need the default layout folder 
(res/layout)?” Generally, yes. Android’s resource-resolution logie looks in the configuration- 
specific directory first. If Android doesn’t find a resource there, it goes to the default layout 
directory. Therefore, you should place default layout definitions in res/layout and the 
customized versions in the configuration-specific folders.

Another trick is to use the <include /> tag in a layout file. This allows you to create common 
chunks of layout codę (for example, in the default layout directory) and include them in 
layouts defined in layout-port and layout-land. An include tag might look like this:

<include layout="@layout/common_chunkl" />

If the concept of include interests you, you should also check out the cmerge /> tag and 
the ViewStub class in the Android API. These give you even more flexibility when organizing 
layouts, without duplicating views.
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Notę that the Android SDK does not offer any APls for you to programmatically specify 
which configuration to load—the system simply selects the folder based on the configuration 
of the device. You can, however, set the orientation of the device in codę, for example, using 
the following:

import android.content.pm.Activity!nfo;

setRequestedOrientation(ActivityInfo.SCREEN_ORIENTATION_LANDSCAPE);

This forces your application to appear on the device in landscape modę. Go ahead and try it 
in one of your earlier projects. Add the codę to your onCreate() method of an activity, run it 
in the emulator, and see your application sideways.

Summary
Let’s conclude this chapter by quickly enumerating what you have learned about building 
user interfaces:

■ The main types of layouts and when to use each

■ Views supported in Android and how to define them both in XML 
and via codę

■ Styles and themes you can use to manage the look and feel of your 
application from a common set of resources



Working with Menus and
Action Bars

Chapter

Android SDK supports regular menus, submenus, context menus, icon menus, and 
secondary menus. Android 3.0 introduced the action bar, which integrates well with menus. 
We will cover both menus and action bars in this chapter.

Like many other chapters in the book, we will present the essential codę snippets that you 
can use to work with menus and action bars. The completer codę context for these snippets 
is available in the downloadable application that is specifically developed for this chapter. 
The link for these downloadable projects is given in the “Resources” section at the end of 
this chapter.

Working with Menus Through XML Files
In Android the easiest way to work with menus is through XML menu resource files. This 
XML approach to menu creation offers several advantages, such as the ability to name 
menus, order them automatically, and allocate IDs. As XML menus are resources, you also 
get the localization support for the menu text and icons.

Creating XML Menu Resource Files
A sample menu XML file is given Listing 6-1. You see in this listing a series of menu items 
grouped together under a group XML node. You can specify an ID for the group using the 
@+id resource reference approach. You can use this ID in java codę to get access to the 
menu group and manage it when needed. Grouping is optional and you can omit the group 
XML node.

141
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Each menu XML file has a series of menu items with their menu item IDs tied to symbolic 
names. The title indicates the menu title, and the orderlnCategory indicates the order in 
which the menu item appears in the menu. You can refer to the Android SDK documentation 
for all the possible attributes for these XML tags. The reference URL is provided in the 
“Resources” section of this chapter.

Listing 6-1. Menu XML Resource File with Menu Definitions

<menu xmlns:android="http://schemas.android.com/apk/res/android">
<group android:id=”@+id/menuGroup_Main">

<item android:id="@+id/menu_iteml"
android:orderInCategory="l"
android:title="iteml text" />

<item android:id="@+id/menu_item2"
android:order!nCategory="2"
android:enabled="true"
android:icon="@drawable/some-file"
android:title="item2 text" />

<item android:id="g+id/menu_item3"
android:order!nCategory="3"
android:title="item3 text" />

</group>
</menu>

All the child menu items in Listing 6-1 are allocated menu item IDs based on their names 
(example: menu_iteml) in this XML file. Let’s see now how we take this menu XML file and 
associate it with an actiyity.

Populating Activity Menu from Menu XML Files
Assume that the name of the menu XML file is my_menu.xml. You need to place this file in the 
/res/menu subdirectory. Placing the file in /res/menu automatically generates a resource ID 
called R.menu.my_menu.

The key class in Android menu support is android.view.Menu. Every activity in Android is 
associated with one menu object of this type. In the life cycle of an activity Android calls a 
method called onCreateOptionsMenu() to populate this Menu object. In this method we load 
the XML menu file into the Menu object. This is shown in Listing 6-2.

http://schemas.android.com/apk/res/android
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Listing 6-2. Using Menu Inflater
//This callback method is available on every activity class
Wverride
Public boolean onCreateOptionsMenu(Menu menu) {

super.onCreateOptionsMenu(menu);
Menulnflater inflater = getMenu!nflater(); //from activity
inflater.inflate(R.menu.myjnenu, menu);

//It is important to return true to see the menu 
return true;

}

Once the menu items are populated, the codę should return true to make the menu visible. 
If this method returns false, the menu is invisible.

Responding to XNIL-Based Menu Items
You respond to menu items in the onOptionsItemSelected() callback method. Android 
lot only generates a resource ID for the XML menu file (as used in Listing 6-2) but also 
generates the necessary menu item IDs to help you distinguish between the menu items. 
The codę in Listing 6-3 illustrates how to respond to menu items.

Listing 6-3. Responding to Menu Items from an XML Menu Resource File
@0verride
Public void onOptionsItemSelected (Menultem item){

if (item.getItemld() == R.id.menu_iteml){
//do something
//for items handled 
return true;

}
else if (item.getltemld() == R.id.menu_item2){

//do something 
return true;

}
//for the rest
...return super.onOptionsItemSelected(item);

Notice how the menu item names from the XML menu resource file have automatically 
Oenerated menu item IDs in the R.id space.
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Starting in SDK 3.0, you can also use the android:onClick attribute of a menu item to 
directly indicate the name of a method in an activity that is attached to this menu. This 
activity method is then called with the menu item object as the sole input. This feature is only 
available in 3.0 and above. Listing 6-4 shows an example.

Listing 6-4. Specifying a Menu Callback Method in an XML Menu Resource File

<item android:id="...
android:onClick="a-method-name-in-your-activity" 

</item>

It is this simple to work with menu items in Android. Let’s explore the Java API for the menus 
a bit now.

Working with Menus in Java Codę
As indicated the key class in Android menu support is android.view.Menu. Every activity 
in Android is associated with one menu object of this type. The menu object then contains 
a number of menu items and submenus. Menu items are represented by android.view. 
Menultem. Submenus are represented by android.view.SubMenu.

Prior to SDK 3.0, onCreateOptionsMenu() is called the first time an activity’s options menu is 
accessed. Starting with 3.0, this method is called as part of activity creation. Also notę that 
this method is called only once for the life cycle of the activity. If you want to add menus 
dynamically you will need to use the method onPrepareOptionsMenu(), which is covered a 
little later. The codę in Listing 6-5 shows how to add three menu items using a single group 
ID along with incremental menu item IDs and order IDs.

Listing 6-5. Adding Menu Items
@0verride
public boolean onCreateOptionsMenu(Menu menu){

super.onCreateOptionsMenu(menu);
menu.add(0 // Group

,1 U item id
,0 //order
,"iteml"); II title

menu.add(OJ2,l,"item2");
menu.add(0,3,2,"item3");
//It is important to return true to see the menu 
return true;

}

You should also cali the base-class implementation of this method to give the system an 
opportunity to populate the menu with system menu items (no system menu items are 
defined so far).

The arguments to create the menu item are explained in Listing 6-5. The last argument is the 
name or title of the menu item. Instead of free text, you can use a string resource through 
the R. java constants file. The group, menu item, and order IDs are all optional; you can use



CHAPTER 6: Working with Menus and Action Bars 145

Menu.NONĘ if you don’t want to specify any of them. If Menu.NONĘ is specified for a group, then 
the items are outside of any group. If Menu.NONĘ is specified for an item, then this might be 
a submenu or a separator. If Menu.NONĘ is specified for the order, Android will choose some 
mechanism to order them.

Working with Menu Groups
Now, let’s look at how to work with menu groups. Listing 6-6 shows how you add two 
groups of menus: Group 1 and Group 2.

Listing 6-6. Using Group IDs to Create Menu Groups
@0verride
Public boolean onCreateOptionsMenu(Menu menu) {

//Group 1
int groupl = 1;
menu.add(groupl,1,1,"gl.itemi");
menu.add(groupl,2,2,"gl.item2");

//Group 2
int group2 = 2;
menu.add(group2,3,3,"g2.iteml");
menu.add(group2,4,4,"g2.item2");

return true; // it is important to return true

Android provides a set of methods on the android.view.Menu class that are based on group 
IDs. You can manipulate a group’s menu items using the methods shown in Listing 6-7:

Listing 6-7. Menu Group-Related Methods
removeGroup(id)
setGroupCheckable(id, checkable, exclusive)
setGroupEnabled(id,enabled)
setGroupVisible(id,visible)

temoveGroup() removes all menu items from that group, given the group ID. You can enable 
or disable menu items in a given group using the setGroupEnabled method(). Similarly, you 
can control the visibility of a group of menu items using setGroupVisible().

setGroupCheckable() is interesting. You can use this method to show a check mark on 
a menu item when that menu item is selected. When applied to a group, it enables this 
functionality for all menu items within that group. If this method’s exclusive flag is set, only 
one menu item within that group is allowed to go into a checked state. The other menu items 
remain unchecked.

You now know how to populate an activity’s main menu with a set of menu items and group 
them according to their naturę. The way you respond to these menu items is identical to how 
you would have responded to for their XML counterparts except that the menu items IDs are 
explicitly controlled by the programmer.
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Responding to Menu Items Through Listeners
You usually respond to menus by overriding onOptionsItemSelected(); a menu item also 
allows you to register a listener that could be used as a callback. This approach is a 
two-step process. In the first step, you implement the MenuItem.OnMenuItemClickListener 
interface. Then, you take an instance of this implementation and pass it to the menu item. 
When the menu item is clicked, the menu item calls the onMenuItemClick() method of the 
MenuItem.OnMenuItemClickListener interface (see Listing 6-8).

Listing 6-8. Using a Listener as a Callback for a Menu Item Click

//Step 1
public class MyResponse implements MenuItem.OnMenuItemClickListener{ 

public MyResponse(...someargs...){} //a constructor 
@override
public boolean OnMenuItemClick(MenuItem item) {

//do your thing 
return true;

}

//Step 2
MyResponse myResponse = new MyResponse(..your args..);//supply your args 
menuItem.setOnMenuItemClickListener(myResponse);

The onMenuItemClick() method is called when the menu item has been invoked. This codę 
executes as soon as the menu item is clicked, even before the onOptionsItemSelected() 
method is called. If onMenu!temClick() returns true, no other callbacks are executed — 
including the onOptionsItemSelected() callback method. This means that the listener codę 
takes precedence overthe onOptionsItemSelected() method.

Using an Intent to Respond to Menu Items
You can also associate a menu item with an intent by using the Menultem’s method 
setlntent(intent). When an intent is associated with a menu item, and nothing 
else handles the menu item, then the default behavior is to invoke the intent 
using startActivity(intent). For this to work, all the handlers-especially the 
onOptionsItemSelected() method-should cali the parent class’s onOptionsItemSelectedO 
method for those menu items that are not handled.

Understanding Expanded Menus
If an application has more menu items than it can display on the main screen, Android 
shows a More menu item to allow the user to see the rest. This menu, called an expanded 
menu, appears automatically when there are too many menu items to display in the limited 
amount of space.
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Working with Icon Menus
Android supports not only text but also images or icons as part of its menu repertoire. 
Creating an icon menu item is straightforward. You create a regular text-based menu item as 
before, and then you use the setlcon() method on the Menultem class to set the image. You 
need to use the image’s resource ID, so you must generate it first by placing the image or 
icon in the /res/drawable directory. For example, if the icon’s file name is balloons, then the 
resource ID is R.drawable.balloons. Listing 6-9 demonstrates how to add an icon to a menu 
item.

Listing 6-9. Attaching an Icon to a Menu Item
//add a menu item and remember it so that you can use it 
//subsequently to set the icon on it.
Menultem item = menu.add(...);//supply the menu item details 
item.setIcon(R.drawable.balloons);

The icon shows as long as the menu item is displayed on the main application screen. If 
it’s displayed as part of the expanded menu, the icon doesn’t show, just the text. There is 
an icon tag available as well to indicate the icon in an XML menu resource file. There are 
conditions under which Android may choose not to show the icons and recommends that 
text is always provided.

Working with Submenus
A Menu object can have multiple SubMenu objects. Each SubMenu object is added to the Menu 
object through a cali to the Menu.addSubMenu() method (see Listing 6-10). You add menu 
items to a submenu the same way that you add menu items to a menu. This is because 
SubMenu is also derived from a Menu object. However, you cannot add additional submenus to 
a submenu.

Listing 6-10. Adding Submenus
Private void addSubMenu(Menu menu){

//Secondary items are shown just like everything else
int base=Menu.FIRST + 100;
SubMenu sm = menu.addSubMenu(base,base+l,Menu.NONĘ/'submenu");
sm.add(base,base+2,base+2,"sub iteml");
sm.add(base,base+3,base+3,"sub item2");
sm.add(base,base+4,base+4,"sub item3");

//the following is ok
sm.setlcon(R.drawable.icon48x48_l);

//This will result in runtime exception
//sm.addSubMenu("try this");
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Notę SubMenu, as a subclass of the Menu object, continues to carry the addSubMenu() method. 
The compiler won't complain if you add a submenu to another submenu, but you'll get a runtime 
exception if you try to do it.

The Android SDK documentation also suggests that submenus do not support icon menu 
items. When you add an icon to a menu item and then add that menu item to a submenu, 
the menu item ignores that icon, even if you don’t see a compile-time or runtime error. 
However, the submenu itself can have an icon.

Working with Context Menus
Android supports the idea of context menus through an action called a long click. A long 
click is a long press held down slightly longer than usual on any Android view. An activity 
owns a regular options menu, whereas a view owns a context menu. This is to be expected, 
because the long clicks that activate context menus apply to the view being clicked. So an 
activity can have only one options menu but many context menus.

Registering a View for a Context Menu
The first step in implementing a context menu is to register a view for the context menu in an 
activity’s onCreate() method. You can register a TextView for a context menu by using the 
codę in Listing 6-11. You first find the TextView and then cali registerForContextMenu() on 
the activity using the TextView as an argument. This sets up the TextView for context menus-

Listing6-11. Registeringa TextView fora ContextMenu
@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

TextView tv = (TextView)this.findViewById(R.id.textViewId); 
registerForContextMenu(tv);

}

Populating a Context Menu
Once a view like the TextView in this example is registered for context menus, Android 
calls the onCreateContextMenu() method with this view as the argument. This is where you 
can populate the context menu items for that context menu. The onCreateContextMenu() 
callback method provides three arguments to work with. Listing 6-12 demonstrates the 
onCreateContextMenu() method.
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Listing 6-12. The onCreateContextMenu() Method
^erride
Public void onCreateContextMenu(ContextMenu menu, View v, ContextMenuInfo menulnfo){ 

menu.setHeaderTitle("Sample Context Menu");
menu.add(200, 200, 200, "iteml");

The first argument is a preconstructed ContextMenu object, the second is the view (such 
as the TextView) that generated the callback, and the third is the ContextMenuInfo class. 
^or a lot of simple cases, you can just ignore the ContextMenuInfo object. However, some 
views may pass extra information through this object. In those cases, you need to east the 
ContextMenuInfo class to a subclass and then use the additional methods to retrieve the 
additional information.
Some examples of classes derived from ContextMenuInfo include AdapterContextMenuInfo 
and ExpandableListContextMenuInfo. Views that are AdapterViews such as the ListView in 
Android use the AdapterContextMenuInfo class to pass the row ID within that view for which 
the context menu is being displayed. In a sense, you can use this class to further clarify the 
°bject underneath the touch or the click, even within a given composite view.

Responding to Context Menu Items
Android provides a callback method similar to onOptionsItemSelectedO called 
°nContextItemSelected(). Listing 6-13 demonstrates onContextItemSelected().

Listing 6-13. Responding to Contert Menus
//This method is available for all activities @0verride
Public boolean onContextItemSelected(MenuItem item) { 

if (item.getltemld() == some-menu-item-id) { 
//handle this menu item 
return true;

}
••• other exception processing

Incorporating Dynamie Menus
So far, we’ve talked about static menus—you set them up once, and they don’t change 
dynamically according to whafs onscreen. If you want to create dynamie menus, use 
the onPrepareOptionsMenu() method that Android provides on an activity class. This 
Tiethod resembles onCreateOptionsMenu() except that it is called every time a menu is 
displayed prior to displaying. You should use onPrepareOptionsMenu() along with the 
°nCreateOptionsMenu() to effectively manage your menu if it has dynamie menu options. 
°nPrepareOptionMenu() is where you want to enable or disable some menu items or menu 
9roups based on what you are displaying. For 3.0 and above when you want to change a 
Tenu, because a menu-related component like the action bar is always displayed, you have
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to explicitly cali a new provisioned method called Activity.invalidateOptionsMenu(), which 
in turn invokes the onCreateOptionsMenu() and redraws the menu and thereby also results 
in calling onPrepareOptionsMenu() prior to the display. You can cali this method any time 
something changes in your application state that would reguire a change to the menu.

Working with Pop-up Menus
Android 3.0 introduced another type of menu called a pop-up menu. SDK 4.0 enhanced 
this slightly by adding a couple of utility methods (for example, PopupMenu.inflate) to the 
PopupMenu class. (See the PopupMenu API documentation to learn about these methods. 
Listing 6-14 also draws attention to this difference.)

A pop-up menu can be invoked against any view in response to any Ul event. An example 
of a Ul event is a button click or a click on an image view. Figure 6-1 shows a pop-up menu 
invoked against a view.

Figure 6-1. Pop-up menu attached to a text view

To create a pop-up menu like the one in Figure 6-1, start with a regular XML menu file 
and use the Java codę in Listing 6-14 to load this menu XML as a pop-up menu. See the 
downloadable project for this chapter if you want to see the fuli implementation.
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Listing 6-14. Working with a Pop-up Menu
//Other activity codę goes here...
//Invoke the following method to show a popup menu
Private void showPopupMenu() {

//Get hołd of a view to anchor the popup
TextView tv = findViewBy!d(R.id.SOME_TEXT_VIEW_ID);

//instantiate a popup menu. var "this" stands for activity 
PopupMenu popup = new PopupMenu(this, tv);

//the following codę for 3.0 sdk
//popup.getMenuInflater().inflate(R.menu.popup_menu, popup.getMenu());
//Or in sdk 4.0 and above
popup.inflate(R.menu.popup_menu);
popup.setOnMenu!temClickListener(new PopupMenu.OnMenuItemClickListener() { 

public boolean onMenu!temClick(MenuItem item) { 
//do something here 
return true; } } );

popup.show();

As you can see, a pop-up menu behaves much like an options menu. The key differences 
are as follows:

■ A pop-up menu 'is used on demand, whereas an options menu is always 
available.

■ A pop-up menu is anchored to a view, whereas an options menu 
belongs to the entire activity.

■ A pop-up menu uses its own menu item callback, whereas the options 
menu uses the onOptionsItemSelected() callback on the activity.

Exploring Action Bars
Produced in Android 3.0 and expanded in Android 4.0, an ActionBar extends the reach of 
Tenus into the title bar of an activity. This allows freąuently used actions easily available to 
*he user without searching through option menus or context menus. In addition to icons and 
^enu items, an action bar can accommodate other views such as tabs, or a list, or a search 
box to help with navigation. Figure 6-2 shows an action bar in tabbed navigation modę.

Fi9ure 6-2. An activity with a tabbed action bar
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You can see the various parts of an action bar here. The icon at upper left on the action bar 
is called a Home icon. Clicking this Home icon sends a callback to the option menu with 
menu ID android.R.id.home. Followed by the home icon is the title area for this activity. Then 
you see a set of tabs (or a drop-down list if this were to be a list-based action bar). In the 
middle, you see search view. Towards the end, you see a set of action icons. The last part of 
this action bar is a dotted vertical linę representing the menu for this activity. When you click 
on that icon, a standard drop-down menu will appear (See Figure 6-3).

The action bar you see in Figure 6-1 is a tabbed action bar. The two other modes of an 
action bar are a standard and a list. In a list action bar, the tabs are replaced by a drop-down 
list. In a standard action bar, there is no area set aside for a list or tabs. Now, let’s show you 
how to implement a simple standard action bar.

Implementing a Standard Action Bar
Listing 6-15 presents sample source codę for implementing a standard navigation action bar 
for an activity.

Listing 6-15. Standard Navigation Action BarActivity
public class StandardNavigationActionBarActivity extends Activity {

II .......  other codę
@0verride
public void onCreate(Bundle savedlnstance5tate) {

super.onCreate(saved!nstanceState);

ActionBar bar = this.getActionBar();
bar.setTitle("Some title of your choosing");
bar.setNavigationMode(ActionBar.NAVIGATION_MODE_STANDARD);

}
public boolean onCreateOptionsMenu(Menu mainMenu) {

//load the menu xml file into the mainMenu object as usual here 
return true;

}
}

As you can see from Listing 6-15, it is easy to work with an action bar. Notice in that listing 
how we have used the getActionBar() to get access to the action bar object and then set its 
title and navigation modę. Any menu you set in the onCreateOptionsMenu() can be invoked 
directly from the action bar as shown in Figure 6-3. (However, when a menu is presented in 
this fashion from an action bar, due to space limitations, the system may not show the icons 
along with menu text.)
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Figurę 6-3. An actiyity with an action bar and expanded menu

With the introduction of action bar, the menu XML file is enhanced with new attributes to 
•ndicate some menu items to be shown in the action bar directly as icons. (You can see 
these icons in action bar above the expanded menu in Figurę 6-3). The XML menu file 
example in Listing 6-16 demonstrates how a menu item can be specified to become an icon 
directly on the action bar.

Listing 6-16. Menu XML File for This Project
— /res/menu/menu.xml -->

<menu
Xmlns:android="http://schemas.android.com/apk/res/android">

<!-- This group uses the default category. -->
<group android:id="@+id/menuGroup_Main">

<!-- a regular menu item -->
<item android:id="@+id/menu_da_clear" 

android:title=”clear" />
<!--item to be shown directly on the action bar-->
<item android:id="@+id/menu_action_iconl"

android:title="Action Iconl"
android:icon="@drawable/creep001"
android:showAsAction="ifRoom"/>

<!-- ..other menu items-->
</group>

</menu>

^he menu items that are to be shown on the action bar are indicated with the tag 
showAsAction. In the preceding codę, this attribute is set to "ifRoom". The other possible 
values for this XML tag are as follows: always, never, withText, collapseActionView. You 
can also accomplish the same effect with a Java API available on the Menultem class. The 
option always means “show this item as a button in the action bar.” The option never means 
Peyer show this item.” The option withText means “show this item with its text label and 

icon.” The option collapseActionView means “collapse the space taken by the action 
view of this action menu item when not selected.” Because these actions are merely menu 
'tems, they behave as such and cali the onOptionsItemSelectedO callback method of the 
activity class.

http://schemas.android.com/apk/res/android
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Implementing a Tabbed Action Bar
Listing 6-17 shows how to setup a tabbed action bar.

Listing 6-17. Tab-Navigation-Enabled Action BarActivity

//Activity Source codę
public class TabNavigationActionBarActivity extends Activity {

@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
workwithTabbedActionBar();

}
public void workwithTabbedActionBar() {

ActionBar bar = this.getActionBar();
bar.setTitle(tag);
bar.setNavigationMode(ActionBar.NAVIGATION_MODE_TABS);
TestTabListener tl = new TestTabListener();
Tab tabl = bar.newTab();
tabl.setText("Tabl"); tabl.setTabListener(tl); bar.addTab(tabl);
Tab tab2 = bar.newTab();
tab2.setText("Tab2"); tab2.setTabListener(tl); bar.addTab(tab2); 

}
}//eof-class

A tabbed action bar, as the name suggests, has multiple tabs. In Listing 6-17 you see 
that there are a few additional methods and classes that are used to work with tabbed 
action bars. Unlike a standard action bar, a tabbed action bar requires a tab listener for 
each tab. This listener needs to implement the TabListener interface. In Listing 6-18 the 
class TestTabListener implements the TabListener interface. If you forget to cali the 
setTabListener() method on a tab that is added to the action bar, you get a runtime error 
indicating that a listener is needed. Listing 6-18 shows the codę for the TestTabListener class-

Listing 6-18. Tab Listener to Respond to Tab Actions
public class TestTabListener implements ActionBar.TabListener {

// constructor codę
public TestTabListener(){}

II callbacks
public void onTabReselected(Tab tab, FragmentTransaction ft) { 

//apply necessary logie here
}
public void onTabSelected(Tab tab, FragmentTransaction ft) { 

//apply necessary logie here
}
public void onTabUnselected(Tab tab, FragmentTransaction ft) { 

//apply necessary logie here
}

}
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tabs are selected and unselected, the callback methods in Listing 6-18 will be called.
Action bar is a property of the activity and does not cross activity boundaries. In other
^ords, one cannot use an action bar to control or influence multiple activities. Each activity
rnust provision its own action bars. Any commonality of actions between action bars is left
to the programmer to orchestrate.

'o Listing 6-17, once we obtained the action bar for an activity, we set its navigation modę to 
ActionBar.NAVIGATION_MODE_TABS. The other two possible action bar navigation modes are 
NAVIGATION_MODE_LIST and NAVIGATION_MODE_STANDARD. Let’s see now how to implement a 
l'st-based action bar.

Implementing a List-Based Action Bar
To be able to initialize an action bar with list navigation modę, you need the following 
two things:

■ A spinner adapter that can be used populate the drop-down list of 
navigation choices.

■ A list navigation listener so that when one of the list items is picked you 
can get a callback.

Listing 6-19 presents the SimpleSpinnerArrayAdapter that implements the SpinnerAdapter 
lnterface. As stated earlier, the goal of this class is to give a list of items to show.

Listing 6-19. Creating a SpinnerAdapter for List Navigation

P^lic class SimpleSpinnerArrayAdapter extends ArrayAdapter<String>
lmPlements SpinnerAdapter {

public SimpleSpinnerArrayAdapter(Context ctx) {
super(ctx,

android.R.layout.simple_spinner_item,
new String[]{"one","two"});

this.setDropDownViewResource(
android.R.layout.simple_spinner_dropdown_item);

}
public View getDropDownView(int position, View convertView, ViewGroup parent) {

return super.getDropDownView(
position, convertView, parent);

There is no SDK class that directly implements the SpinnerAdapter interface reąuired 
by list navigation. So, you derive this class from an ArrayAdapter and provide a simple 
lrT1Plementation for the SpinnerAdapter. At the end of the chapter is a reference URL on 
sPinner adapters for further reading. Let’s move on now to the list navigation listener. This is
9 simple class implementing the ActionBar.OnNavigationListener. Listing 6-20 shows the 
c°de for this class.



156 CHAPTER 6: Working with Menus and Action Bars

Listing 6-20. Creating a List Listener for List Navigation
public class ListListener implements ActionBar.OnNavigationListener {

//simple constructor...
public ListListener(){)
//needed callback to respond to actions
public boolean onNavigation!temSelected(int itemPosition, long itemld) { 

//respond and return true 
return true;

}
}

You now have what you require to set up a list navigation action bar. The source codę 
necessary for working with a list-based action bar is shown in Listing 6-21.

Listing 6-21. List Navigation Action BarActivity
//Activity Source codę
public class TabNavigationActionBarActivity extends Activity {

@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
workwithTabbedActionBar();

}
public void workwithListActionBar() {

ActionBar bar = this.getActionBar();
bar.setTitle("title");
bar.setNavigationMode(ActionBar.NAVIGATION_MODE_LIST);
bar.set ListNavigationCallbacks(

new SimpleSpinnerArrayAdapter(this), 
new ListListener());

}
}//eof-class

Figurę 6-4 shows how a list bar action bar looks when expanded.

List NdVigation ActionBarActivity one 9 m
list listener:ItemPostion:0
List Navigation ActionBarActivitj one

two

Figurę 6-4. An activity with an opened navigation list

That concludes how we can use an action bar for regular menus, tabbed navigation, and 
list-based navigation. Let’s see now how we can embed a search view like the one shown if 
Figurę 6-2.
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Exploring Action Bar and Search View
This section shows how to use a search widget in the action bar. You need the following to 
use search in your action bar:

1. Define a menu item in a menu XML file pointing to a search view 
class provided by the SDK. You also need an activity into which you 
can load this menu. This is often called the search invoker activity.

2. Create another activity that can take the query from the search view 
in step 1 and provide results. This is often called the search results 
activity.

3. Create an XML file that allows you to customize the search view in 
the action bar. This file is often called searchable.xml and resides in 
the res/xml subdirectory.

4. Declare the search results activity in the manifest file. This definition 
needs to point to the XML file defined in step 3.

5. In your menu setup for the search invoker activity, indicate that the 
search view needs to target the search results activity from step 2.

Let’s start with the Search view widget.

Defining a Search View Widget as a Menu Item
To define a search view to appear in the action bar of your activity, you need to define a 
Tlenu item in one of your menu XML files, as shown in Listing 6-22.

Listing 6-22. Search View Menu Item Definition
<11601 android: id="@+id/menu_search"

android:title="Search"
android: show As Ac t ion=" if Room "
android:actionViewClass="android.widget.SearchView"
/>

The key element in Listing 6-22 is the actionViewClass attribute pointing to 
android.widget.SearchView. You saw the other attributes earlier in the chapter when you 
cleclared your normal menu items to appear as action icons in the action bar.
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Creating a Search Results Activity
To enable search in your application, you need an activity that can respond to a search 
query. This can be like any other activity. An example is shown in Listing 6-23.

Listing 6-23. Search Results ActMty
public class SearchResultsActivity extends Activity {

public static String tag = "SearchResultsActivity ";
@Override
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
finał Intent querylntent = getlntent();
doSearchOuery(queryIntent);

}
@0verride
public void onNewIntent(final Intent newlntent) {

super.onNewIntent(newIntent);
finał Intent querylntent = getlntent();
do5earch0uery(querylntent);

}
private void doSearchQuery(final Intent querylntent) { 

finał String queryAction = queryIntent.getAction(); 
if (!(Intent.ACTION_SEARCH.equals(queryAction))) { 

Log.d(tag,"intent NOT for search");
return;

}
finał String queryString = queryIntent.getStringExtra(SearchManager.QUERY); 
Log.d(tag, queryString);

}
}//eof-class

In Listing 6-23, the activity checks to see whether the action that invoked it is initiated by 
search. Or, this activity could have been newly created or just brought to the top, in which 
case it needs to do something identical to the onCreate() method in its onNewłntent() 
method as well. On the other hand, if this activity is invoked by search, it retrieves the query 
string using an extra parameter called SearchManager.OUERY. Then the activity logs what that 
string is. In a real scenario, you would use that string to paint matching results.

Specifying a Searchable XML File
As indicated in the earlier steps, let’s look at the XML file that is required and customizes the 
search widget; see Listing 6-24.

Listing 6-24. Searchable XML File
<!-- /res/xml/searchable.xml -->
csearchable xmlns:android="http://schemas.android.com/apk/res/android"

android:label="@string/search_label"
android:hint="@string/search_hint"

/>

http://schemas.android.com/apk/res/android
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The hint attribute will appear on the search view widget as a hint that disappears when you
start typing. The label doesn’t play a significant role in the action bar. However, when you
use the same search results activity in a search dialog, the dialog has the label defined here.
You can learn more about searchable XML attributes at the following URL:

http://developer.android.com/guide/topics/search/searchable-config.html

Defining the Search Results Activity in the Manifest File
Now let’s see how to tie this XML file to the search results activity. This is done in the 
Manifest file as part of defining the search results activity: see Listing 6-25. Notice the 
Tetadata definition pointing to the searchable XML file resource.

Listing 6-25. Tying anActivity to Its Searchable.xml
<activity android:name=".SearchResultsActivity"

android:label="Search Results">
<intent-filter>

<action android:name="android.intent.action.SEARCH"/>
</intent-filter>
<meta-data android:name="android.app.searchable" 

android:resource="@xml/searchable"/>
</activity>

Identifying the Search Target for the Search View Widget
So far, you have the search view in your action bar, and you have the activity that can 
respond to search. You need to tie together these two pieces using Java codę. You do this 
'h the onCreateOptions() callback of the search-invoking activity as part of setting up your 
Tlenu. The function in Listing 6-26 can be called from onCreateOptions() to link the search 
view widget and the search results activity.

Listing 6-26. Tying the Search View Widget to the Search Results Activity

Private void setupSearchView(Menu menu) {
//Stępi: Locate the search view widget
SearchView searchView = (SearchView) menu.findItem(R.id.menu_search).getActionView();
//report error and return if searchView is nuli

//Step2: get SearchManager and searchablelnfo
SearchManager
SearchManager = (SearchManager)getSystemService(Context.SEARCH_SERVICE);
ComponentName cn = new ComponentName(this,SearchResultsActivity.class);
Searchablelnfo info = SearchManager.getSearchablelnfo(cn);
//report error and return if searchable info is nuli

//Step3: set searchablelnfo on the searchview widget 
searchView.setSearchablelnfo(info);
//Do not iconify the widget; expand it by default 
searchView.set!conifiedByDefault(false);

http://developer.android.com/guide/topics/search/searchable-config.html
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Let’s walk through what is happening in Listing 6-26. The goal of this codę is to tell the 
search view where it can find the searchable.xml that defines the search behavior. To do 
this, the first step is to get a reference to the SearchView. This is done through the Menu 
object. The second step is to ask the system-wide search manager what searchable 
XML file is tied to the activity SearchResultsActivity. This is done by calling the method 
getSearchablelnfo on the SearchManager system sen/ice. Once we have the Searchablelnfo 
object representing the XML file, we pass that information to the SearchView object. With all 
this in place, now if you type something in the search box, that information will be passed to 
the search results activity, which will show the results.

Android Search API is a large API with a lot of nuances that, due to space, we have 
not included in this book. There are three suggestions. We have provided a URL in the 
“Resources” section that points to a series of articles and notes on the Google search API- 
We also have a large chapter on Search from the previous edition madę available online. The 
link to this is also in the “Resources” section. We have also updated that Search materiał 
from the previous edition and added that content to the Expert Android edition from Apress.

Resources
As you learn about and work with Android menus and action bars, you may want to keep the 
following URLs handy:

■ : Primaryhttp://developer.android.com/guide/topics/ui/menus.html
document from Google describing how to work with menus.

■ 
: Information about various XML tags you can use in a 

menu resource.

http://developer.android.com/guide/topics/resources/menu- 
resource.html

■ : API URL for the ActionBar class.http://developer.android.com/reference/android/app/ActionBar.html
■ : Our research on action bar, 

including a list of further references, sample codę, links to examples, 
and Ul figures representing various action bar modes.

http://www.androidbook.com/item/3624

■ : To set up list navigation modę, 
you need to understand how drop-down lists and spinners work. This 
brief article shows a few samples and reference links on how to use 
spinners in Android.

http://www.androidbook.com/item/3627

■ : Explains how search works, to 
help you utilize the action bar to its fuli extent.
http://www.androidbook.com/item/3885

■ : Web site from which a couple ofthe 
icons used in this chapter are borrowed. These icons are under Creative 
Commons License 3.0.

http://www.androidicons.com

■ : “Pleasing Android Layouts.” 
A few notes and sample codę for simple layouts.
http://www.androidbook.com/item/3302

http://developer.android.com/guide/topics/ui/menus.html
http://developer.android.com/guide/topics/resources/menu-resource.html
http://developer.android.com/reference/android/app/ActionBar.html
http://www.androidbook.com/item/3624
http://www.androidbook.com/item/3627
http://www.androidbook.com/item/3885
http://www.androidicons.com
http://www.androidbook.com/item/3302


CHAPTER 6: Working with Menus and Action Bars 161

■ : You will find here a free copy 
of the Search chapter from the previous edition. This provides extensive 
coverage on Android search.

http://www.androidbook.com/item/4O6O

■ : Project download 
URL for this book. The downloadable project ZIP files for this chapter 
areProAndroid5_chO6_TestMenus.zip and ProAndroid5_chO6_ 
TestActionBar.zip.

http://androidbook.com/proandroid5/projects

Summary
Menus and action bars are an integral part of writing mobile apps. This chapter covers 
regular menus, context menus, pop-up menus, standard action bars, tabbed action bars, 
and list-based action bars. This chapter also covers the basics of how to embed a search 
view widget in an action bar.

http://www.androidbook.com/item/4O6O
http://androidbook.com/proandroid5/projects


Styles and Themes
^hus far, we have covered some fundamentals of the Android user interface (Ul). In this 
chapter, we are going to discuss styles and themes, which help to encapsulate control- 
aPpearance attributes for easier setup and maintenance. Android provides several ways to 
a>ter the style of views in your application, in XML and in codę. We’ll first cover using markup 
tags in strings and then how to use spannables to change specific visual attributes of text. 
But what if you want to control how things look using a common specification for several 
views or across an entire activity or application? We’ll discuss Android styles and themes to 
show you how.

Using Styles
Sometimes, you want to highlight or style a portion of the View’s content. You can do this 
ctatically or dynamically. Statically, you can apply markup directly to the strings in your string 
resources, as shown here:

<string name="styledText"xi>Static</i> style in a <b>TextView</b>.</string>

can then reference it in your XML or from codę. Notę that you can use the following 
^TMLtags with string resources: <i>, <b>, and <u>, for italics, bold, and underlined, 
respectively, as well as <sup> (superscript), <sub> (subscript), <strike> (strikethrough), <big>, 
<small>, and <monospace>. You can even nest these to get, for example, smali superscripts. 
•his works not just in TextViews but also in other views, like buttons. Figure 7-1 shows what 
styled and themed text looks like, using many of the examples in this section.
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10:11 PM I

Styles Demo
Please visit' . • \ : i ndii udhjob: n for morę
help on using Android.

Please vlslt ht< , or
email nie at .
Static style In a TextView. Here's str+ke-thK>ugh 
and here's SUbscript'four 5quared: H°w 
about BIG, smali and monospace? And finally, 
what about STOllsubscript5?

There's trcuble down at the Mil.

Figure 7-1. Examples of styles and themes

Styling a TextView control’s content programmatically requires a little additional work but 
allows for much morę flexibility (see Listing 7-1), because you can style it at runtime. This 
flexibility can only be applied to a spannable, though, which is how EditText normally 
manages the internal text, whereas TextView does not normally use Spannable. Spannable is 
basically a String that you can apply styles to. To get a TextView to storę text as a spannable, 
you can cali setText this way:

tv.setText("This text is stored in a Spannable", TextView.BufferType.SPANNABLE);

Then, when you cali tv.getText, youTI get a spannable.
As shown in Listing 7-1, you can get the content of the EditText (as a Spannable object) and 
then set styles for portions of the text. The codę in the listing sets the text styling to bold and 
italics and sets the background to red. You can use all the styling options as we have with 
the HTML tags as described previously, and then some.

Listing 7-1. Applying Styles Dynamically to the Content ofan EditText
EditText et =(EditText)this.findViewById(R.id.et);
et.setText("Styling the content of an EditText dynamically");
Spannable spn = (Spannable) et.getText();
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spn.setSpan(new BackgroundColorSpan(Color.RED), o, 7, 
Spannable.SPAN_EXCLUSIVE_EXCLUSIVE);

sPn.setSpan(new StyleSpan(android.graphics.Typeface.BOLD_ITALIC), 
O, 7, Spannable.SPAN_EXCLUSIVE_EXCLUSIVE);

These two techniques for styling only work on the one view they’re applied to. Android 
Provides a style mechanism to define a common style to be reused across views, as well 
as a theme mechanism, which basically applies a style to an entire activity or the entire 
application. To begin with, we need to talk about styles.

A style is a collection of View attributes that is given a name so you can refer to that 
collection by its name and assign that style by name to views. For example, Listing 7-2 
shows a resource XML file, saved in /res/values, that we could use for all error messages.

Listing 7-2. Defining a Style to Be UsedAcross Many Views
<?xml version="1.0" encoding="utf-8"?>
<iesources>

<style name="ErrorText">
<item name="android:layout_width">fill_parent</item>
<item name="android:layout_height">wrap_content</item> 
citem name="android:textColor">#FFOOOO</item>
<item name="android:typeface">monospace</item>

</style>
</resources>

The size of the view is defined as well as the font color (red) and typeface. Notice how the 
name attribute of the item tag (e.g., android:layout_width) is the XML attribute name we used 
in our layout XML files in earlier chapters, and the value of the item tag no longer reąuires 
double ąuotes. We can now use this style for an error TextView, as shown in Listing 7-3.

Listing 7-3. Using a Style in a View
<TextView android:id="@+id/errorText"

style="@style/ErrorText"
android:text="No errors at this time"
/>

it is important to notę that the attribute name for a style in this View definition does not start 
With android:. Watch out for this, because everything seems to use android: except the 
style. When you’ve got many views in your application that share a style, changing that 
style in one place is much simpler; you only need to modify the style’s attributes in the one 
resource file.
Tou can, of course, create many different styles for various Controls. For example, buttons 
c°uld share a common style that is different from the common style for text in menus. 
it is common to see text attributes managed with styles, including android :textColor, 
ar>droid:textStyle, and android:textSize. Other common attributes used with styles include 
the padding values, android:background, and colors.
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One really nice aspect of styles is that you can set up a hierarchy of them. We could define
a new style for really bad error messages and base it on the style of ErrorText. Listing 7-4
shows how this might look.

Listing 7-4. Defining a Style from a Parent Style
<?xml version="1.0" encoding="utf-8"?>
<resources>

<style name="ErrorText.Danger" >
<item name="android:textStyle">bold</item>

</style>
</resources>

This example shows that we can simply name our child style using the parent style as 
a prefix to the new style name. Therefore, ErrorText.Danger is a child of ErrorText and 
inherits the style attributes of the parent. It then adds a new attribute for textStyle. This can 
be repeated again and again to create a whole tree of styles.

As was the case for adapter layouts, Android provides a large set of styles that we can use. 
To specify an Android-provided style, use syntax like this:

style="@android:style/TextAppearance"

This style sets the default style for text in Android. To locate the master Android styles.xml 
file, visit the Android SDK/platforms/<android-version>/data/res/values/ folder, where 
you installed the Android SDK; <android-version> is the particular version of Android you 
want to see styles for. Inside this file, you will find quite a few styles that are ready-made for 
you to use or extend. A quick notę about @android:style/TextAppearance: this style does 
not set android:layout_height or android :layout_width, so a View specification would 
need more than this style to compile properly.
Here’s a word of caution about extending the Android-provided styles: the previous method 
of using a prefix won’t work with Android-provided styles. Instead, you must use the parent 
attribute of the style tag, like this:

<style name="CustomTextAppearance" parent="@android:style/TextAppearance">
<item ... your extensions go here ... />

</style>

You don’t always have to puli in an entire style on your view. You could choose to borrow 
just a part of the style instead. For example, if you want to set the color of the text in your 
TextView to a system style color, you could do the following:

<TextView android:id="@+id/tv2"
android:layout_width="fill_parent" android:layout_height="wrap_content" 
android:textColor="?android:textColorSecondary" 
android:text="@string/hello_world" />

Notice that in this example, the name of the textColor attribute value starts with the ? 
character instead of the @ character. The ? character is used so Android knows to look for a 
style value in the current theme. Because we see ?android, we look in the Android system 
theme for this style value.
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Using Themes
One problem with styles is that you need to add an attribute specification of style="@style/..." 
to every view definition that you want it to apply to. If you have some style elements you want 
aPplied across an entire activity, or across the whole application, you should use a theme 
lnstead. A theme is really just a style applied broadly; but in terms of defining a theme, ifs exactly 

a style. In fact, themes and styles are fairly interchangeable: you can extend a theme into a 
style or refer to a style as a theme. Typically, only the names give a hint as to whether a style is 
'ntended to be used as a style or a theme.
T° specify a theme for an activity or an application, you would add an attribute to the 
<activity> or <application> tag in the AndroidManifest.xml file for your project. The codę 
toight look like one of these:

<activity android:theme="@style/MyActivityTheme">
Application android: theme= "iąstyle/MyApplicationTheme">
Application android:theme="@android:style/Theme.NoTitleBar">

You can find the Android-provided themes in the same folder as the Android-provided styles, 
with the themes in a file called themes.xml. When you look inside the themes file, you will see 
a large set of styles defined, with names that start with Theme. It might be good to read that 
last linę a few times. Put another way, all styles and themes are of type style, even if the style 
^dme has “Theme” in it. You will also notice that within the Android-provided themes and 
styles, there is a lot of extending going on, which is why you end up with styles called 
Theme.Dialog.AppError, for example.

References
Here are some helpful references to topics you may wish to explore further:

■ : A list of downloadable 
projects related to this book. For this chapter, look for a ZIP file called 
ProAndroid5_ChO7_Styles.zip. This ZIP file contains all projects 
from this chapter, listed in separate root directories. There is also a 
README.TXT file that describes exactly how to import projects into 
your IDE from one of these ZIP files.

www.androidbook.com/proandroid5/projects

■ : The Android guide to styles and themes.http://developer.android.com/guide/topics/ui/themes.html

Summary
Lets conclude this chapter by guickly enumerating what you have learned about styles and 
toemes:

■ Styles are just collections of view attributes for easy reuse across views, 
activities, and applications.

■ You can make your own styles, use a predefined style, or extend an 
existing style.

■ Themes are what you cali a style when it is applied to an activity or 
application.

http://www.androidbook.com/proandroid5/projects
http://developer.android.com/guide/topics/ui/themes.html


Chapter

Fragments
So far, we’ve explored several bits and pieces of an Android application, and you’ve run 
s°rne simple applications tailored to a smartphone-sized screen. All you had to think about 
was how to lay out the Ul Controls on the screen for an activity, and how one activity flowed 
to the next, and so on. For the first two major releases of Android, smali screens were it. 
^hen came the Android tablets: devices with screen sizes of 10". And that complicated 
things. Why? Because now there was so much screen real estate that a simple activity had 
a hard time filling a screen while at the same time keeping to a single function. It no longer 
^ade sense to have an e-mail application that showed only headers in one activity (filling a 
lafge screen), and a separate activity to show an individual e-mail (also filling a large screen). 
With that much room to work with, an application could show a list of e-mail headers down 
the left side of the screen and the selected e-mail contents on the right side of the screen. 
Gould it be done in a single activity with a single layout? Well, yes, but you couldn’t reuse 
that activity or layout for any of the smaller-screen devices.

Gne of the core classes introduced in Android 3.0 was the Fragment class, especially 
Assigned to help developers manage application functionality so it would provide great 
usability as well as lots of reuse. This chapter will introduce you to the fragment, what it 
ls> how it fits into an application’s architecture, and how to use it. Fragments make a lot 
°f interesting things possible that were difficult before. At about the same time, Google 
released a fragment SDK that works on old Androids. So even if you weren’t interested in 
Writing applications for tablets, you may have found that fragments madę your life easier on 
n°n-tablet devices. Now ifs easier than ever to write great applications for smartphones and 
tablets and even TVs and other devices.

Let’s get started with Android fragments.

What Is a Fragment?
This first section will explain what a fragment is and what it does. But first, lefs set the stage 
to see why we need fragments. As you learned earlier, an Android application on small- 
Screen devices uses activities to show data and functionality to a user, and each activity has 
a fairly simple, well-defined purpose. For example, an activity might show the user a list of 
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contacts from their address book. Another activity might allow the user to type an e-mail. 
The Android application is the series of these activities grouped together to achieve a larger 
purpose, such as managing an e-mail account via the reading and sending of messages. 
This is fine for a small-screen device, but when the user’s screen is very large (10" or larger), 
there’s room on the screen to do more than just one simple thing. An application might want 
to let the user view the list of e-mails in their inbox and at the same time show the currently 
selected e-mail text next to the list. Or an application might want to show a list of contacts 
and at the same time show the currently selected contact in a detail view.

As an Android developer, you know that this functionality could be accomplished by defining 
yet another layout for the xlarge screen with ListViews and layouts and all sorts of other 
views. And by “yet another layout” we mean layouts in addition to those you’ve probably 
already defined for the smaller screens. Of course, you’ll want to have separate layouts for 
the portrait case as well as the landscape case. And with the size of an xlarge screen, this 
could mean quite a few views for all the labels and fields and images and so on that you’II 
need to lay out and then provide codę for. If only there were a way to group these view 
objects together and consolidate the logie for them, so that chunks of an application could 
be reused across screen sizes and devices, minimizing how much work a developer has to 
do to maintain their application. And that is why we have fragments.

One way to think of a fragment is as a sub-activity. And in fact, the semantics of a fragment 
are a lot like an activity. A fragment can have a view hierarchy associated with it, and it has 
a life cycle much like an activity’s life cycle. Fragments can even respond to the Back button 
like activities do. If you were thinking, “If only I could put multiple activities together on a 
tablets screen at the same time,” then you’re on the right track. But because it would be too 
messy to have more than one activity of an application active at the same time on a tablet 
screen, fragments were created to implement basically that thought. This means fragments 
are contained within an activity. Fragments can only exist within the context of an activity; 
you can’t use a fragment without an activity. Fragments can coexist with other elements of 
an activity, which means you do not need to convert the entire user interface of your activity 
to use fragments. You can create an activity’s layout as before and only use a fragment for 
one piece of the user interface.

Fragments are not like activities, however, when it comes to saving state and restoring it 
later. The fragments framework provides several features to make saving and restoring 
fragments much simpler than the work you need to do on activities.

How you decide when to use a fragment depends on a few considerations, which are 
discussed next.

When to Use Fragments
One of the primary reasons to use a fragment is so you can reuse a chunk of user interface 
and functionality across devices and screen sizes. This is especially true with tablets. Think of 
how much can happen when the screen is as large as a tablets. It’s more like a desktop than 3 
phone, and many of your desktop applications have a multipane user interface. As described 
earlier, you can have a list and a detail view of the selected item on screen at the same time. 
This is easy to picture in a landscape orientation with the list on the left and the details on the 
right. But what if the user rotates the device to portrait modę so that now the screen is taller 
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than it is wide? Perhaps you now want the list to be in the top portion of the screen and the 
details in the bottom portion. But what if this application is running on a smali screen and 
there’s just no room for the two portions to be on the screen at the same time? Wouldn’t you 
want the separate activities for the list and for the details to be able to share the logie you’ve 
built into these portions for a large screen? We hope you answered yes. Fragments can help 
With that. Figurę 8-1 makes this a little clearer.

Portrait modę

Figure 8-1. Fragments used for a tablet Ul and for a smartphone Ul

'n landscape modę, two fragments may sit nicely side by side. In portrait modę, we might be 
able to put one fragment above the other. But if we’re trying to run the same application on 
a device with a smaller screen, we might need to show either fragment 1 or fragment 2 but 
n°t both at the same time. If we tried to manage all these scenarios with layouts, we’d be 
creating quite a few, which means difficulty trying to keep everything correct across many 
SeParate layouts. When using fragments, our layouts stay simple; each activity layout deals 
With the fragments as containers, and the activity layouts don’t need to specify the internal 
structure of each fragment. Each fragment will have its own layout for its internal structure 
ahd can be reused across many configurations.
Let’s go back to the rotating orientation example. If you’ve had to codę for orientation 
changes of an activity, you know that it can be a real pain to save the current state of the 
activity and to restore the state once the activity has been re-created. Wouldn’t it be nice if 
y°ur activity had chunks that could be easily retained across orientation changes, so you 
could avoid all the tearing down and re-creating every time the orientation changed? Of 
course it would. Fragments can help with that.
^°w imagine that a user is in your activity, and they’ve been doing some work. And imagine 
*hat the user interface has changed within the same activity, and the user wants to go back a 
step, or two, or three. In an old-style activity, pressing the Back button will take the user out 
°f the activity entirely. With fragments, the Back button can step baekward through a stack 
°t fragments while staying inside the current activity.
^ext, think about an activity’s user interface when a big chunk of content changes; you’d like 
to make the transition look smooth, like a polished application. Fragments can do that, too.

N°w that you have some idea of what a fragment is and why you’d want to use one, let’s dig 
9 little deeper into the structure of a fragment.
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The Structure of a Fragment
As mentioned, a fragment is like a sub-activity: it has a fairly specific purpose and almost 
always displays a user interface. But where an activity is subclassed from Context, a 
fragment is extended from Object in package android.app. A fragment is not an extension of 
Activity. Like activities, however, you will always extend Fragment (or one of its subclasses) 
so you can override its behavior.

A fragment can have a view hierarchy to engage with a user. This view hierarchy is like any 
other view hierarchy in that it can be created (inflated) from an XML layout specification 
or created in codę. The view hierarchy needs to be attached to the view hierarchy of the 
surrounding activity if it is to be seen by the user, which you’ll get to shortly. The view 
objects that make up a fragment’s view hierarchy are the same sorts of views that are used 
elsewhere in Android. So everything you know about views applies to fragments as well.

Besides the view hierarchy, a fragment has a bundle that serves as its initialization 
arguments. Similar to an activity, a fragment can be saved and later restored automatically 
by the system. When the system restores a fragment, it calls the default constructor (with 
no arguments) and then restores this bundle of arguments to the newly created fragment. 
Subsequent callbacks on the fragment have access to these arguments and can use them 
to get the fragment back to its previous state. For this reason, it is imperative that you

■ Ensure that there’s a default constructor for your fragment class.

■ Add a bundle of arguments as soon as you create a new fragment so 
these subsequent methods can properly set up your fragment, and so 
the system can restore your fragment properly when necessary.

An activity can have multiple fragments in play at one time; and if a fragment has been 
switched out with another fragment, the fragment-switching transaction can be saved on 
a back stack. The back stack is managed by the fragment manager tied to the activity. 
The back stack is how the Back button behavior is managed. The fragment manager is 
discussed later in this chapter. What you need to know here is that a fragment knows which 
activity it is tied to, and from there it can get to its fragment manager. A fragment can also 
get to the activity’s resources through its activity.

Also similar to an activity, a fragment can save state into a bundle object when the 
fragment is being re-created, and this bundle object gets given back to the fragmenfs 
onCreate() callback. This saved bundle is also passed to onlnflate(), onCreateView(), 
and onActivityCreated(). Notę that this is not the same bundle as the one attached as 
initialization arguments. This bundle is one in which you are likely to storę the current state ° 
the fragment, not the values that should be used to initialize it.

A Fragmenfs Life Cycle
Before you start using fragments in sample applications, you need understand the life cyd® 
of a fragment. Why? A fragmenfs life cycle is morę complicated than an activity’s life cyd®< 
and ifs very important to understand when you can do things with fragments. Figure 8-2 
shows the life cycle of a fragment.
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figure 8-2. Life cycle ofa fragment

you compare this to Figure 2-3 (the life cycle for an activity), you’II notice several differences, 
^ue mostly to the interaction required between an activity and a fragment. A fragment is very 
dependent on the activity in which it lives and can go through multiple steps while its activity 
9oes through one.
At the very beginning, a fragment is instantiated. It now exists as an object in memory. 
^he first thing that is likely to happen is that initialization arguments will be added to your 
fragment object. This is definitely true in the situation where the system is re-creating your 
fragment from a saved state. When the system is restoring a fragment from a saved state, 
^e default constructor is invoked, followed by the attachment of the initialization arguments 
bundle. If you are doing the creation of the fragment in codę, a nice pattern to use is that in 
Listing 8-1, which shows a factory type of instantiator within the MyFragment class definition.

Listing 8-1. Instantiating a Fragment Using a Static Factory Method

Public static MyFragment newlnstance(int index) {
MyFragment f = new MyFragment();
Bundle args = new Bundle();
args.putlnt("index", index);
f.setArguments(args);
return f;
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From the clients point of view, they get a new instance by calling the static newlnstance() 
method with a single argument. They get the instantiated object back, and the initialization 
argument has been set on this fragment in the arguments bundle. If this fragment is saved 
and reconstructed later, the system will go through a very similar process of calling the 
default constructor and then reattaching the initialization arguments. For your particular 
case, you would define the signature of your newlnstance() method (or methods) to take 
the appropriate number and type of arguments, and then build the arguments bundle 
appropriately. This is all you want your newlnstance() method to do. The callbacks that 
follow will take care of the rest of the setup of your fragment.

The onlnflate() Callback
The next thing that happens is layout view inflation. If your fragment is defined by a 
<fragment> tag in a layout, your fragments onlnflate() callback will be called. This passes 
in a reference to the surrounding activity, an AttributeSet with the attributes from the 
<fragment> tag, and a saved bundle. The saved bundle is the one with the saved state 
values in it, put there by onSaveInstanceState() if this fragment existed before and is being 
re-created. The expectation of onlnflate() is that you’ll read attribute values and save them 
for later use. At this stage in the fragment’s life, ifs too early to actually do anything with 
the user interface. The fragment is not even associated to its activity yet. But thafs the next 
event to occur to your fragment.

The onAttach() Callback
The onAttach() callback is invoked after your fragment is associated with its activity. The 
activity reference is passed to you if you want to use it. You can at least use the activity 
to determine information about your enclosing activity. You can also use the activity 
as a context to do other operations. One thing to notę is that the Fragment class has a 
getActivity() method that will always return the attached activity for your fragment should 
you need it. Keep in mind that all during this life cycle, the initialization arguments bundle is 
available to you from the fragmenfs getArguments() method. However, once the fragment is 
attached to its activity, you can’t cali setArguments() again. Therefore, you can’t add to the 
initialization arguments except in the very beginning.

The onCreate() Callback
Next up is the onCreate() callback. Although this is similar to the activity’s onCreate(), the 
difference is that you should not put codę in here that relies on the existence of the activity s 
view hierarchy. Your fragment may be associated to its activity by now, but you haven’t yet 
been notified that the activity’s onCreate() has finished. Thafs coming up. This callback gets 
the saved State bundle passed in, if there is one. This callback is about as early as possible 
to create a background thread to get data that this fragment will need. Your fragment codę 
is running on the Ul thread, and you don’t want to do disk input/output (l/O) or network 
accesses on the Ul thread. In fact, it makes a lot of sense to fire off a background thread to 
get things ready. Your background thread is where blocking calls should be. You’ll need to 
hook up with the data later, perhaps using a handler or some other technigue.
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Notę One of the ways to load data in a background thread is to use the Loader class. This will be
covered in Chapter 28.

The onCreateView() Callback

next callback is onCreateView(). The expectation here is that you will return a view 
hierarchy for this fragment. The arguments passed into this callback include a Layoutlnflater 
which you can use to inflate a layout for this fragment), a ViewGroup parent (called Container 
ln Listing 8-2), and the saved bundle if one exists. It is very important to notę that you should 
n°t aftach the view hierarchy to the ViewGroup parent passed in. That association will happen 
automatically later. You will very likely get exceptions if you aftach the fragment’s view 
hierarchy to the parent in this callback—or at least odd and unexpected application behavior.

listing 8-2. Creating a Fragment View Hierarchy in onCreateView()
@°verride
Public View onCreateView(Layoutlnflater inflater,

ViewGroup Container, Bundle saved!nstanceState) { 
if(container == nuli) 

return nuli;

View v = inflater.inflate(R.layout.details, Container, false);
TextView textl = (TextView) v.findViewBy!d(R.id.textl);
textl.setText(myDataSet[ getPosition() ] );

, return v;

he parent is provided so you can use it with the inflate() method of the Layoutlnflater. If 
he parent Container value is nuli, that means this particular fragment won’t be viewed because 
here’s no view hierarchy for it to aftach to. In this case, you can simply return nuli from here. 
erT,ember that there may be fragments floating around in your application that aren’t being 
lsPlayed. Listing 8-2 shows a sample of what you might want to do in this method.

^ere you see h0W you can access a layout XML file that is just for this fragment and inflate
1 a view that you return to the caller. There are several advantages to this approach. You 
c°uid always construct the view hierarchy in codę, but by inflating a layout XML file, you’re 
®^ng advantage of the system’s resource-finding logie. Depending on which configuration

6 device is in, or for that matter which device you’re on, the appropriate layout XML file will 
e chosen. You can then access a particular view within the layout—in this case, the textl 
exfView field—to do what you want with. To repeat a very important point: do not aftach the 
ra9ment’s view to the Container parent in this callback. You can see in Listing 8-2 that you use 
c°ntainer in the cali to inflate(), but you also pass false for the attachToRoot parameter.

The onViewCreated() Callback
^his one js ca||ecf rjght after onCreateView() but before any saved State has been put into the 

■ The view object passed in is the same view object that got returned from onCreateView().
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The onActivityCreated() Callback
You’re now getting close to the point where the user can interact with your fragment. The 
next callback is onActivityCreated(). This is called after the activity has completed its 
onCreate() callback. You can now trust that the activity’s view hierarchy, including your own 
view hierarchy if you returned one earlier, is ready and available. This is where you can do 
finał tweaks to the user interface before the user sees it. Ifs also where you can be surę that 
any other fragment for this activity has been attached to your activity.

The onViewStateRestored() Callback
This one is relatively new, introduced with JellyBean 4.2. Your fragment will have this 
callback called when the view hierarchy of this fragment has all state restored (if applicable)- 
Previously you had to make decisions in onActivityCreated() about tweaking the Ul for a 
restored fragment. Now you can put that logie in this callback knowing definitely that this 
fragment is being restored from a saved state.

The onStart() Callback
The next callback in your fragment life cycle is onStart(). Now your fragment is visible to 
the user. But you haven’t started interacting with the user just yet. This callback is tied to 
the activity’s onStart(). As such, whereas previously you may have put your logie into the 
activity’s onStart(), now you’re morę likely to put your logie into the fragmenfs onStart()> 
because that is also where the user interface components are.

The onResume() Callback
The last callback before the user can interact with your fragment is onResume(). This callback 
is tied to the activity’s onResume(). When this callback returns, the user is free to interact 
with this fragment. For example, if you have a camera preview in your fragment, you would 
probably enable it in the fragmenfs onResume().

So now you’ve reached the point where the app is busily making the user happy. And then 
the user decides to get out of your app, either by Back’ing out, or by pressing the Home 
button, or by launching some other application. The next sequence, similar to what hapPerlS 
with an activity, goes in the opposite direction of setting up the fragment for interaction.

The onPause() Callback
The first undo callback on a fragment is onPause(). This callback is tied to the activity’s 
onPause(); just as with an activity, if you have a media player in your fragment or some 
other shared object, you could pause it, stop it, or give it back via your onPause() method- 
The same good-citizen rules apply here: you don’t want to be playing audio if the user is 
taking a phone cali.
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The onSavelnstanceState() Callback
Similar to activities, fragments have an opportunity to save state for later reconstruction. 
This callback passes in a Bundle object for this fragment to be used as the Container for 
whatever state information you want to hang onto. This is the saved-state bundle passed 
to the callbacks covered earlier. To prevent memory problems, be careful about what you 
save into this bundle. Only save what you need. If you need to keep a reference to another 
fragment, don’t try to save or put the other fragment, rather just save the identifier for the 
°ther fragment such as its tag or ID. When this fragment runs onViewStateRestored(), then 
you could re-establish connections to the other fragments that this fragment depends on.
Although you may see this method usually called right after onPause(), the activity to which 
this fragment belongs calls it when it feels that the fragments state should be saved. This 
can occur any time before onDestroy().

The onStop() Callback
The next undo callback is onStop0- This one is tied to the activity’s onStop() and serves 
a Purpose similar to an activity’s onStop(). A fragment that has been stopped could go 
straight back to the onStart() callback, which then leads to onResume().

The onDestroyView() Callback
lf your fragment is on its way to being killed off or saved, the next callback in the undo 
direction is onDestroyView(). This will be called after the view hierarchy you created on your 
°nCreateView() callback earlier has been detached from your fragment.

The onDestroyO Callback
Next up is onDestroy(). This is called when the fragment is no longer in use. Notę that it is 
still attached to the activity and is still findable, but it cant do much.

The onDetach() Callback
The finał callback in a fragments life cycle is onDetach(). Once this is invoked, the fragment 
ls not tied to its activity, it does not have a view hierarchy anymore, and all its resources 
should have been released.

Using setRetainlnstanceO
Tou may have noticed the dotted lines in the diagram in Figurę 8-2. One of the cool 
toatures of a fragment is that you can specify that you don’t want the fragment completely 
destroyed if the activity is being re-created and therefore your fragments will be coming 
b9ck also. Therefore, Fragment comes with a method called setRetainlnstanceO, which 
tokes a boolean parameter to tell it “Yes; I want you to hang around when my activity 
tostarts” or “No; go away, and l’ll create a new fragment from scratch.” A good place to cali 
SetRetainlnstanceO is in the onCreate() callback of a fragment, but in onCreateView() 
^orks, as does onActivityCreated().
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If the parameter is true, that means you want to keep your fragment object in memory and not 
start over from scratch. However, if your activity is going away and being re-created, you'II 
have to detach your fragment from this activity and aftach it to the new one. The bottom linę 
is that if the retain instance value is true, you won’t actually destroy your fragment instance, 
and therefore you won’t need to create a new one on the other side. The dotted lines on 
the diagram mean you would skip the onDestroy() callback on the way out, you’d skip the 
onCreate() callback when your fragment is being re-attached to your new activity, and all other 
callbacks would fire. Because an activity is re-created most likely for configuration changes, 
your fragment callbacks should probably assume that the configuration has changed, and 
therefore should take appropriate action. This would include inflating the layout to create a 
new view hierarchy in onCreateView(), for example. The codę provided in Listing 8-2 would 
take care of that as it is written. If you choose to use the retain-instance feature, you may 
decide not to put some of your initialization logie in onCreate() because it won’t always get 
called the way the other callbacks will.

Sample Fragment App Showing the Life Cycle
There’s nothing like seeing a real example to get an appreciation for a concept. You’ll use a 
sample application that has been instrumented so you can see all these callbacks in action. 
You’re going to work with a sample application that uses a list of Shakespearean titles in 
one fragment; when the user clicks one of the titles, some text from that play will appear in a 
separate fragment. This sample application will work in both landscape and portrait modes 
on a tablet. Then you’ll configure it to run as if on a smaller screen so you can see how to 
separate the text fragment into an activity. You’ll start with the XML layout of your activity in 
landscape modę in Listing 8-3, which will look like Figure 8-3 when it runs.

Listing 8-3. YourActivity’s Layout XML for Landscape Modę
<?xml version="l.O" encoding="utf-8"?>
<!-- This file is res/layout-land/main.xml -->
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="horizontal" 
android:layout_width="match_parent" 
android:layout_height="match_parent">

<fragment class="com.androidbook.fragments.bard.TitlesFragment" 
android:id="@+id/titles" android:layout_weight="l" 
android:layout_width="Opx" 
android:layout_height="match_parent" />

<FrameLayout
android:id="@+id/details" android:layout_weight="2" 
android:layout_width="Opx" 
android:layout_height="match_parent" />

</LinearLayout>

http://schemas.android.com/apk/res/android
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Henry IV (1)

Henry V

Henry VIII

Romeo and Juliet

Hamlet

Hhe Merchant of Venice

Othello

So shaken « rm are. so wan wth w?e. 
Find we a w for peace tc*  pant. 
Aort tweatbe shon-wrM^d aaents ot new txoH$ 
To be rótnme<xed m itrands afar rrnsote.

*eeP in mind is that the <fragment> tag is just a placeholder in this layout. You should not 
^t child tags under <fragment> in a layout XML file.
^he other attributes for a fragment look familiar and serve a purpose similar to that for a 
view. The fragment tag’s class attribute specifies your extended class for the titles of your 
Application. That is, you must extend one of the Android Fragment classes to implement 
^°ur logie, and the <fragment> tag must know the name of your extended class. A fragment 
^as its own view hierarchy that will be created later by the fragment itself. The next tag is 
$ FrameLayout—not another <fragment> tag. Why is that? We’11 explain in more detail later, 
bUt for now, you should be aware that you’re going to be doing some transitions on the text, 
^apping out one fragment with another. You use the FrameLayout as the view Container 
0 hołd the current text fragment. With your titles fragment, you have one—and only one—

No more the łhfr «y entranu of this wii 
Stali djut het Ups with her tw, chf dren s blood; 
Nor more stali netichiog war channel her ftefrH. 
Nor bmiw her Hcwetrls with the wmed taufs 
Of hostiJe pw.es those uppostd ey«$, 
Which. like the meteors ot atroubied taaven. 
AU of o:>e naturę. of one sub;nv« bred, 
0:d iately meet in the imestłne shock 
And fwtous d«e ot WI botchery 
Stali now. m mutual ^Jlbeseeming ranks, 
March ab one way anrf be no more opposed 
Ajjjtfnst MotMiMence. kmdted and wite s 
The edge of wr. tae mi iii $hcxtad knit*.
No more sh*'l  cut his master. Therefore. friends, 
As far as to the yepulr *•.:<•  of Chrta.
Whose soldter now. unwr whose Nwid cross 
We we imprcssed und engaged tp Tg’-t, 
FoMhwtth .i power of English stall we levy;
Wtaie jrms were moulded |n their motta rs‘ womb 
To Chase these p^arn inthol*  Wy fields 
Cw whose «m waU.’d those Hessed fee*.
Which four tern hundred years ago were rwi! d 
tw our advantage on the bitter cross.
8 at this ow pwpose now is twefve motuh o>d, 
And bootless tis to led you we will gd 
therefore we meet not now, Then let me hear 
Of you. my gentle cauwn Westnwrehnd, 
Wtat yeoroight ow council <W detree 
In lorwatding tM dc*r  expedtc!Kc.

Figure 8-3. The user interface ofyour sample fragment application

Notę At the end of the chapter is the URL you can use to download the projects in this chapter. 
This will allow you to import these projects into your IDE (such as Eclipse or Android Studio) directly.

^his layout looks like a lot of other layouts you’ve seen throughout the book, horizontally left 
right with two main objects. There’s a special new tag, though, called <fragment>, and

^is tag has a new attribute called class. Keep in mind that a fragment is not a view, so the 
®yout XML is a little different for a fragment than it is for everything else. The other thing to 
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fragment to worry about: no swapping and no transitions. For the area that displays the 
Shakespearean text, you’II have several fragments.

The MainActivity Java codę is in Listing 8-4. Actually, the listing only shows the interesting 
codę. The codę is instrumented with logging messages so you can see whafs going on 
through LogCat. Please review the source codę files for Shakespearelnstrumented from the 
web site to see all of it.

Listing 8-4. Interesting Source Codę fromMainActivity
public boolean isMultiPane() {

return getResources().getConfiguration().orientation 
== Configuration.ORIENTATION_LANDSCAPE;

}

/**
* Helper function to show the details of a selected item, either by 
* displaying a fragment in-place in the current UI, or starting a 
* whole new activity in which it is displayed.
*/

public void showDetails(int index) {
Log.v(TAG, "in MainActivity showDetails(" + index + ")");

if (isMultiPane()) {
// Check what fragment is shown, replace if needed.
DetailsFragment details = (DetailsFragment)

getFragmentManager().findFragmentById(R.id.details); 
if ( (details == nuli) ||

(details.getShownIndex() != index) ) {
// Make new fragment to show this selection. 
details = DetailsFragment.newlnstance(index);

// Execute a transaction, replacing any existing 
// fragment with this one inside the frame.
Log.v(TAG, "about to run FragmentTransaction..."); 
FragmentTransaction ft

= getFragmentManager().beginTransaction();
ft.setTransition(

FragmentTransaction.TRANSIT_FRAGMENT_FADE);
//ft.addToBackStack("details");
ft.replace(R.id.details, details); 
ft.commit();

}

} else {
// Otherwise you need to launch a new activity to display
II the dialog fragment with selected text.
Intent intent = new Intent();
intent.setClass(this, DetailsActivity.class);
intent.putExtra("index", index);
startActivity(intent);

}
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This is a very simple activity to write. To determine multipane modę (that is, whether you 
need to use fragments side by side), you just use the orientation of the device. If you’re 
ln landscape modę, you’re multipane; if you’re in portrait modę, you’re not. The helper 
Method showDetails() is there to figure out how to show the text when a title is selected. 
The index is the position of the title in the title list. If you’re in multipane modę, you’re going 
to use a fragment to show the text. You’re calling this fragment a DetailsFragment, and 
Vou use a factory-type method to create one with the index. The interesting codę for the 
DetailsFragment: class is shown in Listing 8-5 (minus all of the logging codę). As we did 
before in TitlesFragment, the various callbacks of DetailsFragment have logging added so 
We can watch what happens via LogCat. You’ll come back to your showDetails() 
Method later.

Listing 8-5. Source Codę forDetailsFragment

Public class DetailsFragment extends Fragment {

private int mlndex = 0;

public static DetailsFragment newlnstance(int index) { 
Log.v(MainActivity.TAG, "in DetailsFragment newlnstance(" + 

index + ")");

DetailsFragment df = new DetailsFragment();

II Supply index input as an argument.
Bundle args = new Bundle(); 
args.putlnt("index", index); 
df.setArguments(args); 
return df;

}

Public static DetailsFragment new!nstance(Bundle bundle) { 
int index = bundle.getlnt("index", 0); 
return newlnstance(index);

}

@0verride
Public void onCreate(Bundle myBundle) { 

Log.v(MainActivity.TAG, 
"in DetailsFragment onCreate. Bundle contains:");

if(myBundle != nuli) {
for(String key : myBundle.keySet()) { 

Log.v(MainActivity.TAG, " " + key);
} 

} 
else { 

Log.v(MainActivity.TAG, " myBundle is nuli"); 
}
super.onCreate(myBundle);

mlndex = getArguments().getInt("index", 0);
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public int getShown!ndex() { 
return mlndex;

}

@Override
public View onCreateView(LayoutInflater inflater, 

ViewGroup Container, Bundle saved!nstanceState) { 
Log.v(MainActivity.TAG,

"in DetailsFragment onCreateView. Container = " + 
Container);

// Don't tie this fragment to anything through the inflater.
// Android takes care of attaching fragments for us. The 
U Container is only passed in so you can know about the 
II Container where this View hierarchy is going to go. 
View v = inflater.inflate(R.layout.details, Container, false); 
TextView textl = (TextView) v.findViewBy!d(R.id.textl); 
textl.setText(Shakespeare.DIALOGUE[ mlndex ] );
return v;

} 
}

The DetailsFragment class is actually fairly simple as well. Now you can see how to instantiate 
this fragment. It’s important to point out that you’re instantiating this fragment in codę because 
your layout defines the ViewGroup Container (a FrameLayout) that your details fragment is going 
to go into. Because the fragment is not itself defined in the layout XML for the activity, as your 
titles fragment was, you need to instantiate your details fragments in codę.

To create a new details fragment, you use your newlnstance() method. As discussed earlier, 
this factory method invokes the default constructor and then sets the arguments bundle with 
the value of index. Once newlnstance() has run, your details fragment can retrieve the value 
of index in any of its callbacks by referring to the arguments bundle via getArguments(). 
For your convenience, in onCreate() you can save the index value from the arguments 
bundle to a member field in your DetailsFragment class.

You might wonder why you didn’t simply set the mlndex value in newlnstance(). The reason 
is that Android will, behind the scenes, re-create your fragment using the default constructor. 
Then it sets the arguments bundle to what it was before. Android won’t use your newInstanceO 
method, so the only reliable way to ensure that mlndex is set is to read the value from the 
arguments bundle and set it in onCreate(). The convenience method getShown!ndex() 
retrieves the value of that index. Now the only method left to describe in the details fragment is 
onCreateView(). And this is very simple, too.

The purpose of onCreateView() is to return the view hierarchy for your fragment. Remember 
that based on your configuration, you could want all kinds of different layouts for this fragmerl ’ 
Therefore, the most common thing to do is utilize a layout XML file for your fragment. In your 
sample application, you specify the layout for the fragment to be details.xml using the 
resource R.layout.details. The XML for details.xml is in Listing 8-6.
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Listing 8-6. The details. xml Layout File for the Details Fragment
<?xml version="1.0" encoding="utf-8"?>

This file is res/layout/details.xml -->
LinearLayout

xmlns:android="http://schemas.android.com/apk/res/android"
android:layout_width="match_parent"
android:layout_height="match_parent">
<ScrollView android:id="@+id/scroller"

android:layout_width="match_parent"
android:layout_height="match_parent">

<TextView android:id="@+id/textl"
android:layout_width="match_parent" 
android:layout_height="match_parent" /> 

</ScrollView>
<zLinearLayout>

^or your sample application, you can use the exact same layout file for details whether you’re 
lri landscape modę or in portrait modę. This layout is not for the activity, ifs just for your 
figment to display the text. Because it could be considered the default layout, you can storę 

in the /res/layout directory and it will be found and used even if you’re in landscape modę.
When Android goes looking for the details XML file, it tries the specific directories that closely 
^atch the device’s configuration, but it will end up in the /res/layout directory if it can’t find 

details.xml file in any of the other places. Of course, if you want to have a different layout 
Or your fragment in landscape modę, you could define a separate details. xml layout file and 

store it under /res/layout-land. Feel free to experiment with different details.xml files.
^hen your details fragmenfs onCreateView() is called, you will simply grab the appropriate 
"efails.xml layout file, inflate it, and set the text to the text from the Shakespeare class.

entire Java codę for Shakespeare is not shown here, but a portion is in Listing 8-7 so 
Vou understand how it was done. For the complete source, access the project download 
lles, as described in the “References” section at the end of this chapter.

Listing8-7. Source Codę forShakespeare. java

Public class Shakespeare {
public static String TITLES[] = {

"Henry IV (1)",
"Henry V",
"Henry VIII",
"Romeo and luliet",
"Hamlet",
"The Merchant of Venice", 
"Othello"

};
public static String DIALOGUE[] = {

"So shaken as we are, so wan with care,\n...
‘• • and so on ...

ow your details fragment view hierarchy contains the text from the selected title. Your 
otails fragment is ready to go. And you can return to MainActivity’s showDetails() method 

0 talk about FragmentTransactions.

http://schemas.android.com/apk/res/android
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FragmentTransactions and the Fragment Back Stack
The codę in showDetails() that pulls in your new details fragment (partially shown again in 
Listing 8-8) looks rather simple, but there’s a lot going on here. It’s worth spending some 
time to explain what is happening and why. If your activity is in multipane modę, you want 
to show the details in a fragment next to the title list. You may already be showing details, 
which means you may have a details fragment visible to the user. Either way, the resource 
ID R. id. details is for the FrameLayout for your activity, as shown in Listing 8-3. If you have 
a details fragment sitting in the layout because you didn’t assign any other ID to it, it will 
have this ID. Therefore, to find out if there’s a details fragment in the layout, you can ask 
the fragment manager using findFragmentBy!d(). This will return nuli if the frame layout is 
empty or will give you the current details fragment. You can then decide if you need to place 
a new details fragment in the layout, either because the layout is empty or because there’s 
a details fragment for some other title. Once you make the determination to create and use 
a new details fragment, you invoke the factory method to create a new instance of a details 
fragment. Now you can put this new fragment into place for the user to see.

Listing 8-8. Fragment Transaction Example
public void showDetails(int index) {

Log.v(TAG, "in MainActivity showDetails(" + index + ")");

if (isMultiPane()) {
II Check what fragment is shown, replace if needed.
DetailsFragment details = (DetailsFragment)

getFragmentManager().findFragmentBy!d(R.id.details);
if (details == nuli || details.getShown!ndex() != index) {

II Make new fragment to show this selection. 
details = DetailsFragment.newlnstance(index);

II Execute a transaction, replacing any existing 
// fragment with this one inside the frame.
Log.v(TAG, "about to run FragmentTransaction...");
FragmentTransaction ft

= getFragmentManager().beginTransaction();
ft.setTransition(

FragmentTransaction.TRANSIT_FRAGMENT_FADE);
//ft.addToBackStack("details");
ft.replace(R.id.details, details); 
ft.commit();

)
// The rest was left out to save space.

)

A key concept to understand is that a fragment must live inside a view Container, also known 
as a wew group. The ViewGroup class includes such things as layouts and their derived classeS' 
FrameLayout is a good choice as the Container for the details fragment in the main.xml layout 
file of your activity. A FrameLayout is simple, and all you need is a simple Container for your 
fragment, without the extra baggage that comes with other types of layouts. The FrameLayout|S 
where your details fragment is going to go. If you had instead specified another <fragment> 
in the activity’s layout file instead of a FrameLayout, you would not be able to replace the curreh 
fragment with a new fragment (i.e., swap fragments).
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The FragmentTransaction is what you use to do your swapping. You tell the fragment
fransaction that you want to replace whatever is in your frame layout with your new details
fragment. You could have avoided all this by locating the resource ID of the details TextView
and just setting the text of it to the new text for the new Shakespeare title. But there’s
another side to fragments that explains why you use FragmentTransactions.

you know, activities are arranged in a stack, and as you get deeper and deeper into an 
application, ifs not uncommon to have a stack of several activities going at once. When you 
Press the Back button, the topmost activity goes away, and you are returned to the activity 
below, which resumes for you. This can continue until you’re at the home screen again.

This was fine when an activity was just single-purpose, but now that an activity can have 
several fragments going at once, and because you can go deeper into your application 
Without leaving the topmost activity, Android really needed to extend the Back button stack 
concept to include fragments as well. In fact, fragments demand this even morę. When 
there are several fragments interacting with each other at the same time in an activity, and 
there’s a transition to new content across several fragments at once, pressing the Back 
button should cause each of the fragments to roli back one step together. To ensure that 
each fragment properly participates in the rollback, a FragmentTransaction is created and 
Tanaged to perform that coordination.

aware that a back stack for fragments is not required within an activity. You can codę 
your application to let the Back button work at the activity level and not at the fragment 
level at all. If there’s no back stack for your fragments, pressing the Back button will pop 
the current activity off the stack and return the user to whatever was underneath. If you 
choose to take advantage of the back stack for fragments, you will want to uncomment in 
Listing 8-8 the linę that says ft.addToBackStack("details"). For this particular case, you’ve 
hardcoded the tag parameter to be the string "details". This tag should be an appropriate 
string name that represents the state of the fragments at the time of the transaction. The tag 
ls not necessarily a name for a specific fragment but rather for the fragment transaction and 

the fragments in the transaction. You will be able to interrogate the back stack in codę 
Psing the tag value to delete entries, as well as pop entries off. You will want meaningful tags 
Ori these transactions to be able to find the appropriate ones later.

Fragment Transaction Transitions and Animations
One of the very nice things about fragment transactions is that you can perform transitions 
rorn an old fragment to a new fragment using transitions and animations. These are not like 

*be animations coming later, in Chapter 18. These are much simpler and do not require in-depth 
9r3phics knowledge. Let’s use a fragment transaction transition to add special effects when 
you swap out the old details fragment with a new details fragment. This can add polish to 
your application, making the switch from the old to the new fragment look smooth.
°he method to accomplish this is setTransition(), as shown in Listing 8-8. However, there 
are a few different transitions available. You used a fade in your example, but you can also 
Use the setCustomAnimations() method to describe other special effects, such as sliding 
Or|e fragment out to the right as another slides in from the left. The custom animations use 
b® new object animation definitions, not the old ones. The old anim XML files use tags 

sUch as <translate>, whereas the new XML files use <objectAnimator>. The old standard
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XML files are located in the /data/res/anim directory under the appropriate Android SDK 
platforms directory (such as platforms/android-11 for Honeycomb). There are some 
new XML files located in the żdata/res/animator directory here, too. Your codę could be 
something like

ft.setCustomAnimations(android.R.animator.fade_in, android.R.animator.fade_out);

which will cause the new fragment to fade in as the old fragment fades out. The first parameter 
applies to the fragment entering, and the second parameter applies to the fragment exiting. 
Feel free to explore the Android animator directory for more stock animations. If you’d like to 
create your own, there’s section on the object animator in Chapter 18 to help you. The other 
very important bit of knowledge you need is that the transition calls need to come before the 
replace() cali; otherwise, they will have no effect.

Using the object animator for special effects on fragments can be a fun way to do 
transitions. There are two other methods on FragmentTransaction you should know about: 
hide() and show(). Both of these methods take a fragment as a parameter, and they do 
exactly what you’d expect. For a fragment in the fragment manager associated to a view 
Container, the methods simply hide or show the fragment in the user interface. The fragment 
does not get removed from the fragment manager in the process, but it certainly must be 
tied into a view Container in order to affect its visibility. If a fragment does not have a view 
hierarchy, or if its view hierarchy is not tied into the displayed view hierarchy, then these 
methods won’t do anything.

Once you’ve specified the special effects for your fragment transaction, you have to tell it 
the main work that you want done. In your case, you’re replacing whatever is in the frame 
layout with your new details fragment. Thafs where the replace() method comes in. This is 
equivalent to calling remove() for any fragments that are already in the frame layout and then 
add() for your new details fragment, which means you could just cali remove() or add() as 
needed instead.

The finał action you must take when working with a fragment transaction is to commit it. The 
commit() method does not cause things to happen immediately but rather schedules the 
work for when the Ul thread is ready to do it.

Now you should understand why you need to go to so much trouble to change the content in a 
simple fragment. Ifs not just that you want to change the text; you might want a special graphicS 
effect during the transition. You may also want to save the transition details in a fragment 
transaction that you can reverse later. That last point may be confusing, so we’ll clarify.

This is not a transaction in the truest sense of the word. When you pop fragment 
transactions off the back stack, you are not undoing all the data changes that may have 
taken place. If data changed within your activity, for example, as you created fragment 
transactions on the back stack, pressing the Back button does not cause the activity data 
changes to revert back to their previous values. You are merely stepping back through the 
user interface views the way you came in, just as you do with activities, but in this case 
ifs for fragments. Because of the way fragments are saved and restored, the inner state 
of a fragment that has been restored from a saved State will depend on what values you 
saved with the fragment and how you manage to restore them. So your fragments may l°° 
the same as they did previously but your activity will not, unless you take steps to restore 
activity State when you restore fragments.
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'n your example, you’re only working with one view Container and bringing in one details 
ra9ment. If your user interface were more complicated, you could manipulate other 
ragments within the fragment transaction. What you are actually doing is beginning the 

fransaction, replacing any existing fragment in your details frame layout with your new 
details fragment, specifying a fade-in animation, and committing the transaction. You 
commented out the part where this transaction is added to the back stack, but you could 
Certainly uncomment it to take part in the back stack.

The FragmentManager
The FragmentManager is a component that takes care of the fragments belonging to an 
activity. This includes fragments on the back stack and fragments that may just be hanging 
ar°und. We’ll explain.

ragments should only be created within the context of an activity. This occurs either 
‘nrough the inflation of an activity’s layout XML or through direct instantiation using codę like 
‘hat in Listing 8-1. When instantiated through codę, a fragment usually gets attached to the 
activity using a fragment transaction. In either case, the FragmentManager class is used to 
access and manage these fragments for an activity.
Tou use the getFragmentManager() method on either an activity or an attached fragment to 
retrieve a fragment manager. You saw in Listing 8-8 that a fragment manager is where you get 
a fragment transaction. Besides getting a fragment transaction, you can also get a fragment 
asing the fragment’s ID, its tag, or a combination of bundle and key. The fragment’s ID will either 
be the fragments resource ID if the fragment was inflated from XML, or it will be the container’s 
resource ID if the fragment was placed into a view using a fragment transaction. A fragments 
a9 is a String that you can assign in the fragments XML definition, or when the fragment is 

p|aced in a view via a fragment transaction. The bundle and key method of retrieving a fragment 
°hly works for fragments that were persisted using the putFragment() method.

°r getting a fragment, the getter methods include findFragmentBy!d(), 
indFragmentByTagO, and getFragment(). The getFragment() method would be used in 

c°njunction with putFragment(), which also takes a bundle, a key, and the fragment to be
The bundle is most likely going to be the savedState bundle, and putFragment() will 

e used in the onSave!nstanceState() callback to save the state of the current activity (or 
ar|other fragment). The getFragment() method would probably be called in onCreate() to 
c°rrespond to putFragment(), although for a fragment, the bundle is available to the other 
callback methods, as described earlier.

bviously, you can’t use the getFragmentManager() method on a fragment that has not been 
^frached to an activity yet. But ifs also true that you can attach a fragment to an activity

ithout making it visible to the user yet. If you do this, you should associate a String tag 
0 the fragment so you can get to it in the futurę. You’d most likely use this method of 
ragmentTransaction to do this:

^blic FragmentTransaction add (Fragment fragment, String tag)

!n fact, you can have a fragment that does not exhibit a view hierarchy. This might be done 
0 encapsulate certain logie together such that it could be attached to an activity, yet still 
e,:ain some autonomy from the activity’s life cycle and from other fragments. When an
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activity goes through a re-create cycle due to a device-configuration change, this non-UI
fragment could remain largely intact while the activity goes away and comes back again.
This would be a good candidate for the setRetain!nstance() option.

The fragment back stack is also the domain of the fragment manager. Whereas a fragment 
transaction is used to put fragments onto the back stack, the fragment manager can take 
fragments off the back stack. This is usually done using the fragment’s ID or tag, but it can 
be done based on position in the back stack or just to pop the topmost fragment.

Finally, the fragment manager has methods for some debugging features, such as turning 
on debugging messages to LogCat using enableDebugLogging() or dumping the current 
state of the fragment manager to a stream using dump(). Notę that you turned on fragment 
manager debugging in the onCreate() method of your activity in Listing 8-4.

Caution When Referencing Fragments
lt’s time to revisit the earlier discussion of the fragmenfs life cycle and the arguments and 
saved-state bundles. Android could save one of your fragments at many different times. This 
means that at the moment your application wants to retrieve that fragment, ifs possible that 
it is not in memory. For this reason, we caution you not to think that a variable reference to a 
fragment is going to remain valid for a long time. If fragments are being replaced in a container 
view using fragment transactions, any reference to the old fragment is now pointing to a 
fragment that is possibly on the back stack. Or a fragment may get detached from the activity s 
view hierarchy during an application configuration change such as a screen rotation. Be carefu •

If you’re going to hołd onto a reference to a fragment, be aware of when it could get saved 
away; when you need to find it again, use one of the getter methods of the fragment 
manager. If you want to hang onto a fragment reference, such as when an activity is going 
through a configuration change, you can use the putFragment() method with the appropHa^ 
bundle. In the case of both activities and fragments, the appropriate bundle is the 
savedState bundle that is used in onSave!nstanceState() and that reappears in onCreateO 
(or, in the case of fragments, the other early callbacks of the fragmenfs life cycle). You will 
probably never storę a direct fragment reference into the arguments bundle of a fragment;
you’re tempted to do so, please think very carefully about it first.

The other way you can get to a specific fragment is by querying for it using a known tag or 
known ID. The getter methods described previously will allow retrieval of fragments from 
fragment manager this way, which means you have the option of just remembering the tag 
or ID of a fragment so that you can retrieve it from the fragment manager using one of those 
values, as opposed to using putFragment() and getFragment().

Saving Fragment State
Another interesting class was introduced in Android 3.2: Fragment.SavedState. Using the 
saveFragment!nstanceState() method of FragmentManager, you can pass this method a 
fragment, and it returns an object representing the state of that fragment. You can then us© 
that object when initializing a fragment, using Fragmenfs setInitialSavedState() method- 
Chapter 9 discusses this in more detail.
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UstFragments and <fragment>
There are still a few morę things to cover to make your sample application complete. The 
first is the TitlesFragment class. This is the one that is created via the main.xml file of your 
Tain activity. The <-fragment> tag serves as your placeholder for where this fragment will go 
and does not define what the view hierarchy will look like for this fragment. The interesting 
code for your TitlesFragment is in Listing 8-9. For all of the codę please refer to the source 
code files. TitlesFragment displays the list of titles for your application.

Listing 8-9. TitlesFragment Java Code

Public class TitlesFragment extends ListFragment { 
private MainActivity myActivity = nuli;
int mCurCheckPosition = 0;

@0verride
public void onAttach(Activity myActivity) {

Log.v(MainActivity.TAG,
"in TitlesFragment onAttach; activity is: " + myActivity);

super.onAttach(myActivity);
this.myActivity = (MainActivity)myActivity;

@0verride
public void onActivityCreated(Bundle savedState) {

Log.v(MainActivity.TAG,
"in TitlesFragment onActivityCreated. savedState contains:"); 

if(savedState ! = nuli) {
for(String key : savedState.keySet()) { 

Log.v(MainActivity.TAG, " " + key);

}
else {

Log.v(MainActivity.TAG, " savedState is nuli");
}
super.onActivityCreated(savedState);

II Populate list with your static array of titles. 
setListAdapter(new ArrayAdapter<String>(getActivity(), 

android.R.layout.simple_list_item_l, 
Shakespeare.TITLES));

if (savedState != nuli) {
II Restore last state for checked position. 
mCurCheckPosition = savedState.getInt("curChoice", 0);

II Get your ListFragment's ListView and update it
ListView lv = getListView();
lv.setChoiceMode(ListView.CHOICE_MODE_SINGLE);
lv.setSelection(mCurCheckPosition);
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II Actiyity is created, fragments are available
// Co ahead and populate the details fragment 
myActivity.showDetails(mCurCheckPosition);

}
@0verride
public void onSave!nstanceState(Bundle outState) {

Log.v(MainActivity.TAC, "in TitlesFragment onSave!nstanceState"); 
super.onSave!nstanceState(outState);
outState.putlnt("curChoice", mCurCheckPosition);

}

@0verride
public void onList!temClick(ListView 1, View v, int pos, long id) { 

Log.v(MainActivity.TAG,
"in TitlesFragment onListltemClick. pos = " 
+ pos);

myActiyity.showDetails(pos);
mCurCheckPosition = pos;

}

@0verride
public void onDetach() {

Log.v(MainActivity.TAG, "in TitlesFragment onDetach");
super.onDetach();
myActivity = nuli;

Unlike DetailsFragment, for this fragment you don’t do anything in the onCreateView() 
callback. This is because you’re extending the ListFragment class, which contains a 
ListView already. The default onCreateView() for a ListFragment creates this ListView for 
you and returns it. It’s not until onActivityCreated() that you do any real application logio. 
By this time in your application, you can be surę that the activity’s view hierarchy, plus this 
fragments, has been created. The resource ID for that ListView is android.R.id.listl, 
but you can always cali getListView() if you need to get a reference to it, which you do 
in onActivityCreated(). Because ListFragment manages the ListView, do not attach the 
adapter to the ListView directly. You must use the ListFragment’s setListAdapter() method 
instead. The activity’s view hierarchy is now set up, so you’re safe going back into the 
activity to do the showDetails() cali.

At this point in your sample activity’s life, you’ve added a list adapter to your list view, 
you’ve restored the current position (if you came back from a restore, due perhaps to a 
configuration change), and you’ve asked the actiyity (in showDetails()) to set the text to 
correspond to the selected Shakespearean title.
Your TitlesFragment class also has a listener on the list so when the user clicks another titl®> 
the onListItemClick() callback is called, and you switch the text to correspond to that title, 
again using the showDetails() method.

Another difference between this fragment and the earlier details fragment is that when this 
fragment is being destroyed and re-created, you save state in a bundle (the value of the 
current position in the list), and you read it back in onCreate(). Unlike the details fragments
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that get swapped in and out of the FrameLayout on your activity’s layout, there is just one titles
fragment to think about. So when there is a configuration change and your titles fragment is
9°ing through a save-and-restore operation, you want to remember where you were. With the
details fragments, you can re-create them without having to remember the previous state.

tovoking a Separate ActMty When Needed
^here’s a piece of codę we haven’t talked about yet, and that is in showDetails() when 
y°u’re in portrait modę and the details fragment won’t fit properly on the same page as 
the titles fragment. If the screen real estate won’t permit feasible viewing of a fragment 
that would otherwise be shown alongside the other fragments, you will need to launch a 
SeParate activity to show the user interface of that fragment. For your sample application, you 
lrriPlement a details activity; the codę is in Listing 8-10.

Listing 8-10. Showing a NewActivity When a Fragment Doesn’t Fit

Public class DetailsActivity extends Activity {

@0verride
public void onCreate(Bundle saved!nstanceState) {

Log.v(MainActivity.TAG, "in DetailsActivity onCreate"); 
super.onCreate(saved!nstanceState);

if (getResources().getConfiguration().orientation
== Configuration.ORIENTATION_LANDSCAPE) {

// If the screen is now in landscape modę, it means
// that your MainActivity is being shown with both
// the titles and the text, so this activity is
II no longer needed. Bail out and let the MainActivity
II do all the work.
finish();
return;

}

if(getlntent() != nuli) {
// This is another way to instantiate a details
II fragment.
DetailsFragment details =

DetailsFragment.newInstance(getIntent().getExtras());

getFragmentManager().beginTransaction() 
.add(android.R.id.content, details) 
.commit();

are several interesting aspects to this codę. For one thing, it is really easy to implement. 
make a simple determination of the device’s orientation, and as long as you’re in portrait 

^Oc|e, you set up a new details fragment within this details activity. If youYe in landscape 
^de, your MainActivity is able to display both the titles fragment and the details fragment, 
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so there is no reason to be displaying this activity at all. You may wonder why you would 
ever launch this activity if you’re in landscape modę, and the answer is, you wouldn’t. 
However, once this activity has been started in portrait modę, if the user rotates the device 
to landscape modę, this details activity will get restarted due to the configuration change. So 
now the activity is starting up, and ifs in landscape modę. At that moment, it makes sense to 
finish this activity and let the MainActivity take over and do all the work.

Another interesting aspect about this details activity is that you never set the root content 
view using setContentView(). So how does the user interface get created? If you look 
carefully at the add() method cali on the fragment transaction, you will see that the view 
Container to which you add the fragment is specified as the resource android. R, id. content- 
This is the top-level view Container for an activity, and therefore when you aftach your 
fragment view hierarchy to this Container, your fragment view hierarchy becomes the only 
view hierarchy for the activity. You used the very same DetailsFragment class as before 
with the other newlnstance() method to create the fragment (the one that takes a bundle 
as a parameter), then you simply attached it to the top of the activity’s view hierarchy. This 
causes the fragment to be displayed within this new activity.

From the user’s point of view, they are now looking at just the details fragment view, which is the 
text from the Shakespearean play. If the user wants to select a different title, they press the Back 
button, which pops this activity to reveal your main activity (with the titles fragment only). The 
other choice for the user is to rotate the device to get back to landscape modę. Then your detail5 
activity will cali finish() and go away, revealing the also-rotated main activity underneath.
When the device is in portrait modę, if you’re not showing the details fragment in your maih 
activity, you should have a separate main.xml layout file for portrait modę like the one in 
Listing 8-11.

Listing 8-11. The Layout for a Portrait Main Activity
<?xml version="l.O" encoding="utf-8"?> 
<!-- This file is res/layout/main.xml --> 
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical" 
android:layout_width="match_parent" 
android:layout_height="match_parent">

<fragment class="com.androidbook.fragments.bard.TitlesFragment" 
android:id="@+id/titles" 
android:layout_width="match_parent" 
android:layout_height="match_parent" />

</LinearLayout>

Of course, you could make this layout whatever you want it to be. For your purposes here, 
you simply make it show the titles fragment by itself. It’s very nice that your titles fragment 
class doesn’t need to include much code to deal with the device reconfiguration.

Take a moment to view this application’s manifest file. In it you find the main activity with 
a category of LAUNCHER so that it will appear in the device’s list of apps. Then you have the 
separate DetailsActivity with a category of DEFAULT. This allows you to start the details 
activity from code but will not show the details activity as an app in the App list.

http://schemas.android.com/apk/res/android
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Persistence of Fragments
When you play with this sample application, make surę you rotate the device (pressing Ctrl+FI1 
States the device in the emulator). You will see that the device rotates, and the fragments 
rotate right along with it. If you watch the LogCat messages, you will see a lot of them for this 
aPplication. In particular, during a device rotation, pay careful attention to the messages about 
fragments; not only does the activity get destroyed and re-created, but the fragments do also.

So far, you only wrote a tiny bit of codę on the titles fragment to remember the current 
Position in the titles list across restarts. You didn’t do anything in the details fragment codę 
to handle reconfigurations, and thafs because you didn’t need to. Android will take care 
of hanging onto the fragments that are in the fragment manager, saving them away, then 
restoring them when the activity is being re-created. You should realize that the fragments 
V°u get back after the reconfiguration is complete are very likely not the same fragments in 
Memory that you had before. These fragments have been reconstructed for you. Android 
saved the arguments bundle and the knowledge of which type of fragment it was, and it 
stored the saved-state bundles for each fragment that contain saved-state information about 

fragment to use to restore it on the other side.
^he LogCat messages show you the fragments going through their life cycles in sync with 

activity. You will see that your details fragment gets re-created, but your newlnstance() 
Method does not get called again. Instead, Android uses the default constructor, attaches 
*he arguments bundle to it, and then starts calling the callbacks on the fragment. This is why 

is so important not to do anything fancy in the newlnstance() method: when the fragment 
9ets re-created, it won’t do it through newlnstance().
you should also appreciate by now that you’ve been able to reuse your fragments in a few 
different places. The titles fragment was used in two different layouts, but if you look at the 
titles fragment codę, it doesn’t worry about the attributes of each layout. You could make 
the layouts rather different from each other, and the titles fragment codę would look the same, 
the same can be said of the details fragment. It was used in your main landscape layout and 
^ithin the details activity all by itself. Again, the layout for the details fragment could have 
been very different between the two, and the codę of the details fragment would be the same, 
he codę of the details activity was very simple, also.

far, you’ve explored two of the fragment types: the base Fragment class and the ListFragment spbclass. Fragment has other subclasses: the DialogFragment, PreferenceFragment, and ebViewFragment. We’ll cover DialogFragment and PreferenceFragment in Chapters 10 and 11, respectively.

Communications with Fragments
because the fragment manager knows about all fragments attached to the current activity, 
b® activity or any fragment in that activity can ask for any other fragment using the getter 
Methods described earlier. Once the fragment reference has been obtained, the activity 
Or fragment could east the reference appropriately and then cali methods directly on that 
^fivity or fragment. This would cause your fragments to have more knowledge about 
be other fragments than might normally be desired, but don’t forget that you’re running 
bis application on a mobile device, so cutting corners can sometimes be justified.
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A codę snippet is provided in Listing 8-12 to show how one fragment might communicate 
directly with another fragment. The snippet would be part of one of your extended Fragment 
classes, and FragmentOther is a different extended Fragment class.

Listing 8-12. Direct Fragment-to-Fragment Communication
FragmentOther fragOther =

(FragmentOther)getFragmentManager().findFragmentByTag("other");
fragOther.callCustomMethod( argl, arg2 );

In Listing 8-12, the current fragment has direct knowledge of the class of the other fragment 
and also which methods exist on that class. This may be okay because these fragments are 
part of one application, and it can be easier to simply accept the fact that some fragments 
will know about other fragments. We’ll show you a cleaner way to communicate between 
fragments in the DialogFragment sample application in Chapter 10.

Using startActivity() and setTargetFragment()
A feature of fragments that is very much like activities is the ability of a fragment to start an 
activity. Fragment has a startActivity() method and startActivityForResult() method- 
These work just like the ones for activities; when a result is passed back, it will cause the 
onActivityResult() callback to fire on the fragment that started the activity.

There’s another communication mechanism you should know about. When one fragment 
wants to start another fragment, there is a feature that lets the calling fragment set its 
identity with the called fragment. Listing 8-13 shows an example of what it might look like.

Listing 8-13. Fragment-to-Target-Fragment Setup
mCalledFragment = new CalledFragment(); 
mCalledFragment.setTargetFragment(this, 0);
fm.beginTransaction().add(mCalledFragment, "work").commit();

With these few lines, you’ve created a new CalledFragment object, set the target fragment 
on the called fragment to the current fragment, and added the called fragment to the 
fragment manager and activity using a fragment transaction. When the called fragment 
starts to run, it will be able to cali getTargetFragment(), which will return a reference to 
the calling fragment. With this reference, the called fragment could invoke methods on the 
calling fragment or even access view components directly. For example, in Listing 8-14, the 
called fragment could set text in the Ul of the calling fragment directly.

Listing 8-14. Target Fragment-to-Fragment Communication
TextView tv = (TextView)

getTargetFragment().getView().findViewById(R.id.textl); 
tv.setText("Set from the called fragment");
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References
^ere are some helpful references to topics you may wish to explore further:

■ : A list of downloadable 
projects related to this book. The file called ProAndroid5_Ch08_ 
Fragments.zip contains all projects from this chapter, listed in separate 
root directories. There is also a README.TXT file that describes exactly 
how to import projects into an IDE from one of these zip files. It includes 
some projects that use the Fragment Compatibility SDK for older 
Androids as well.

www.androidbook.com/proandroid5/projects

■ : 
The Android Developer's Guide page to fragments.
http://developer.android.com/guide/components/fragments.html

■ : 
Android design guidelines for multipane layouts.
http://developer.android.com/design/patterns/multi-pane-layouts.html

http://developer.android.com/training/basics/fragments/index.html : 
Android training page for fragments.

Summary
chapter introduced the Fragment class and its related classes for the manager, 

r9hsactions, and subclasses. This is a summary of what’s been covered in this chapter:

The Fragment class, what it does, and how to use it.

■ Why fragments cannot be used without being attached to one and only 
one activity.

■ That although fragments can be instantiated with a static factory method 
such as newlnstance(), you must always have a default constructor and 
a way to save initialization values into an initialization arguments bundle.

The life cycle of a fragment and how it is intertwined with the life cycle of 
the activity that owns the fragment.

FragmentManager and its features.

Managing device configurations using fragments.

Combining fragments into a single activity, or splitting them between 
multiple actiyities.

Using fragment transactions to change what’s displayed to a user, and 
animating those transitions using cool effects.

http://www.androidbook.com/proandroid5/projects
http://developer.android.com/guide/components/fragments.html
http://developer.android.com/design/patterns/multi-pane-layouts.html
http://developer.android.com/training/basics/fragments/index.html
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■ New behaviors that are possible with the Back button when using 
fragments.

■ Using the <fragment> tag in a layout.

■ Using a FrameLayout as a placeholder for a fragment when you want to 
use transitions.

■ ListFragment and how to use an adapter to populate the data (very 
much like a ListView).

■ Launching a new activity when a fragment cant fit onto the current 
screen, and how to adjust when a configuration change makes it 
possible to see multiple fragments again.

■ Communicating between fragments, and between a fragment and 
its activity.



Responding to Configuration
Changes
^e’ve covered a fair bit of materiał so far, and now seems like a good time to cover configuration 
changes. When an application is running on a device, and the device’s configuration changes

example, is rotated 90 degrees), your application needs to respond accordingly. The 
new configuration will most likely look different from the previous configuration. For example, 
switching from portrait to landscape modę means the screen went from being tali and narrow to 
^ing short and wide. The Ul elements (buttons, text, lists, and so on) will need to be rearranged, 
resized, or even removed to accommodate the new configuration.

Android, a configuration change by default causes the current activity to go away and be 
^-created. The application itself keeps on running, but it has the opportunity to change 
how the activity is displayed in response to the configuration change. In the rare case that 
y°u need to handle a configuration change without destroying and re-creating your activity, 
Android provides a way to handle that as well.

$e aware that configuration changes can take on many forms, not just device rotation. If 
$ device gets connected to a dock, thafs also a configuration change. So is changing the 
ar>guage of the device. Whatever the new configuration is, as long as you’ve designed your 
activity for that configuration, Android takes care of most everything to transition to it, giving 
'he user a seamless experience.
^his chapter will take you through the process of a configuration change, from the perspectives 

both activities and fragments. We’ll show you how to design your application for those
Positions and how to avoid traps that could cause your application to crash or misbehave.

The Default Configuration Change Process
^he Android operating system keeps track of the current configuration of the device ifs 
j^hning on. Configuration includes lots of factors, and new ones get added all the time.

Or example, if a device is plugged into a docking station, that represents a change in
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the device configuration. When a configuration change is detected by Android, callbacks
are invoked in running applications to tell them a change is occurring, so an application can
properly respond to the change. We’ll discuss those callbacks a little later, but for now lefs
refresh your memory with regard to resources.

One of the great features of Android is that resources get selected for your activity based 
on the current configuration of the device. You don’t need to write code to figure out which 
configuration is active; you just access resources by name, and Android gets the appropriate 
resources for you. If the device is in portrait modę and your application requests a layout, 
you get the portrait layout. If the device is in landscape modę, you get the landscape layout. 
The code just requests a layout without specifying which one it should get. This is powerful 
because as new configuration factors get introduced, or new values for configuration 
factors, the code stays the same. All a developer needs to do is decide if new resources 
need to be created, and create them as necessary for the new configuration. Then, when the 
application goes through a configuration change, Android provides the new resources to the 
application, and everything continues to function as desired.

Because of a great desire to keep things simple, Android destroys the current activity when 
the configuration changes and creates a new one in its place. This might seem rather harsh, 
but ifs not. It is a bigger challenge to take a running activity and figure out which parts 
would stay the same and which would not, and then only work with the pieces that need to 
change.
An activity thafs about to be destroyed is properly notified first, giving you a chance to save 
anything that needs to be saved. When the new activity gets created, it has the opportunity 
to restore state using data from the previous activity. For a good user experience, obviousiy 
you do not want this save and restore to take very long.
Ifs fairly easy to save any data that you need saved and then let Android throw away the rest 
and start over, as long as the design of the application and its activities is such that activities 
don’t contain a lot of non-UI stuff that would take a long time to re-create. Therein lies the 
secret to successful configuration change design: do not put “stuff” inside an activity that 
cannot be easily re-created during a configuration change.
Keep in mind that our application is not being destroyed, so anything that is in the applicatiori 
context, and not a part of our current activity, will still be there for the new activity. SingletonS 
will still be available, as well as any background threads we might have spun off to do work 
for our application. Any databases or content providers that we were working with will also 
still be around. Taking advantage of these makes configuration changes quick and painless- 
Keep data and business logie outside of activities if you can.

The configuration change process is somewhat similar between activities and fragments. 
When an activity is being destroyed and re-created, the fragments within that activity get 
destroyed and re-created. What we need to worry about then is state information about out 
fragments and activity, such as data currently being displayed to the user, or internal values 
that we want to preserve. We will save what we want to keep, and pick it up again on the 
other side when the fragments and activities are being re-created. You’ll want to protect 
data that can’t easily be re-created by not letting it get destroyed in the default configuratl0 
change process.



__ ______________________ __ ____________ _________ CHAPTER 9: Responding to Configuration Changes 199

The Destroy/Create Cycle of Activities
There are three callbacks to be aware of when dealing with default configuration changes in 
activities:

■ onSave!nstanceState()
■ onCreate()
■ onRestoreInstanceState()

The first is the callback that Android will invoke when it detects that a configuration change 
ls happening. The activity has a chance to save state that it wants to restore when the new 
activity gets created at the end of the configuration change. The onSaveInstanceState() 
callback will be called prior to the cali to onStop(). Whatever state exists can be accessed 
^d saved into a Bundle object. This object will get passed in to both of the other callbacks 
wCreateO and onRestore!nstanceState()) when the activity is re-created. You only need 
0 Put logie in one or the other to restore your activity’s state.

The default onSaveInstanceState() callback does some nice things for you. For example, it 
9°es through the currently active view hierarchy and saves the values for each view that has 

android:id. This means if you have an EditText view that has received some user input, 
hat input will be available on the other side of the activity destroy/create cycle to populate the 

EditText before the user gets control back. You do not need to go through and save this state 
^OlJrself. If you do override onSave!nstanceState(), be surę to cali super.onSaveInstanceState() 

the bundle object so it can take care of this for you. It’s not the views that are saved, only 
he attributes of their state that should persist across the destroy/create boundary.

save data in the bundle object, use methods such as putlnt() for integers and 
^TStringO for strings. There are quite a few methods in the android.os.Bundle class; you 
$re not limited to integers and strings. For example, putParcelable() can be used to save 
C°rnpiex objects. Each put is used with a string key, and you will retrieve the value later 
^'hg the same key used to put the value in. A sample onSave!nstanceState() might look 

Listing 9-1.

'sting 9-1, Sample onSaveInstanceState()
^erride
^blic void onSave!nstanceState(Bundle icicle) { 

super.onSave!nstanceState(icicle);
j icicle.putlnt("counter", 1);

$°metimes the bundle is called icicle because it represents a smali frozen piece of an 
^tivity. In this sample, you only save one value, and it has a key of counter. You could save 
Jhore values by simply adding more put statements to this callback. The counter value in 
h's example is somewhat temporary because if the application is completely destroyed, the 

. Urrent value will be lost. This could happen if the user turned off their device, for example. 

.h Chapter 11, you’II learn about ways to save values more permanently. This instance State 
$ °nly meant to hang onto values while the application is running this time. Do not use this 

echanism for state that is important to keep for a longer term.
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To restore activity state, you access the bundle object to retrieve values that you believe are 
there. Again, you use methods of the Bundle class such as getlnt() and getStringO with 
the appropriate key passed to tell which value you want back. If the key does not exist in 
the Bundle, a value of 0 or nuli is passed back (depending on the type of the object being 
requested). Or you can provide a default value in the appropriate getter method. Listing 9-2 
shows a sample onRestore!nstanceState() callback.

Listing 9-2. Sample onRestore!nstanceState()

@0verride
public void onRestore!nstanceState(Bundle icicle) {

super.onRestorelnstanceState(icicle);
int somelnt = icicle.getlnt("counter", -1);
// Now go do something with somelnt to restore the
II state of the activity. -1 is the default if no 
II value was found.

}

lt’s up to you whether you restore State in onCreate() or in onRestore!nstanceState(). 
Many applications will restore state in onCreate () because that is where a lot of initialization 
is done. One reason to separate the two would be if you’re creating an activity class that 
could be extended. The developers doing the extending might find it easier to just override 
onRestoreInstanceState() with the codę to restore state, as compared to having to overrid 
all of onCreate().

What’s very important to notę here is that you need to be very concerned with references to 
activities and views and other objects that need to be garbage-collected when the current 
activity is fully destroyed. If you put something into the saved bundle that refers back to the 
activity being destroyed, that activity can’t be garbage collected. This is very likely a memory 
leak that could grow and grow until your application crashes. Objects to avoid in bundles 
include Drawables, Adapters, Views, and anything else that is tied to the activity context. 
Instead of putting a Drawable into the bundle, serialize the bitmap and save that. Or better yet’ 
manage the bitmaps outside of the activity and fragment instead of inside. Add some sort of 
reference to the bitmap to the bundle. When it comes time to re-create any Drawables for the 
new fragment, use the reference to access the outside bitmaps to regenerate your Drawable5-

The Destroy/Create Cycle of Fragments
The destroy/create cycle for fragments is very similar to that of activities. A fragment in the 
process of being destroyed and re-created will have its onSave!nstanceState() callback 
called, allowing the fragment to save values in a Bundle object for later. One difference is 
that six fragment callbacks receive this Bundle object when a fragment is being re-created- 
onlnflate(), onCreate(), onCreateView(), onActivityCreated(), onViewCreated(), and 
onViewStateRestored(). The last two callbacks are more recent, from Honeycomb 3.2 ahd 
JellyBean 4.2 respectively. This gives us lots of opportunities to rebuild the internal state o 
our reconstructed fragment from its previous state.
Android guarantees only that onSave!nstanceState() will be called for a fragment sometirh6 
before onDestroy(). That means the view hierarchy may or may not be attached when 
onSave!nstanceState() is called. Therefore, don’t count on traversing the view hierarchy 
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lr|side of onSaveInstanceState(). For example, if the fragment is on the fragment back 
stack, no Ul will be showing, so no view hierarchy will exist. This is OK of course because 
lf no Ul is showing, there is no need to attempt to capture the current yalues of views to 
save them. You need to check if a view exists before trying to save its current value, and not 
consider it an error if the view does not exist.
Just like with activities, be careful not to include items in the bundle object that refer to an 
activjty or to a fragment that might not exist later when this fragment is being re-created. Keep 

size of the bundle as smali as possible, and as much as possible storę long-lasting data 
outside of activities and fragments and simply refer to it from your actiyities and fragments. 
'hen your destroy/create cycles will go that much faster, you’ll be much less likely to create a 
Memory leak, and your activity and fragment code should be easier to maintain.

Using FragmentManager to Save Fragment State
^agments have another way to save state, in addition to, or instead of, Android notifying the 
fragments that their state should be saved. With Honeycomb 3.2, the FragmentManager class got 
| $aveFragmentInstanceState() method that can be called to generate an object of the class 
ragment. SavedState. The methods mentioned in the preyious sections for saving state do so 

^hin the internals of Android. While we know that the State is being saved, we do not have any 
irect access to it. This method of saying state gives you an object that represents the saved 

state of a fragment and allows you to control if and when a fragment is created from that state.

way to use a Fragment.SavedState object to restore a fragment is through the 
^InitialSayedStateO method ofthe Fragment class. In Chapter 8, you learned that it is 

®st to create new fragments using a static factory method (for example, newlnstance()). 
'thin this method, you saw how a default constructor is called and then an arguments 

f undle is attached. You could instead cali the set!nitialSavedState() method to set it up 
Or restoration to a preyious state.

^here are a few caveats you should know about this method of saving fragment state:

The fragment to be saved must currently be attached to the fragment 
manager.

A new fragment created using this saved state must be the same class 
type as the fragment it was created from.

The saved state cannot contain dependencies on other fragments. 
Other fragments may not exist when the saved fragment is re-created.

Using setRetainlnstance on a Fragment
fragment can avoid being destroyed and re-created on a configuration change. If 
b e setRetainInstance() method is called with an argument of true, the fragment will 

retained in the application when its activity is being destroyed and re-created. The 
^SmenTs onDestroy() callback will not be called, nor will onCreate(). The onDetach() 

ŹJ back will be called because the fragment must be detached from the activity that’s going 
ay, and onAttach() and onActivityCreated() will be called because the fragment is

eacbed to a new activity. This only works for fragments that are not on the back stack. It is 
Pecially useful for fragments that do not have a Ul.
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This feature is very powerful in that you can use a non-UI fragment to handle references
to your data objects and background threads, and cali setRetainlnstance(true) on this
fragment so it won’t get destroyed and re-created on a configuration change. The added
bonus is that during the normal configuration change process, the non-UI fragment callbacks
onDetach() and onAttach() will switch the activity reference from the old to the new.

Deprecated Configuration Change Methods
A couple of methods on Actiyity have been deprecated, so you should no longer use them:

■ getLastNonConfigurationInstance()
■ onRetainNonConfigurationInstance()

These methods previously allowed you to save an arbitrary object from an activity that was 
being destroyed, to be passed to the next instance of the activity that was being created. 
Although they were useful, you should now use the methods described earlier instead to 
manage data between instances of actiyities in the destroy/create cycle.

Handling Configuration Changes Yourself
So far, you’ve seen how Android handles configuration changes for you. It takes care of 
destroying and re-creating actiyities and fragments, pulling in the best resources for the neW 
configuration, retaining any user-entered data, and giving you the opportunity to execute 
some extra logie in some callbacks. This is usually going to be your best option. But when i 
isn’t, when you have to handle a configuration change yourself, Android provides a way out. 
This isn’t recommended because it is then completely up to you to determine what needs 
to change due to the change, and then for you to take care of making all the changes. As 
mentioned before, there are many configuration changes besides just an orientation chang6- 
Luckily, you don’t necessarily have to handle all configuration changes yourself.

The first step to handling configuration changes yourself is to declare in the <activity> 
tag in AndroidManifest.xml file which changes you’re going to handle using the 
android:configChanges attribute. Android will handle the other configuration changes using 
the previously described methods. You can specify as many configuration change types as 
needed by or’ing them together with the ‘|’ symbol, like this:

<activity ... android:configChanges="orientation|keyboardHidden" ... >

The complete list of configuration change types can be found on the reference page for 
R.attr. Be aware that if you target API 13 or higher and you need to handle orientation, y°u 
also need to handle screenSize.

The default process for a configuration change is the invoking of callbacks to destroy and 
re-create the actiyity or fragment. When you’ve declared that you will handle the specific 
configuration change, the process changes so only the onConfigurationChanged() callback 
is invoked instead, on the actiyity and its fragments. Android passes in a Configuration 
object so the callback knows what the new configuration is. It is up to the callback to 
determine what might have changed; however, sińce you likely handle only a smali number 
of configuration changes yourself, it shouldn’t be too hard to figurę this out.
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you’d really only want to handle a configuration change yourself when there is very little to be 
done, when you could skip destroying and re-creating. For example, if the activity layout for 
Portrait and landscape is the same layout and all image resources are the same, destroying 
and re-creating the activity doesn’t really accomplish anything. In this case it would be fairly 
safe to declare that you will handle the orientation configuration change. During an orientation 
change of your activity, the activity would remain intact and simply re-render itself in the new 
orientation using the existing resources such as the layout, images, strings, etc. But ifs really 
°ot that big a deal to just let Android take care of things if you can.

References
Here are some helpful references to topics you may wish to explore further:

■ : A list of downloadable 
projects related to this book. For this chapter, look for a ZIP file called 
ProAndroid5_Ch09_ConfigChanges.zip. This ZIP file contains all the 
projects from this chapter, listed in separate root directories. There is 
also a README.TXT file that describes exactly how to import projects into 
your IDE from one of these ZIP files.

www.androidbook.com/proandroid5/projects

■  
activities.html#SavingActivityState: The Android Developer’s Guide, 
which discusses saving and restoring state.

http://developer.android.com/guide/topics/fundamentals/

■ 
: The Android API Guide for Handling Runtime Changes.

http://developer.android.com/guide/topics/resources/runtime- 
changes.html

Summary
Let's conclude this chapter by quickly enumerating what you have learned about handling 
configuration changes:

■ Activities by default get destroyed and re-created during configuration 
changes. So do fragments.

■ Avoid putting lots of data and logie into activities so configuration 
changes occur quickly.

■ Let Android provide the appropriate resources.
■ Use singletons to hołd data outside of activities to make it easier to 

destroy and re-create activities during configuration changes.

■ Take advantage of the default onSave!nstanceState() callback to save 
Ul state on views with android :ids.

■ If a fragment can survive with no issues across an activity destroy-and- 
create cycle, use setRetain!nstance() to tell Android it doesn't need to 
destroy and create the fragment.

http://www.androidbook.com/proandroid5/projects
http://developer.android.com/guide/topics/fundamentals/
http://developer.android.com/guide/topics/resources/runtime-changes.html


Chapter

Working with Dialogs
he Android SDK offers extensive support for dialogs. A dialog is a smaller window that 

h°ps up in front of the current window to show an urgent message, to prompt the user for 
a Piece of input, or to show some sort of status like the progress of a download. The user 
's generally expected to interact with the dialog and then return to the window underneath 
0 continue with the application. Technically, Android allows a dialog fragment to also be 

embedded within an activity’s layout, and well cover that as well.
^alogs that are explicitly supported in Android include the alert, prompt, pick-list, single- 
choice, multiple-choice, progress, time-picker, and date-picker dialogs. (This list could vary 
depending on the Android release.) Android also supports custom dialogs for other needs.

ae primary purpose of this chapter is not to cover every single one of these dialogs but to 
cover the underlying architecture of Android dialogs with a sample application. From there 
^°u should be able to use any of the Android dialogs.
Jts important to notę that Android 3.0 added dialogs based on fragments. The expectation 
r°m Google is that developers will only use fragment dialogs, even in the versions of 

^hdroid before 3.0. This can be done with the fragment-compatibility library. For this reason, 
's chapter focuses on DialogFragment.

Using Dialogs in Android
^'alogs in Android are asynchronous, which provides flexibility. However, if you are 
ccustomed to a programming framework where dialogs are primarily synchronous (such 
s Microsoft Windows, or JavaScript dialogs in web pages), you might find asynchronous 
'alogs a bit unintuitive. With a synchronous dialog, the linę of code after the dialog is shown 
°®s not run until the dialog has been dismissed. This means the next linę of code could 
terrogate which button was pressed, or what text was typed into the dialog. In Android 
®Wever, dialogs are asynchronous. As soon as the dialog has been shown, the next linę 
code runs, even though the user hasn’t touched the dialog yet. Your application has to 

®al with this fact by implementing callbacks from the dialog, to allow the application to be 
°tified of user interaction with the dialog.

205
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This also means your application has the ability to dismiss the dialog from codę, which 
is powerful. If the dialog is displaying a busy message because your application is doing 
something, as soon as your application has completed that task, it can dismiss the dialog 
from codę.

Understanding Dialog Fragments
In this section, you learn how to use dialog fragments to present a simple alert dialog and a 
custom dialog that is used to collect prompt text.

DialogFragment Basics
Before we show you working examples of a prompt dialog and an alert dialog, we would 
like to cover the high-level idea of dialog fragments. Dialog-related functionality uses a class 
called DialogFragment. A DialogFragment is derived from the class Fragment and behaves 
much like a fragment. You will then use the DialogFragment as the base class for your 
dialogs. Once you have a derived dialog from this class such as

public class MyDialogFragment extends DialogFragment { ... }

you can then show this dialog fragment MyDialogFragment as a dialog using a fragment 
transaction. Listing 10-1 shows a codę snippet to do this.

Listing 10-1. Showing a Dialog Fragment
public class SomeActivity extends Activity 
{

//....other activity functions
public void showDialog() 
{

//construct MyDialogFragment
MyDialogFragment mdf = MyDialogFragment.newlnstance(argl,arg2);
FragmentManager fm = getFragmentManager();
FragmentTransaction ft = fm.beginTransaction();
mdf.show(ft,"my-dialog-tag");

}
//....other activity functions

}

Notę We provide a link to a downloadable project at the end of this chapter in the “References” 
section. You can use this download to experiment with the codę and the concepts presented in 
this chapter.



2- Get a fragment transaction.

3. Show the dialog using the fragment transaction from step 2. 

s talk about each of these steps.

Constructing a Dialog Fragment
^hen constructing a dialog fragment, the rules are the same as when building any other kind 

ragment. The recommended pattern is to use a factory method such as newlnstance() 
you did before. Inside that newlnstance() method, you use the default constructor for 

Ur dialog fragment, and then you add an arguments bundle that contains your passed-in 
rameters. You don’t want to do other work inside this method because you must make

fr re ^at what you do here is the same as what Android does when it restores your dialog 
re 9rrient from a saved state. And all that Android does is to cali the default constructor and 

'Create the arguments bundle on it.

^vernding onCreateView
^hen you inherit from a dialog fragment, you need to override one of two methods to 
r Ov'de the view hierarchy for your dialog. The first option is to override onCreateView() and 

Urn a view. The second option is to override onCreateDialog() and return a dialog (like the 
e constructed by an AlertDialog.Builder, which we’ll get to shortly).

listing 10-2 shows an example of overriding the onCreateView().

10-2. Overriding onCreateView() ofa DialogFragment
Public class MyDialogFragment extends DialogFragment
{ implements View.OnClickListener

....... other functions
Public View onCreateView(Layoutlnflater inflater,

ViewGroup Container, Bundle saved!nstanceState)

//Create a view by inflating desired layout
View v = inflater.inflate(R.layout.prompt_dialog, Container, false);

//you can locate a view and set values
TextView tv = (TextView)v.findViewById(R.id.promptmessage);
tv.setText(this.getPrompt());

//You can set callbacks on buttons
Button dismissBtn = (Button)v.findViewById(R.id.btn_dismiss); 
dismissBtn.setOnClickListener(this);
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Button saveBtn = (Button)v.findViewById(R.id.btn_save);
saveBtn.setOnClickListener(this);
return v;

}
....... other functions

}

In Listing 10-2, you are loading a view identified by a layout. Then you look for two buttons 
and set up callbacks on them. This is very similar to how you created the details fragment in 
Chapter 8. However, unlike the earlier fragments, a dialog fragment has another way to create 
the view hierarchy.

Overriding onCreateDialog
As an alternate to supplying a view in onCreateView(), you can override onCreateDialogO 
and supply a dialog instance. Listing 10-3 supplies sample codę for this approach.

Listing 10-3. Overriding onCreateDialogO of aDialogFragment
public class MyDialogFragment extends DialogFragment

implements Dialoglnterface.OnClickListener
{

....... other functions
@0verride
public Dialog onCreateDialog(Bundle icicle)
{

AlertDialog.Builder b = new AlertDialog.Builder(getActivity())
.setTitle("My Dialog Title")
.setPositiveButton("Ok", this)
.setNegativeButton("Cancel", this)
.setMessage(this.getMessage());

return b.create();
}
....... other functions

}

In this example, you use the alert dialog builder to create a dialog object to return. This 
works well for simple dialogs. The first option of overriding onCreateView() is eęually easy 
and provides much more flexibility.

AlertDialog.Builder is actually a carryover from pre-3.0 Android. This is one of 
the old ways to create a dialog, and ifs still available to you to create dialogs within 
DialogFragments. As you can see, ifs fairly easy to build a dialog by calling the various 
methods available, as we’ve done here.

Displaying a Dialog Fragment
Once you have a dialog fragment constructed, you need a fragment transaction to show it- 
Like all other fragments, operations on dialog fragments are conducted through fragment 
transactions.
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show() method on a dialog fragment takes a fragment transaction as an input. You can 
See this in Listing 10-1. The show() method uses the fragment transaction to add this dialog 
to the activity and then commits the fragment transaction. However, the show() method 
does not add the transaction to the back stack. If you want to do this, you need to add this 
^ansaction to the back stack first and then pass it to the show() method. The show() method 
of a dialog fragment has the following signatures:

Public int show(FragmentTransaction transaction, String tag)
Public int show(FragmentManager manager, String tag)

^he first show() method displays the dialog by adding this fragment to the passed-in transaction 
with the specified tag. This method then returns the identifier of the committed transaction.
^he second show() method automates getting a transaction from the transaction manager, 
'his is a shortcut method. However, when you use this second method, you don’t have an 
°Ption to add the transaction to the back stack. If you want that control, you need to use the 
first method. The second method could be used if you wanted to simply display the dialog, 
and you had no other reason to work with a fragment transaction at that time.

nice thing about a dialog being a fragment is that the underlying fragment manager does 
he basie state management. For example, even if the device rotates when a dialog is being 

displayed, the dialog is reproduced without you performing any state management.

^he dialog fragment also offers methods to control the frame in which the dialog’s view is 
disPlayed, such as the title and the appearance of the frame. Refer to the DialogFragment class 
hocumentation to see morę of these options; this URL is provided at the end of this chapter.

Dismissing a Dialog Fragment
^here are two ways you can dismiss a dialog fragment. The first is to explicitly cali the 
dismiss() method on the dialog fragment in response to a button or some action on the 
dialog view, as shown in Listing 10-4.

listing 10-4. Callingdismiss()

(someview.getld() == R.id.btn_dismiss)

//use some callbacks to advise clients
//of this dialog that it is being dismissed
//and cali dismiss
dismiss();

. return;

he dialog fragmenfs dismiss () method removes the fragment from the fragment manager 
$nd then commits that transaction. If there is a back stack for this dialog fragment, then the 
■^smissO pops the current dialog out of the transaction stack and presents the previous 
ragrnent transaction state. Whether there is a back stack or not, calling dismiss() results in 

calling the standard dialog fragment destroy callbacks, including onDismiss().



210 CHAPTER 10: Working with Dialogs

One thing to notę is that you can’t rely on onDismiss() to conclude that a dismiss() has been 
called by your codę. This is because onDismiss() is also called when a device configuration 
changes and hence is not a good indicator of what the user did to the dialog itself. If the dialog 
is being displayed when the user rotates the device, the dialog fragment sees onDismiss() 
called even though the user did not press a button in the dialog. Instead, you should always 
rely on explicit button clicks on the dialog view.

If the user presses the Back button while the dialog fragment is displayed, this causes the 
onCancel() callback to fire on the dialog fragment. By default, Android makes the dialog 
fragment go away, so you don't need to cali dismiss() on the fragment yourself. But if you 
want the calling activity to be notified that the dialog has been cancelled, you need to invoke 
logie from within onCancel() to make that happen. This is a difference between onCancelO 
and onDismiss() with dialog fragments. With onDismiss(), you can’t be surę exactly what 
happened that caused the onDismiss() callback to fire. You might also have noticed that 
a dialog fragment does not have a cancel() method, just dismiss(); but as we said, when 
a dialog fragment is being cancelled by pressing the Back button, Android takes care of 
cancelling/dismissing it for you.

The other way to dismiss a dialog fragment is to present another dialog fragment. The 
way you dismiss the current dialog and present the new one is slightly different than just 
dismissing the current dialog. Listing 10-5 shows an example.

Listing 10-5. Setting Up a Dialog fora Back Stack

if (someview.getld() == R.id.btn_invoke_another_dialog) 
{

Activity act = getActivity();
FragmentManager fm = act.getFragmentManager();
FragmentTransaction ft = fm.beginTransaction();
ft.remove(this);

ft.addToBackStack(null);
Z/null represents no name for the back stack transaction

HelpDialogFragment hdf =
HelpDialogFragment.newlnstance(R.string.helptext);

hdf.show(ft, "HELP");
return;

}

Within a single transaction, you’re removing the current dialog fragment and adding the 
new dialog fragment. This has the effect of making the current dialog disappear visually an 
making the new dialog appear. If the user presses the Back button, because you’ve saved 
this transaction on the back stack, the new dialog is dismissed and the previous dialog is 
displayed. This is a handy way of displaying a help dialog, for example.

Implications of a Dialog Dismiss
When you add any fragment to a fragment manager, the fragment manager does the state 
management for that fragment. This means when a device configuration changes (for exarnP 
the device rotates), the activity is restarted and the fragments are also restarted. You saW 
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this earlier when you rotated the device while running the Shakespeare sample application 
ln chapter 8.
Ą device-configuration change doesn’t affect dialogs because they are also managed by 
the fragment manager. But the implicit behavior of show() and dismiss () means you can 
easily lose track of a dialog fragment if you’re not careful. The show() method automatically 
adds the fragment to the fragment manager; the dismiss () method automatically removes 
the fragment from the fragment manager. You may have a direct pointer to a dialog 
ragment before you start showing the fragment. But you can’t add this fragment to the 
"agment manager and later cali show(), because a fragment can only be added once to 
the fragment manager. You may plan to retrieve this pointer through restore of the activity. 
However, if you show and dismiss this dialog, this fragment is implicitly removed from the 
ragment manager, thereby denying that fragments ability to be restored and repointed 

(because the fragment manager doesn’t know this fragment exists after it is removed).

If you want to keep the state of a dialog after it is dismissed, you need to maintain the state 
°utside of the dialog either in the parent activity or in a non-dialog fragment that hangs 
around for a longer time.

DialogFragment Sample Application
this section, you review a sample application that demonstrates these concepts of a 

bialog fragment. You also examine communication between a fragment and the activity that 
c°ntains it. To make it all happen, you need five Java files:

■ MainActivity.java: The main activity of your application. It displays a 
simple view with help text in it and a menu from which dialogs can be 
started.

■ PromptDialogFragment. java: An example of a dialog fragment that 
defines its own layout in XML and allows input from the user. It has three 
buttons: Save, Dismiss (cancel), and Help.

■ AlertDialogFragment. java: An example of a dialog fragment that uses 
the AlertBuilder class to create a dialog within this fragment. This is 
the old-school way of creating a dialog.

■ HelpDialogFragment.java: A very simple fragment that displays a help 
message from the application’s resources. The specific help message is 
identified when a help dialog object is created. This help fragment can 
be shown from both the main activity and the prompt dialog fragment.

■ OnDialogDoneListener. java: An interface that you require your activity 
to implement in order to get messages back from the fragments. Using 
an interface means your fragments don’t need to know much about the 
calling activity, except that it must have implemented this interface. This 
helps encapsulate functionality where it belongs. From the activity’s 
point of view, it has a common way to receive information back from 
fragments without needing to know too much about them.



212 CHAPTER 10: Working with Dialogs

There are three layouts for this application; for the main activity, for the prompt dialog
fragment, and for the help dialog fragment. Notę that you don’t need a layout for the alert
dialog fragment because the AlertBuilder takes care of that layout for you internally. When
you’re done, the application looks like Figure 10-1.

Figure 10-1. The user interface for the dialog fragment sample application

Dialog Sample: MainActivity
Let’s get to the source code, which you can download from the book’s web site (see the 
“References” section). We’ll use the DialogFragmentDemo project. Open up the source ooo 
for MainActivity.java before we continue.

The code for the main activity is very straightforward. You display a simple page of text 
and set up a menu. Each menu item invokes an activity method, and each method does 
basically the same thing: gets a fragment transaction, creates a new fragment, and shows 
the fragment. Notę that each fragment has a unique tag that’s used with the fragment 
transaction. This tag becomes associated with the fragment in the fragment manager, so V 
can locate these fragments later by tag name. The fragment can also determine its own ta9 
value with the getTag() method on Fragment.
The last method definition in the main activity is onDialogDone(), which is a callback that is 
part of the OnDialogDoneListener interface that your activity is implementing. As you can 
see, the callback supplies a tag of the fragment that is calling you, a boolean value indicat1 
whether the dialog fragment was cancelled, and a message. For your purposes, you 
want to log the information to LogCat; you also show it to the user using Toast. Toast wiH 
covered later in this chapter.
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Dialog Sample: OnDialogDoneListener
that you can know when a dialog has gone away, create a listener interface that your 

dialog callers implement. The codę of the interface is in OnDialogDoneListener.java.

^his is a very simple interface, as you can see. You choose only one callback for this 
'nterface, which the activity must implement. Your fragments don’t need to know 

specifies of the calling activity, only that the calling activity must implement the
OnDialogDoneListener interface; therefore the fragments can cali this callback to 
c°mmunicate with the calling activity. Depending on what the fragment is doing, there 
could be multiple callbacks in the interface. For this sample application, you re showing the 
lnterface separately from the fragment class definitions. For easier management of codę, 
Vou could embed the fragment listener interface inside of the fragment class definition itself, 
^us making it easier to keep the listener and the fragment in sync with each other.

Dialog Sample: PromptDialogFragment
Now let’s look at your first fragment, PromptDialogFragment, whose layout is in /res/layout/ 
Pr°mpt_dialog.xml and Java codę is under /sre in PromptDialogFragment.java.
^his prompt dialog layout looks like many you’ve seen previously. There is a TextView to 
Seh/e as the prompt; an EditText to take the user’s input; and three buttons for saving the 
lnPut, dismissing (cancelling) the dialog fragment, and popping a help dialog.

PromptDialogFragment Java codę starts out looking just like your earlier fragments. You 
pave a newlnstance() static method to create new objects, and within this method you cali 
ce default constructor, build an arguments bundle, and attach it to your new object. Next, 

V°u have something new in the onAttach() callback. You want to make surę the activity you 
9ot attached t0 has implemented the OnDialogDoneListener interface. In order to test 

Dat, you cast the activity passed in to the OnDialogDoneListener interface. Here s that co e

OnDialogDoneListener test = (OnDialogDoneListener)act;

Catch(dassCastException cce) {
// Here is where we fail gracefully.

j Log.e(MainActivity.LOGTAC, "Activity is not listening");

f the activity does not implement this interface, a ClassCastException is thrown. You could 
^andle this exception and deal with it more gracefully, but this example keeps the codę as 
simple as possible.
^e*t up is the onCreate() callback. As is common with fragments, you don’t build your user 
'^erface here, but you can set the dialog style. This is unique to dialog fragments. You can 
Set both the style and the theme yourself, or you can set just style and use a theme value of 
2ero (0) to let the system choose an appropriate theme for you. Here’s that codę:

lnt style = DialogFragment.STYLE_NORMAL, theme = 0;
SetStyle(style,theme);
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In onCreateView() you create the view hierarchy for your dialog fragment. Just like other
fragments, you do not attach your view hierarchy to the view Container passed in (that is,
by setting the attachToRoot parameter to false). You then proceed to set up the button
callbacks, and you set the dialog prompt text to the prompt that was passed originally to
newlnstance().

The onCancel() and onDismiss() callbacks are not shown because all they do is logging; 
you’ll be able to see when these callbacks fire during the fragmenfs lifecycle.

The finał callback in the prompt dialog fragment is for the buttons. Once again, you grab 
a reference to your enclosing activity and east it to the interface you expect the activity to 
have implemented. If the user pressed the Save button, you grab the text as entered and ca 
the interface’s callback onDialogDone(). This callback takes the tag name of this fragment, a 
boolean indicating whether this dialog fragment was cancelled, and a message, which in this 
case is the text typed by the user. Here it is from the MainActivity:

public void onDialogDone(String tag, boolean cancelled, 
CharSequence message) {

String s = tag + " responds with: " + message; 
if(cancelled)

s = tag + " was cancelled by the user";
Toast.makeText(this, s, Toast.LENCTH_LONG).show(); 
Log.v(L0GTAG, s);

}

To finish handling a click on the Save button, you then cali dismiss() to get rid of the dialo9 
fragment. Remember that dismiss () not only makes the fragment go away visually, but als° 
pops the fragment out of the fragment manager so it is no longer available to you.

If the button pressed is Dismiss, you again cali the interface callback, this time with no 
message, and then you cali dismiss(). And finally, if the user pressed the Help button, y0LJ 
don’t want to lose the prompt dialog fragment, so you do something a little different. We 
described this earlier. In order to remember the prompt dialog fragment so you can come 
back to it later, you need to create a fragment transaction to remove the prompt dialog 
fragment and add the help dialog fragment with the show() method; this needs to go onto 
the back stack. Notice, too, how the help dialog fragment is created with a reference to a 
resource ID. This means your help dialog fragment can be used with any help text availab'e 
to your application.

Dialog Sample: HelpDialogFragment
You created a fragment transaction to go from the prompt dialog fragment to the help 
fragment, and you placed that fragment transaction on the back stack. This has the effect 
making the prompt dialog fragment disappear from view, but ifs still accessible through the 
fragment manager and the back stack. The new help dialog fragment appears in its place 
and allows the user to read the help text. When the user dismisses the help dialog fragmen ’ 
the fragment back stack entry is popped, with the effect of the help dialog fragment being 
dismissed (both visually and from the fragment manager) and the prompt dialog fragment 
restored to view. This is a pretty easy way to make all this happen. It is very simple yetve 
powerful; it even works if the user rotates the device while these dialogs are being display 
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Lookat the source codę of the HelpDialogFragment.java file and its layout (help_dialog.xml). 
^be point of this dialog fragment is to display help text. The layout is a TextView and a Close 
button. The Java codę should be starting to look familiar to you. There’s a newlnstance() 
Method to create a new help dialog fragment, an onCreate() method to set the style and 
'beme, and an onCreateView() method to build the view hierarchy. In this particular case, 
Vou want to locate a string resource to populate the TextView, so you access the resources 
'brough the activity and choose the resource ID that was passed in to newlnstance(). Finally, 
OriCreateView() sets up a button-click handler to capture the clicks of the Close button. In 
'bis case, you don’t need to do anything interesting at the time of dismissal.

^bis fragment is called two ways: from the activity and from the prompt dialog fragment, 
^hen this help dialog fragment is shown from the main activity, dismissing it simply pops 
'be fragment off the top and reveals the main activity underneath. When this help dialog 
'r3gment is shown from the prompt dialog fragment, because the help dialog fragment 

part of a fragment transaction on the back stack, dismissing it causes the fragment 
r3nsaction to be rolled back, which pops the help dialog fragment but restores the prompt 

biolog fragment. The user sees the prompt dialog fragment reappear.

dialog Sample: AlertDialogFragment

have one last dialog fragment to show you in this sample application: the alert dialog 
r3gment. Although you could create an alert dialog fragment in a way similar to the 
belp dialog fragment, you can also create a dialog fragment using the old AlertBuilder 
Jarriework that has worked for many releases of Android. Look at the source codę in 
^ertDialogFragment.java.

don’t need a layout for this one because the AlertBuilder takes care of that for you. 
that this dialog fragment starts out like any other, but instead of an onCreateView() 

callback, you have a onCreateDialog() callback. You implement either onCreateView() or 
°nCreateDialog() but not both. The return from onCreateDialogO is not a view; ifs a dialog. 

f interest here is that to get parameters for the dialog, you should be accessing your 
ąrguments bundle. In this example application, you only do this for the alert message, but 
you could access other parameters through the arguments bundle as well.
^°tice also that with this type of dialog fragment, you need your fragment class to 
lrriPlement the Dialoglnterface.OnClickListener, which means your dialog fragment 
^Ust implement the onClick() callback. This callback is fired when the user acts on the 
6Tibedded dialog. Once again, you get a reference to the dialog that fired and an indication 
of Which button was pressed. As before, you should be careful not to depend on an 
^Dismiss() because this could fire when there is a device configuration change.

^'alog Sample: Embedded Dialogs
^bere’s one more feature of a DialogFragment that you may have noticed. In the main layout 
°rthe application, under the text, is a FrameLayout that can be used to hołd a dialog. In the 
$bplication’s menu, the last item causes a fragment transaction to add a new instance of a 
romptDialogFragment to the main screen. Without any modifications, the dialog fragment 

be displayed embedded in the main layout, and it functions as you would expect.
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One thing that is different about this technique is that the code to show the embedded dialog 
is not the same as the code to do a pop-up dialog. The embedded dialog code looks like this-

ft.add(R.id.embeddedDialog, pdf, EMBED_DIALOG_TAG);
ft.commit();

This looks just the same as in Chapter 8, when we displayed a fragment in a FrameLayout. 
This time, however, you make surę to pass in a tag name, which is used when the dialog 
fragment notifies your activity of the user’s input.

Dialog Sample: Observations
When you run this sample application, make surę you try all the menu options in different 
orientations of the device. Rotate the device while the dialog fragments are displayed. You 
should be pleased to see that the dialogs go with the rotations; you do not need to worry abou 
a lot of code to manage the saving and restoring of fragments due to configuration changes.

The other thing we hope you appreciate is the ease with which you can communicate 
between the fragments and the activity. Of course, the activity has references, or can 
get references, to all the available fragments, so it can access methods exposed by the 
fragments themselyes. This isn’t the only way to communicate between fragments and 
the activity. You can always use the getter methods on the fragment manager to retrieve 
an instance of a managed fragment, and then east that reference appropńately and cali a 
method on that fragment directly. You can even do this from within another fragment. The 
degree to which you isolate your fragments from each other with interfaces and through 
activities, or build in dependencies with fragment-to-fragment communication, is based on 
how complex your application is and how much reuse you want to achieve.

Working with Toast
A Toast is like a mini alert dialog that has a message and displays for a certain amount of 
time and then goes away automatically. It does not have any buttons. So it can be said tha 
it is a transient alert message. It’s called Toast because it pops up like toast out of a toastem

Listing 10-10 shows an example of how you can show a message using Toast.

Listing 10-10. Using Toast forDebugging
//Create a function to wrap a message as a toast
//show the toast
public void reportToast(String message) 
{

String s = MainActivity.LOGTAG + + message;
Toast.makeText(activity, s, Toast.LENGTH_SHORT).show();

}
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e makeText() method in Listing 10-10 can take not only an activity but any context object, 
ch as the one passed to a broadcast receiver or a sen/ice, for example. This extends the 
e °f Toast outside of activities.
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Summary
??is chaPter discussed asynchronous dialogs and how to use dialog fragments, including 

e following topics:

What a dialog is and why you use one

The asynchronous naturę of a dialog in Android

The three steps of getting a dialog to display on the screen

Creating a fragment

Two methods for how a dialog fragment can create a view hierarchy

How a fragment transaction is involved in displaying a dialog fragment, 
and how to get one

What happens when the user presses the Back button while viewing
a dialog fragment
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■ The back stack, and managing dialog fragments

■ What happens when a button on a dialog fragment is clicked, and how 
you deal with it

■ A clean way to communicate back to the calling activity from a dialog 
fragment

■ How one dialog fragment can cali another dialog fragment and still get 
back to the previous dialog fragment

■ The Toast class and how it can be used as a simple alert pop-up



Working with Preferences 
and Saving State
Pref^^ °^ers a r°bust and flexible framework for dealing with settings, also known as 
s erer>ces. And by settings, we mean those feature choices that a user makes and 

esj to customize an application to their liking. (In this chapter, the terms settings and 
vj erences be used interchangeably.) For example, if the user wants a notification 
re a rin9tone or vibration or not at all, that is a preference the user saves; the application 

ernders the choice until the user changes it. Android provides simple APls that hide the 
y0 na9ement and persisting of preferences. It also provides prebuilt user interfaces that 
ĄndCan use the user make preference selections. Because of the power built into the 
sto r°'d brcfefences framework, we can also use preferences for more general-purpose 

°f application state, to allow our application to pick up where it left off, should our 
be iCati0n $° away ancl come back later. As another example, a game’s high scores could 

s °red as preferences, although you’ll want to use your own Ul to display them.

to iS.c^apter covers how to implement your own settings screens for your application, how 
stat eraCt With Android system settings, and how to use settings to secretly save application 
l0 ,e’ and it also provides best-practice guidance. You’ll discover how to make your settings 

9ood on smali screens as well as larger screens such as those found on tablets.

^Ploring the Preferences Framework
^ndroid’s preferences framework builds from the individual settings choices, to a hierarchy 

textCreens that contain settings choices. Settings could be binary settings such as on/off, or 
p 'nput, or a numeric value, or could be a selection from a list of choices. Android uses a 

erenceManager to provide settings values to applications. The framework takes care of 
1119 and Persistin9 changes, and notifying the application when a setting changes or is 

filesUTt0 change' While settings are persisted in files, applications don’t deal directly with the 
■ The files are hidden away, and you’ll see shortly where they are.

219
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As with views covered in Chapter 3, preferences can be specified with XML, or by writing 
code. For this chapter, you’II work with a sample application that demonstrates the 
different types of choices. XML is the preferred way to specify a preference, so that is hoW 
the application was written. XML specifies the lowest-level settings, plus how to group 
settings together into categories and screens. For reference, the sample application for this 
chapter presents the following settings as shown in Figure 11-1.

» 6 11:59

My Preferences

• 0 ■ 12:01

My Preferences

Flight Options
Currently set to # of Stops

Flight Search Preferences
Set Columns for Search Results

Set Package Name
com.androidbook

Set Ringtone Preference
Default Ringtone

Default Ringtone

Organizing Preferences
Using Preference Categories in Nested Screens

Organizing Preferences
Using Stacked Categories in one Screen

Launch a new screen into a fragment

ALERTS

Organizing Preferences
Using Preference Categories in Nested Screens

Send email?

Organizing Preferences
Using Stacked Categories in one Screen

Email Address
davemac327@gmail.com

Launch a new screen into a fragment Notifications are

ALERTS
Favorite Pizza Toppings

^3 CZ3 [S1 m1

Figure 11-1. The main settings from the sample app preference Ul. Due to the screen’s height, it has been shown 
the top on the left and the bottom on the right. Notice the overlap between the two images

Android provides an end-to-end preferences framework. This means the framework lets y° 
define your preferences, display the setting(s) to the user, and persist the user’s selection 
the data storę. You define your preferences in XML under /res/xml/. To show preferences 
the user, you write an activity class that extends a predefined Android class called androld' 
preference.PreferenceActivity and use fragments to handle the screens of preferences-
The framework takes care of the rest (displaying and persisting). Within your application, 
your code will get references to specific preferences. With a preference reference, you can 
get the current value of the preference.
In order for preferences to be saved across user sessions, the current values must be save 
somewhere. The Android framework takes care of persisting preferences in an XML file 
within the application’s /data/data directory on the device (see Figure 11 -2).

mailto:davemac327@gmail.com
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~-----y—-------- y--------- ------------------------------------------------------- -- ------- -----—------------ —— ’ ———
^ Threads @ Heap 1 @ Allocaton Tracker Ki _____________

J^amę Size 1 Datę Time Permissions |
® acct 2013-11-24 12:11 drwxr-xr-x
® & cache 2013-11-24 13:15 drwxrwx—
® & config 2013-11-24 12:11 dr-x-----

& d 2013-11-24 12:11 lrwxrwxrwx
® & data 2012-10-13 14:40 drwxrwx-x

9 £> data 2013-11-24 12:16 drwxrwx--x
B & com.androidbook.preferences.main 2013-11-24 12:16 drwxr-x-x

® & cache 2013-11-24 12:16 drwxrwx-x

® £> lib 2013-11-24 12:16 drwxr-xr-x

B & shared_prefis 2013-11-24 12:28 drwxrwx—x

jg| com. androidbook.preferences.main_preferences. xml 380 2013-11-24 12:23 -TW-fW-—

figure 11-2. path to an application’s savedpreferences

Notę You will be able to inspect shared preferences files in the emulator only. On a real device, 
the shared preferences files are not readable due to Android security (unless you have root 
privileges, of course).

he default preferences file path for an application is /data/data/[PACKAGE_A/AMFj/
s 3r^dj)re-fs/[PACKAGE_NAME]_pre-ferences.xml, where [PACKAGE_NAME] is the package of the 
Pplication. Listing 11-1 shows the com.androidbook.preferences.main_preferences.xml 
ata file for this example.

filing ii-i SavedPreferences for OurExample

version='l.O' encoding='utf-8' standalone='yes' ?>

^oolean name="notification_switch" value="true" />
rtng name="package_name_preference">com.androidbook.win</string>

^°°lean name="potato_selection_pref" value="true" />
°olean name="show_airline_column_pref" value="true" />

, rtng name="flight_sort_option">2</string>
^°°lean name="alert_email" value="false" />

.name="pizza_toppings ">
<s r:)ng>pepperoni</string>
< ring>cheese</string>
</sging>olive</string>

^^Hg name="alert_email_address">davemac327@gmail.com</string>

Va/°U can see’ va'ues are stored in a map, with preference keys as names to the data 
ues. Some of the values look cryptic and do not match what is displayed to the user. For 

Xarhple, the value for flight_sort_option is 2. Android does not storę the displayed text as 
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the value of the preference; rather, it stores a value that the user won’t see, that you can use 
independently of what the user sees. You want the freedom to change the displayed text 
based on the user’s language, and you also want the ability to tweak the displayed text while 
keeping the same stored value in the preferences file. You might even be able to do simpler 
Processing of the preference if the value is an integer instead of some display string. What 
you don’t have to worry about is parsing this data file. The Android preferences framework 
provides a nice API for dealing with preferences, which will be described in more detail later 
in this chapter.
If you compare the preferences map in Listing 11-1 with the screenshots in Figurę 11 -1 > y°u 
will notice that not all preferences are listed with values in the preferences XML data file. This 
is because the preference data file does not automatically storę a default value for you. You 
see shortly how to deal with default values.

Now that you’ve seen where the values are saved, you need to see how to define the 
screens to display to the user so they can make selections. Before you see how to collect 
preferences together into screens, you’ll learn about the different types of preferences you 
can use, and then you’ll see how to put them together into screens. Each persisted value m 
the /data/data XML file is from a specific preference. So let’s understand what each of these 
means.

Understanding CheckBoxPreference and SwitchPreference
The simplest of the preferences are the CheckBoxPreference and SwitchPreference.
These share a common parent class (TwoStatePreference) and are either on (value is 
true) or off (value is false). For the sample application, a screen was created with five 
CheckBoxPreferences, as shown in Figurę 11-3. Listing 11-2 shows what the XML looks like 
for a CheckBoxPreference.

» 0 r 2:16

Flight Search Preferences

Airline
Show Airline column

Departure
Show Departure column

Arrival
Show Arrival column

Total Travel Time
Show Total Travel Time column

Price
Show Price column

Figurę 11-3. The user interface for the check box preference 
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listing 1i-g, Using CheckBoxPreference

<CheckBoxPreference
android:key="show_airline_column_pref"
android:title="Airline"
android:summary="5how Airline column" />

Notę We will give you a URL at the end of the chapter that you can use to download projects from 
this chapter. This will allow you to import these projects into your IDE directly. The main sample 
application is called PrefDemo. You should refer to that project until you come to the Saving State 
section.

his example shows the minimum thaf s required to specify a preference. The key is the 
eference to, or name of, the preference, the title is the title displayed for the preference, 
nd summary is a description of what the preference is for or a status of the current setting. 
°°king back on the saved values in Listing 11-1, you will see a <boolean> tag for “show_ 
lrline_column_pref” (the key), and it has an attribute value of true, which indicates that the 

Preference is checked on.
^'th CheckBoxPreference, the state of the preference is saved when the user sets the state. 

°ther words, when the user checks or unchecks the preference control, its State is saved 
^ediately.

Thc'e SwitchPreference is very similar except that the visual display is different. Instead of a 
neck box in the user interface, the user sees an on-off switch, as shown in Figure 11-1 next 
0 “Notifications are”.

other useful feature of CheckBoxPreference and SwitchPreference is that you can 
$6 different summary text depending on whether ifs checked. The XML attributes are 
„^maryOn and summaryOff. If you look in the main.xml file for the CheckBoxPreference called 
potato_selection_pref” you will see an example of this.

^efore you learn the other preference types, now would be a good time to understand how 

Access this preference to read its value and perform other operations.

Lessing a Preference Value in Code
ow that you have a preference defined you need to know how to access the preference in 
Ue so you can read the value. Listing 11-3 shows code to access the SharedPreferences 

, Ject in Android where the preferences exist. This code is from the MainActivity.java file
^e setOptionText() method.
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Listing 11-3. Accessing the CheckBoxPreference
SharedPreferences prefs =

PreferenceManager.getDefaultSharedPreferences(this);
II This is the other way to get to the shared preferences:
II SharedPreferences prefs = getSharedPreferences(
// "com.androidbook.preferences.main_preferences", 0);

boolean showAirline = prefs.getBoolean("show_airline_column_pref", false);

Using the reference to preferences, it is straightforward to read the current value of the 
show_airline_column_pref preference. As shown in Listing 11 -3, there are two ways to 
get to the preferences. The first way shown is to get the default preferences for the current 
context. In this case, the context is that of the MainActivity of our application. The second 
case, which is shown commented out, retrieves the preferences using a package name. 
You could use whatever package name you want in case you need to storę different sets ot 
preferences in different files.

Once you have a reference to the preferences, you cali the appropriate getter method 
with the key of the preference and a default value. Since show_airline_column_pref is a 
TwoStatePreference, the value returned is a boolean. The default value for show_airline_ 
column_pref is hard-coded here as false. If this preference has not yet been set at all, the 
hard-coded value (false) will be assigned to showAirline. However, that by itself does not 
persist the preference to false for futurę use, nor does it honor any default value that mig^ 
have been set in the XML specification for this preference. If the XML specification uses a 
resource value to specify the default value, then the same resource could be referred to in 
codę to set the default value, as shown in the following for a different preference:

String flight_option = prefs.getString(
resources.getString(R.string.flight_sort_option),
resources.getString(R.string.flight_sort_option_default_value));

Notice here that the key for the preference is also using a string resource value (R. string • 
flight_sort_option). This can be a wise choice sińce it makes typos less likely. If the 
resource name is typed wrong you’ll very likely get a build error. If you use just simple 
strings, it is possible for a typo to go unnoticed, except that your preferences won’t work-

We showed one way to read a default value for a preference in codę. Android provides 
another way that is a bit more elegant. In onCreate(), you can do the following instead:

PreferenceManager.setDefaultValues(this, R.xml.main, false);

Then, in setOptionText(), you would have done this to read the option value:

String option = prefs.getString(
resources.getString(R.string.flight_sort_option), nuli);

The first cali will use main.xml to find the default values and generate the preferences 
XML data file for us using the default values. If we already have an instance of the 
SharedPreferences object in memory, it will update that too. The second cali will then fin 
value for flight_sort_option, because we took care of loading defaults first.
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er running this codę the first time, if you look in the shared_prefs folder, you will see the 
e erences XML file even if the preferences screen has not yet been invoked. You will also 
e another file called _has_set_default_values.xml. This file tells your application that the 
e erences XML file has already been created with the default values. The third argument 
setDefaultValues()— that is, false—indicates that you want the defaults set in the 

e erences XML file only if it hasn’t been done before. Android remembers this information 
rough the existence of this new XML file. However, Android remembers even if you upgrade 
Ur appliMtion anc* add new settings with new default values, which means this trick won’t

and ”°Se new d^aults. Your best option is to always use a resource for the default value, 
always provide that resource as the default value when getting the current value of a

P^ference.

Understanding ListPreference
Ą list preference contains radio buttons for each option, and the default (or current) selection 
^Preselected. The user is expected to select one and only one of the choices. When the 

er chooses an option, the dialog is immediately dismissed and the choice is saved in the 
e erences XML file. Figure 11-4 shows what this looks like.

• 0 t 2:48

My Preferences

Flight Options
Currently set to Airline

Flight Search Preferences

Choose Flight Options

Total Cost

# of Stops

Airline •

Cancel

F'Sure 11.4 jhe user jnterface for the ListPreference

mg H-4 contains an XML fragment that represents the flight-option preference setting. 
s time the file contains references to strings and to arrays, which would be the more 
mmon way to specify these rather than hard-coding the strings. As mentioned before, 
value of a list preference as stored in the XML data file under the /data/data/{package} 

is cfory is not the same as what the user sees in the user interface. The name of the key 
Set °red *n th® data f''e’ a'on9 with a hidden value that the user does not see. Therefore, to

a ListPreference to work, there needs to be two arrays: the values displayed to the user
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and the strings used as key values. This is where you can easily get tripped up. The entries
array holds the strings displayed to the user, and the entryValues array holds the strings thał
will be stored in the preferences data XML file.

Listing 11-4. Specifying a ListPreference in XML
<ListPreference

android:key="@string/flight_sort_option"
android:title="@string/listTitle"
android:summary="@string/listSummary"
android:entries="@array/flight_sort_options“
android:entryValues="@array/flight_sort_options_values"
android:dialogTitle="@string/dialogTitle"
android: defaultValue=''@string/flight_sort_option_default_value" />

The elements between the two arrays correspond to each other positionally. That is, the 
third element in the entryValues array corresponds to the third element in the entries array 
It is tempting to use 0,1,2, etc., as entryValues but it is not required, and it could cause 
problems later when the arrays must be modified. If our option were numeric in naturę (fot 
example, a countdown timer starting value), then we could have used values such as 60, 
120, 300, and so on. The values don’t need to be numeric at all as long as they make sense 
to the developer; the user doesn’t see these values unless you choose to expose them. 
The user only sees the text from the first string array flight_sort_options. The example 
application for this chapter shows it both ways.
A word of caution here: because the preferences XML data file is storing only the value and 
not the text, should you ever upgrade your application and change the text of the options 
or add items to the string arrays, any value stored in the preferences XML data file should 
still linę up with the appropriate text after the upgrade. The preferences XML data file is kep 
during the application upgrade. If the preferences XML data file had a "1" in it, and that 
meant “# of Stops” before the upgrade, it should still mean “# of Stops” after the upgrade-

Since the entryValues array is not seen by the end user, it is best practice to storę it once 
and only once within your application. Therefore, make one and only one /res/values/ 
prefvaluearrays.xml file to contain these arrays. The entries array is very likely to be 
created multiple times per application, for different languages or perhaps different device 
configurations. Therefore, make separate prefdisplayarrays.xml files for each yariation th 
you need. For example, if your application will be used in English and in French, there wil1 
separate prefdisplayarrays.xml files for English and French. You do not want to include 
entryValues array in each of these other files. It is imperative though that there are the sa 
numbers of array elements between entryValues and entries arrays. The elements must 
linę up. When you make changes, be careful to keep everything in alignment. Listing 11'$ 
contains the source of ListPreference files for the example.
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listing i i-g other ListPreference Files from Our Example

version="i.o" encoding="utf-8"?>
This file is /res/values/prefvaluearrays.xml -->

<resoUrces>
<string-array name="flight_sort_options_values">

<item>o</item>
<item>i</item>
<item>2</item>

< string-array>
<string.array name="pizza_toppings_values">

<item>cheese</item>
<item>pepperoni</item>
<item>onion</item>
<item>mushroom</item>
<item>olive</item>
<item>ham</item>
<item>pineapple</item>

string-array>
string-array name="default_pizza_toppings">

<item>cheese</item>
<item>pepperoni</item>

string-array>
Vresources>

version="1.0" encoding="utf-8"?>
' ' This file is /res/values/prefdisplayarrays.xml --> 
resources>
sTiing-array name="flight_sort_options">

<item>Total Cost</item>
of Stops</item>

<item>Airline</item> 
string-array>
ring-array name="pizza_toppings">
<item>Cheese</item>
<item>Pepperoni</item>
<item>Onions</item>
<item>Portobello Mushrooms</item>
<item>Black 01ives</item>
<item>Smoked Ham</item>
<item>Pineapple</item> 

string-array> 
resources>

Al&e d°n’t forget that your default value as specified in the XML source file must match an 
ryValue in the array from prefvaluearrays.xml.p

k r a ListPreference, the value of the preference is a String. If you are using number strings 
jri'9-> 0, 1, 1138) as entryValues, you could convert those to integers or whatever you need 

y°ur codę, as is used in the flight_sort_options_values array.
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Your codę is likely going to want to display the user-friendly text from the preference’s 
entries array. This example took a shortcut, because array indices were used for the 
elements in flight_sort_options_values. By simply converting the value to an int, 
you know which string to read from flight_sort_options. Had you used some other 
set of values for flight_sort_options_values, you would need to determine the index 
of the element that is your preference and then turn around and use that index to grab 
the text of your preference from flight_sort_options. ListPreference’s helper method 
find!ndexOfValue() can help with this, by providing the index into the values array so you 
can then easily get the corresponding display text from the entries array.
Returning now to Listing 11 -4, there are several strings for titles, summaries, and more. The 
string called flight_sort_option_default_value sets the default value to 1 to represent “# 
of Stops” in the example. It is usually a good idea to choose a default value for each opti°n- 
If you don’t choose a default value and no value has yet been chosen, the methods that 
return the value of the option will return nuli. Your codę would have to deal with nuli values 
in this case.

Understanding EditTextPreference
The preferences framework also provides a free-form text preference called 
EditTextPreference. This preference allows you to capture raw text rather than ask the 
user to make a selection. To demonstrate this, let’s assume you have an application that 
generates Java codę for the user. One of the preference settings of this application migM 
the default package name to use for the generated classes. Here, you want to display ateX 
field to the user for setting the package name for the generated classes. Figure 11 -5 shows 
the Ul, and Listing 11 -6 shows the XML.

0 M®4l • 4:41

M My Preferences

Package Name

com.androidbook.win

Cancel OK

Set Rinatone Preference

Figure 11-5. Using the EditTextPreference
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Listing n.6 An Example of an EditTextPreference
<^ditTextPreference

android: key= "package_name_preference"
android:title="Set Package Name"
android:summary="Set the package name for generated code" 
android:dialogTitle="Package Name" />

PacT Pac^a9e Name is selected, the user is presented with a dialog to input the 
store^6 name' When the OK button is clicked, the preference is saved to the preference 

aonr°^er Preferences, you can obtain the value of the preference by calling the 
^Propnate getter method, in this case getString().

Understanding MultiSelectListPreference
The ^na^’ a Preference called MultiSelectListPreference was introduced in Android 3.0. 
selert01"106^ 'S somewhat similar to a ListPreference, but instead of only being able to 
the M i°ne '*em 'n user can se'ecf several or nonę. In Listing 11-1,
prefeU tiSelec'tl-istPreference Stores a <set name="pizza_toppings"> tag in the 
^ult -Tn068 data file, instead of a single value. The other significant difference with a 
array1 Th Pre_perence 's thatthe default value is an array just like the entryValues 
the y "at IS’ array f°r default values must contain zero or morę of the elements from 
thisen3ryyatues array for this preference. This can also be seen in the sample application for 

c apter; just view the end of the main.xml file in the /res/xml directory.
Shay6^6 currer,t value of a MultiSelectListPreference, use the getStringSet() method of 
iterate Pre^erences- To retrieve the display strings from the entries array, you would need to 
the ,e through the set of strings that is the value of this preference, determine the index of 

s r|ng, and use the index to access the proper display string from the entries array.

Updating AndroidManifest.xml
mT1* a*3 are two actiyities in the sample application, we need two activity tags in 
one 01^anifest.xml, The first one is a standard activity of category LAUNCHER. The second 
9hd 'S a Pre'TerenceAc'tivity, so set the action name according to convention for intents, 
the category to PREFERENCE as shown in Listing 11-7. You probably don’t want 
whicheferenCeAci’ivity showing up on the Android page with all our other applications, 
Ąr>dr Why you don t use LAUNCHER for it- You would need to make similar changes to 

°idManifest.xml if you were to add other preference actiyities.
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Listing 11-7. PreferenceActivity Entry inAndroidManifest. xml

<activity android:name=".MainPreferenceActivity" 
android:label="@string/prefTitle">

<intent-filter>
<action android:name=

"com.androidbook.preferences.main.intent.action.MainPreferences" />
<category

android:name="android.intent.category.PREFERENCE" /> 
</intent-filter>

</activity>

Using PreferenceCategory
The preferences framework provides support for you to organize your preferences into 
categories. If you have a lot of preferences, for example, you can use PreferenceCategory, 
which groups preferences under a separator label. Figurę 11-6 shows what this could look 
like. Notice the separators called “MEATS” and “VEGETABLES.” You can find the specifications 
forthese in /res/xml/main.xml.

• 0 V MG;^ a 9.39

Organizing Preferences

MEATS

Fish
Fish is great for the healthy

Chicken
A common type of poultry

✓

Lamb
Lamb is a young sheep

VEGETABLES

Tomato 
lt's actually a fruit

✓

Potato
My favorite vegetable

□1

Figurę 11-6. Using PreferenceCategory to organize preferences
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Creating Child Preferences with Dependency
^nother way to organize preferences is to use a preference dependency. This creates a 
Parent-child relationship between preferences. For example, you might have a preference 

at turns on alerts; and if alerts are on, there might be several other alert-related 
references to choose from. If the main alerts preference is off, the other preferences are not 

elevant and should be disabled. Listing 11-8 shows the XML, and Figure 11-7 shows what it 
°°ks like.

^sting ns, Preference Dependency in XML
<f’referenceScreen>

<PreferenceCategory
android:title="Alerts">

<CheckBoxPreference
android:key="alert_email"
android:title="Send email?" />

<EditTextPreference
android:key="alert_email_address"
android:layout="?android:attr/preferenceLayoutChild" 
android:title="Email Address"
android:dependency="alert_email" />

</PreferenceCategory>
referenceScreen>

Alerts

Send email?

Email Address

F‘9ure 11-7. Preference dependency

References with Headers
t Proid 3.0 introduced a new way to organize preferences. You see this on tablets under 
s ^ain Settings app. Because tablet screen real estate offers much more room than a 
Y artphone does, it makes sense to display more preference information at the same time.

accomplish this, you use preference headers. Take a look at Figure 11 -8.



WIRELESS & NETWORKS

T Wi-Ft - Jt/U '
Volumes

0 Bluetooth Of F
RINGTONE & NOTIFICATIONS

O Data usage
Default notification
OnTheHunt

Morę...

device Vibrate and ring

Sound SYSTEM

0 Display Touch sounds

H Multimedia
Screen lock sound

S Storage

fi Battery Vibrate on touch

Accounts & sync

n Apps

PERSONAL

Figure 11-8. Main Settings page with preference headers

h Notice that headers appear down the left side, like a vertical tab bar. As you click eacn 
on the left, the screen to the right displays the preferences for that item. In Figure 11'®’ 
Sound is chosen, and the sound preferences are displayed at right. The right side is 
a PreferenceScreen object, and this setup uses fragments. Obviously, we need to do 
something different than what has been discussed so far in this chapter.

The big change from Android 3.0 was the addition of headers to PreferenceActivity‘ 
also means using a new callback within PreferenceActivity to do the headers setup- 
when you extend PreferenceActivity, you’11 want to implement this method: 

public void onBuildHeaders(List<Header> target) { 
loadHeadersFromResource(R.xml.preferences, target);

}

Please refer to the PrefDemo sample application for the complete source code. The 
preferences.xml file contains some new tags that look like this:

<preference-headers
xmlns:android="http://schemas.android.com/apk/res/android">

cheader android:fragment="com.example.PrefActivity$PrefslFragment"
android:icon="@drawable/ic_settings_sound"
android:title="Sound"
android:summary="Your sound preferences" /> 

http://schemas.android.com/apk/res/android
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giv leader tag points to a class that extends PreferenceFragment. In the example just 
pr f ’ the XML specifies an icon, the title, and summary text (which acts like a subtitle).

slFragment is an inner class of PreferenceActivity that could look something like this:

Public c+
@0 S .ic class PrefslFragment extends PreferenceFragment {

Public void onCreate(Bundle saved!nstanceState) {
Super.onCreate(saved!nstanceState);
addPreferencesFromResource(R.xml.sound_preferences);

That ls 'nner class needs to do is puli in the appropriate preferences XML file, as shown.
$UCh preterences file contains the types of preference specifications we covered earlier,
v6rv as ListPreference, CheckBoxPreference, PreferenceCategory, and so on. Whats 
chan 'S that Android takes care of doing the right thing when the screen configuration 
prefe^es anc* when the preferences are displayed on a smali screen. Headers behave like old 
to thrences when the screen is too smali to display both headers and the preference screen 
Only That is, you only see the headers; and when you click a header, you then see 

e appropriate preference screen.

^erenceScreens
Pr6f Op~'evel Container for preferences is a PreferenceScreen. Before tablets and 
a ne . enceFragments, you could nest PreferenceScreens, and when the user clicked on 
diSpi ec* PreferenceScreen item, the new PreferenceScreen would replace the currently 
On g . PreferenceScreen. This worked fine on a smali screen, but doesn’t look as good 
for tt|g et’ especially if you started with headers and fragments. What you probably want is 

new PreferenceScreen to appear where the current fragment is.

a PreferenceScreen work inside of a fragment, all you need to do is specify a 
class name for that PreferenceScreen. Listing 11-9 shows the XML from the 

p,e aPPlication.

11-0 nPreferenceScreen invoked via a PreferenceFragment

and °^:tLtle="Launch a new screen into a fragment"
01d:fragment="com.androidbook.preferences.main.BasicFrag" />

Heri th
ther) । e user clicks on this item, the current fragment is replaced with BasicFrag, which 
ba$iCf s a new XML layout for a PreferenceScreen as specified in nested_screen_

ln ^is case, we chose not to make the BasicFrag class an inner class of the 
c|ąSs e erenceActivity class, mainly because there is no sharing needed from the outer 

’ and to show you that you can do it this way if you prefer.
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Dynamie Preference Summary Text
You’ve probably seen preferences where the preference summary contains the current 
value. This is actually a little harder to implement than you might think. To accomplish 
this feat, you create a listener callback that detects when a preference value is about to 
change, and you then update the preference summary accordingly. The first step is for V° 
PreferenceFragment to implement the OnPreferenceChangeListener interface. You then n® 
to implement the onPreferenceChange() callback. Listing 11-10 shows an example. The 
pkgPref object in the callback was set earlier to the preference in the onCreate() method'

Listing 11-10. Setting Up a Preference Listener
public boolean onPreferenceChange(Preference preference,

Object newValue) { 
finał String key = preference.getKey();
if ("package_name_preference".equals(key)) { 

pkgPref.setSummary(newValue.toString());
}

return true; 
}

You have to register the fragment as a listener in onResume() using setOnPreferenceChange 
Listener(this) on each preference you want to listen on, and unregister in onPauseO 
by calling it again with nuli. Now every time there is a pending change to a preference 
you’ve registered for, this callback will be invoked passing in the preference and the 
potential new value. The callback returns a boolean indicating whether to proceed 
with setting the preference to the new value (true) or not (false). Assuming you would 
return true to allow the new setting, this is where you can update the summary value as 
well. You could also validate the new value and reject the change. Perhaps you want a t 
MultiSelectListPreference to have a maximum number of checked items. You could o 
the selected items in the callback and reject the change if there are too many.

Saving State with Preferences
canPreferences are great for allowing users to customize applications to their liking, but we 

use the Android preference framework for more than that. When your application needs• 
keep track of some data between invocations of the application, preferences are one w 
accomplish the task even if the user can’t see the data in preference screens. Please f|n 
sample application called SavingStateDemo to follow along with the complete source o

The Activity class has a getPreferences(int modę) method. This, in reality, simply ca 
getSharedPreferences() with the class name of the activity as the tag plus the modę 
passed in. The result is an activity-specific shared preferences file that you can use to 
data about this activity across invocations. A simple example of how you could use this 
shown in Listing 11-11. 
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listing ii.li u .
'■ Using Preferences to Save State for an Activity

^?al string INITIALIZED = "initialized";
lvate String someString;

SharedPreferences myPrefs = getPreferences(MODE_PRIVATE);

i°°^3p hasPreferences = myPrefs.getBoolean(INITIALIZED, false);

L°g.v("Preferences", "We've been called before");
Read other values as desired from preferences file...

} s°meString = myPrefs.getString("someString", "");

°g.v("Preferences", "First time ever being called"); 
Set up initial values for what will end up

1 in the preferences file
j s°meString = "some default value";

Edi+ater ^en ready to write out values
edit°r editor = myPrefs.edit();
edit°r'PutBoolean(INITIALIZED, true);
// .^‘P^tringCsomeString", someString);

.Jttte other values as deZi^ed
dltor-commit();

^hat th jg
the 6xj . Code d°es *s acquire a reference to preferences for our activity class and check for 
^otati enCe Of a boolean “preference” called initialized. We write “preference” in double 
^ereiy because this value is not something the user is going to see or set; ifs 
a Va|Ue ^alue that we want to storę in a shared preferences file for use next time. If we get 
^ou c ’ ।shared preferences file exists, so the application must have been called before. 
couięj be tllen read other values out °f the shared preferences file. For example, someString 
the ęjef an activity variable that should be set from the last time this activity ran or set to

u t value if this is the first time.
0 WriteCąn ther|Va,UeS t01*"1® shared preferences file, you must first get a preferences Editor. You 

Notę that^Values into Preferences and commit those changes when you’re finished. 
Ny sha ’ be^'nb the scenes, Android is managing a SharedPreferences object that is 
'^Portant 'dea^’ there is never more than one Editor active at a time. But it is very 
href6re *° Ca*' *be commitO method so that the SharedPreferences object and the shared 
he Use ®s XML file get updated. In the example, the value of someString is written out to 
y e next time this activity runs.
. OlJ cap ac

this in । ess> write, and commit values any time to your preferences file. Possible uses 
rup y Ude Wr'ting out high scores for a gamę or recording when the application was

SeParate °U Can a'so use tbe gstSharedPreferencesO cali with different names to manage 
sets of preferences, all within the same application or even the same activity.
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MODE_PRIVATE was used for modę in our examples thus far. Because the shared preferenc 
files are always stored within your application’s /data/data/{package} directory and 
therefore are not accessible to other applications, you only need to use MODE_PRIVATE.

Using DialogPreference
So far, you’ve seen how to use the out-of-the-box capabilities of the preferences framework 
but what if you want to create a custom preference? What if you want something like the 
slider of the Brightness preference under Screen Settings? This is where DialogPreference 
comes in. DialogPreference is the parent class of EditTextPreference and ListRreferenc^ 
The behavior is a dialog that pops up, displays choices to the user, and is closed with a 130 
or via the Back button. But you can extend DialogPreference to set up your own customi 
preference. Within your extended class, you provide your own layout, your own click han 
and custom code in onDialogClosed() to write the data for your preference to the shared 
preferences file.

Reference
Here are helpful references to topics you may wish to explore further:

■ : 
Android’s Design Guide to Settings. Some good advice about laying out 
Settings screens and options.

http://developer.android.com/design/patterns/settings.html

■ : 
Android’s API Guide to Settings. This page describes the Settings 
framework.

http://developer.android.com/guide/topics/ui/settings.html

■  
Settings.html: Reference page that lists the settings constants for 
calling a system settings activity.

http://developer.android.com/reference/android/provider/

■ : A list of downloadable 
projects related to this book. For this chapter, look for the file 
ProAndroid5_Chll_Preferences.zip. This ZIP file contains all the 
projects from this chapter, listed in separate root directories. There is 
also a README.TXT file that describes how to import projects into your 
IDE from one of these ZIP files.

www.androidbook.com/proandroid5/projects

http://developer.android.com/design/patterns/settings.html
http://developer.android.com/guide/topics/ui/settings.html
http://developer.android.com/reference/android/provider/
http://www.androidbook.com/proandroid5/projects


Reading the current values of preferences into your application

Setting default values from embedded codę and by writing the default 
values from the XML file to the saved preferences file

Organizing preferences into groups, and defining dependencies between 
preferences

Callbacks on preferences to validate changes and to set dynamie 
summary text

Using the preferences framework to save and restore information from 
an activity across invocations

Creating a custom preference



Chapter

Using the Compatibility 
Library for Older Devices
seyera| P|a^orrTI has gone through an impressive evolution sińce it was first introduced 
types of d9rS a9°' ^hile the intention has always been for Android to power lots of different 
Google evices’ 't wasn’t architected from the beginning to meet that goal. Instead, the 
0ne of thn9KneerS have added’ removed, and changed APls in order to provide new features. 
sizes su l bl99est changes was the creation of fragments in order to handle larger screen 
and Menus&S °n tab'ets and TVs. But there have been other changes such as with ActionBar

new api^on the n S created a difficult problem for developers who wanted their applications to run 
Many OidW devices with the new APls, as well as older devices that did not have those APls. 
reviSiOn tr devices do n°t get Android upgrades. Even if Google added the new APls to a 
of the te r e °'d Android 0S’the old devices aren’t going to get that new revision, because 
carrier Th*^ and suPPort required from both the device manufacturer and the cellular 
be linked 6 SOlution that Google came up with was to create compatibility libraries that could 
still run lnto an aPPlication so it could take advantage of the new API functionality yet 
'^Pienie an °lder version of Android. The library figures out how to use the older APls to 
a'ready h1 new features- the same application runs on a newer version of Android that 
DreSent'aS tbose new features, the compatibility library calls through to the underlying APls 

ln that newer version of Android.
mis chant
to Watch er W'" d've 'nt0 comPatibility libraries and explain how to use them and what 
couip saf°|Ut f°r’ *ou aren’t developing applications for older versions of Android, you 
if you wa6/ tbls cbaPter as you won’t need the libraries. The libraries are only useful 
Version n?? inc,ude the functionality of a new API in an application that will run on an old 

Android that doesn’t have that new API.

239
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It All Started with Tablets
The Android operating system was doing fine until it came time to support tablets. The 
building błock of an application was the activity, meant to perform a single task for the u 
and to fili the screen of the device. But tablets offered morę real estate so the user coui 
see and do a few things at a time on one screen. So with Honeycomb (Android 3.0), G°oy 
introduced fragments. This was a whole new concept, which changed how developers 
created Uls and the logie that ran behind them. And this would have been fine, excepf t 
that there were still plenty of Android devices (e.g., smartphones) in the wild which did n 
support fragments. What Google figured out is that a compatibility library could be wr. 
to provide comparable implementations of Fragment, etc., that used the existing APls in 
older versions of Android. If an application linked in the compatibility library, it could W°r$g 
with fragments even though the older version of Android didn’t support fragments in the 
The Google engineers then looked at other features and APls in new Android and P1,07'^ 

compatibility library features and APls to match, so that these features could also be us 
in older versions of Android without having to release updates to those older versions o 
Android. In addition to support for Fragments, compatibility libraries provide support for 
Loaders, RenderScript, ActionBar, and others.
The compatibility library doesn’t always make things perfectly the same between old 
new. For example, the new Activity class is aware of fragments. To use the compatibility 
library, you must extend the FragmentActivity class instead of Activity; it is the 
FragmentActivity class that works with fragments in old Android versions.

When you use the compatibility library, you will use those classes for your application 
regardless of which version of Android it will run on. In other words, you would only use , 
FragmentActivity in your application and it will do the right thing in all versions of Andr 
including Android 3.0 and later. You would not try to include in the same application 
both Activity for Android 3.0+ and FragmentActivity for Android below 3.0. When 
FragmentActivity is executing on Android 3.0 and above, it can pretty much cali stra'9 
through to the underlying Activity class. There is no real penalty to using a compatid1'1 y 
library on a recent Android version.

Adding the Library to Your Project
As of this writing, there are four compatibility libraries; together the collection is calledt,ie 
Android Support Library, revision 22.1.1:

■ v4—contains FragmentActivity, Fragment, Loader, and quite a few other 
classes introduced after Android 3.0. The number 4 represents Android 
API version 4 (i.e., Donut 1.6). It means this library can be used for 
applications that run on Android API version 4 and above.

■ v7—makes available the ActionBar, CardView, GridLayout, MediaRouter, 
Palette and RecyclerView classes. This library can be used with Android 
API version 7 (i.e., Eclair 2.1) and above. There are actually six libraries 
here: appeompat, cardview, gridlayout, mediarouter, palette and 
recyclen/iew
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■

v8—adds RenderScipt capability to Android API version 8 (i.e., Froyo
2.2) and above. RenderScript allows for parallelization of work across
device processors (CPU cores, GPUs, DSPs) and was introduced in
Android API version 11 (i.e., Honeycomb 3.0).

v13—adds some special Fragment functionality for things like tabbed and 
pager interfaces. This library also contains many of the classes from v4 
so it can be included in your application without requiring other libraries.

v17—adds Leanback features related to Android TV applications
Forar
r6fer COrnPlete list of all compatibility functionality by version number, please see the 

erices at the end of this chapter.

ang?Wnload the Android Support Library to your Computer, use the Android SDK Manager 
for at the bottom of the list under Extras. If you’re using Android Studio,

inst °ad the Android Support Repository. Otherwise, download Android Support Library 
Libra files wil1 be P|aced under your Android SDK directory. The Android Support 
b6f Can be found in extras/android/support/, and the Android Support Repository can

Und in extras/android/m2repository.
yOu

Libra Can see from the Preceding bullet list, not all features of the Android Support 
andr are avaiiable on all older versions of Android. Therefore you must properly set 
feat ld:minSdkVersion in your AndroidManifest.xml file. If you are using a compatibility library 

refrom v7, android :minSdkVersion should not be lower than 7.

^C,uding the v7 Support Library
$irice cbance y°u’d ever want to 'nclude the v4 library and not the v7 library. 
c|as "e v7 library requires that the v4 library also be included to provide the necessary 
AOt 6$for v7to function properly, you’ll want to include both. If you are using Eclipse, the 
you P u9''n makes all of this pretty easy. When you create a new Android project in Eclipse, 
^nt tbe minimum version of Android that it will run on. If ADT thinks that you might 

he compatibility library included, it will automatically include it.

hOyXampla. you specify a target SDK of 16 (JellyBean 4.1) but a minimum SDK of 8 
libra^ 2’2)> ADT will automatically set up an appcompat v7 library project, include that 
appil pr°ject in your new application, and also include the v4 library as well in your 
Wit^ ation- The resources from the v7 library are therefore available to your application 
^rarj ^ou having to do extra work. However, if you want to use either of the other two v7 
e\pi . s (9ndlayout and/or mediarouter), those will require a little extra work, as will now be 
th6 Co ed’ By creating a library project and including that in your application, it will include

^Patibility library resources that your application will need.

9ppc manually do something similar to what ADT did to automatically include the v7 
library 'nt° y°ur Project. To start, you will choose File > Import, then Existing

On y ld Dode Into Workspace, then navigate to the extras folder where the Android SDK is 
Pig^ r Workstation. Locate the v7 gridlayout or mediarouter folder and choose that. See
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Figurę 12-1. Importing the m7 mediarouter compatibility library

Click Finish and you will get a new library project. If you chose to create a library Pr°ieCeCj to 
v7 mediarouter, you will see that it is missing some functionality so it has errors. You ne 
add in the v7 appcompat library to elear that up. Right-click the mediarouter library 
in Eclipse and choose Properties. In the list on the left choose Android. Now click the 
button in the Library section. See Figurę 12-2.
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?

^oid

, i^p.*

„ , C»PW

Android

Project Build Target

Target F-tóme 
□ Android 2.2 
□ Android 4.4.2 
0 Google APls 
□ Google APls x86

| Vendor
Android Open Source Project 
Android Open Source Project 
Google Inc.
Google Inc.

{ Platform j AP... |
2.2 8
4.4.2 19
4.4.2 19
4.4.2 19

Library
F*7 Is Library

Reference | Project Add...

Remtwe

Restore Ętefaults [ Apply

i
Adding appcompat_v7 to the v7 mediarouter compatibility library

Selekt tk
^ecfj ne aPPcompat_v7 library and click OK. That should elear up the errors in
’^wr0Uter N°w when you want to include mediarouter in your application project, simply 

k sarr,e procedurę but right-click your application project, and when you click the 
button for Library, chose the mediarouter library.

ane^ndr°'^ Studio, adding a v7 compatibility library is just as easy. By default, if you create
9et th Pr°ject with a minimum SDK value less than your target SDK, you will very likely

V7 aPPcompat library added in automatically. You can check this by looking for the 
ln9 linę in the app’s build.gradle configuration file in the dependencies section:

^Pile
c°m.android.support:appeompat-v7:22.0.0'

•he to th6' ł° add one of the other v7 ,ibraries’ y°u wou,d insert another similar compile 
he dePendencies section, but use the appropriate name such as cardview or 

arouter.

lf ^ding the v8 Support Library
sj^ant to use the v8 renderscript compatibility library, and you develop with Eclipse, 

r69ard| add tbe f°llow*ng three lines to the application project’s project.properties file 
ess of the target version of your application:

NrSry.
^ers r'!'Pt:'target=22

bu, support. mode=true
Udt001s=22.1.1
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At the time of this writing, the online Android documentation says that you should use
a target of 18 and a buildtools of 18.1.0. However, using the old values generates an
error saying to use a newer version of buildtools. If you see errors in the Eclipse Console
regarding version numbers, try using a later version as indicated by the error.
If you develop with Android Studio, to include v8 renderscript you would edit the app’s 
build.gradle file and add these lines within the defaultConfig section:
renderscriptTargetApi 22 
renderscriptSupportModeEnabled true
Within your codę, make surę you import from android.support.v8.renderscript rather than 
android.renderscript. If you are modifying an existing RenderScript application for the v 
library, make surę to clean your project; the Java files that are generated from your .rsłl 
need to be regenerated to also use the v8 library. You can now use RenderScript as usu 
and deploy your application to older versions of Android.

Including the v13 Support Library
łhP 

To include the v13 compatibility library into your application using Eclipse, navigate to 
SDK extras directory and find the v13 jar file. Copy this file to the /libs directory of y°ur 
application project. Once the v13 jar file is in place, right-click it to puli up the menu, an v4 
then choose Build Path > Add to Build Path. There’s a good chance you already have 
and v7 appcompat libraries in your application courtesy of ADT. You may choose to get 
of those if you don’t need the functionality from either one. For example, if the minim^01^ 
for your application is v11, you can use the native ActionBar class without the need f°r 
v7 appcompat support library.

The v13 jar file contains many of the same classes as v4, so you don’t want to cause 
problems by having the same classes in twice. If you’re going to have all three libraries 
your application (i.e., v4, v7, and v13), then at least ensure that v13 is ordered before v 
This can be done in the Configure Build Path dialog box.

If you’re using Android Studio, just make surę the SDK Manager has downloaded the 
Support Repository, then add the following compile linę to the app’s build.gradle file ju 
you do for v7 libraries:

compile 'com.android.support:support-vl3:22.0.0'

Including the v17 Support Library
Finally, including the v17 compatibility library is done the same way as for the v13 
support library.

Including Just the v4 Support Library
If you really must have the v4 support library and nonę of the others, you would follo^ 
same procedurę as for the v13 library.
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^trofitting an App with the Android Support Library
Worked better feel for how this al1 works, you’re going to bring back a fragment app you 
support f^ ln Chapter 8 and w'" make it work f°r older versions of Android that don’t natively

LlSS pj|g .
Shakes lrnP°rt, choose General, then Existing Projects into Workspace. Navigate to the 
into uy ^^lH^umented project from Chapter 8 and choose that. Check “Copy projects 

r space” before hitting Finish.
youYpversiOp i 9°in9 *° retrofit this application to work on versions of Android lower than API 

library ■1 f°ii°wing works when you don’t need resources from the compatibility 
’ Slnce it worries only about copying in the JAR file.
1.

2.

3.

4.

5.

Fhght-click your project and choose Android Tools > Add Support 
Library.... Accept the license and click OK.

Now go into MainActivity.java and change the base class 
from Actiyity to FragmentActivity. You need to f ix the 
import linę from android.app.Actiyity to android.support. 
v4.app.FragmentActivity. Also fix the imports for Fragment, 
FragmentManager, and FragmentTransaction to use the ones from 
the support library.

pind the method calls for getFragmentManager() and change 
these to getSupportFragmentManager(). Do this also for 
^tailsActiyity.java.

For DetailsFragment. java, change the import for Fragment to the 
°ne for the support library Fragment (i.e., android.support.v4.app. 
Fragment).

in TitlesFragment. java, change the import for ListFragment to the 
°ne forthe support library ListFragment (i.e., android.support.

Th v4-app. ListFragment).
^IfTWi^ Vers'ons of Android use different animators from old Android. You may need to fix 
out ca|| as in MainActivity. java in the showDetails() method. Pick one of the commented 
relies Qn 0 setCustomAnimations(), then play with the in and out animations. Anything that 
With Ąp| an 0lT)ectAnimator class will not work on older devices sińce this class was introduced 
irT1PlemeV^rSiOn 11 ^e-> Floneycomb 3.0). It will compile but sińce that class has not been 
Wili get gn ed in older Android and has not been included in the compatibility libraries, you 
can c0D runt'rrie exception. In other words, avoid R.animator. Try using R.anim instead. You 
androj .yJnto your project anim resource files that you’d like to use, or you can try referring to 

ia-R-anim files.
yQQ c

%uid go into AndroidManifest.xml and change the minSdkVersion from 11 to 8. That 
We|| yQu e al1 y°u need to do. Try running this application on a Froyo device or emulator. If all went 

nould now be seeing a fragment-based application running on a pre-Android 3.0 OS.
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References
Here are some helpful references to topics you may wish to explore further:

■ : 
The Android Developer’s Guide on the Support Library package.
http://developer.android.com/tools/support-library/index.html

■ . 
html: Android documentation on the main features of each compatibility 
library.

http://developer.android.com/tools/support-library/features

■ : 
Android documentation on setting up a compatibility library for your 
project, for both Eclipse and Android Studio. At the time of this writing, 
these pages were not as current as this chapter. However, things 
change. If you experience trouble, check the online documentation or 
contact the book’s authors.

http://developer.android.com/tools/support-library/setup.html

Summary d
Let’s conclude this chapter by quickly enumerating what you have learned about the Andr 

compatibility libraries:

■ To get your application working on the broadest array of devices, use 
the compatibility libraries and codę to their APls rather than the latest 
and greatest APls.

■ The v7 support libraries come with resources that must be included in 
your application for the APls to work properly.

http://developer.android.com/tools/support-library/index.html
http://developer.android.com/tools/support-library/features
http://developer.android.com/tools/support-library/setup.html


Exploring Packages,
Processes, Threads, and
Handlers

Chapter

platforrn far’ we have focused on the essentials of how to program for the Android 
threac(: ' n tllls chapter we want to go under the hood a bit to address the process and 
sharjna h moclel for Android programs. This discussion will lead us to signing packages, 
c°Tipo detween packages, using compile-time libraries, the naturę of Android 
Coqe hap^S and they use threads, and finally the need for handlers and how one can 

As yOu
^orneti^0 through this chapter, keep in mind that the word “package” is overloaded.
that Ąnri es reters to the Java language package, and sometimes it refers to the APK files 

roid applications are deployed as.

w aerstanding Packages and Processes
9PpiiCatStart Android packages and the process model. When you develop an
the de^i °n 'n Android, you end up with an .apk file. You sign this .apk file and deploy it to 

Ce' Each.apk file is uniquely identified by a unique java-language-style package 
s shown in the manifest file shown in Listing 13-1.

• Providing a Package Name in the Manifest File
p ,Xmlns:android="http://schemas.android.com/apk/res/android" 

Kage="com.androidbook.testapp"

^nifeśt^ xn,l n°des

247
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If you were the developer of this package, no one other than you could update this 
application once it is deployed. The Android application package name is reserved for y° 
This tie-up happens when you sign and register your app with various app publishers. 50 
choose this Android application package name very similar to the way that Java packaj 
are named. This needs to be unigue in the world. Once you publish the app, you cannot 
change this package name, as this defines your application’s identity.
Android uses the package name as the name of the process that runs the components of^ 
this package. Android also allocates a unique user ID for this process to run under. This 
ID is essentially the user ID for the underlying Linux OS. As this user ID is determined at $ 
time of the install on a particular device, it will be different on each device where your apP 
installed. You can discover this information by looking at the details of the installed PacK 
through the developer tools in the Android Emulator. For example, a package detail sct^ 
for the installed browser application looks like Figurę 13-1. (Please notę that this imag6 
tool where you look this up may vary from release to release. The image in Figurę 13-1 |S 
taken from the developer tools application on the Android Emulator.)

3:46 am

Package Summary

com.ai.android.salbcr

(No Application Class)
"Standalone Broadcast Receiver"

Process
com.ai.android.salbcr

Res 
tart

User ID
10038
Task Affinity
"com.ai.android.salbcr"
Version
1 .0.0 (#1)
Source
/data/app/com.ai.android.salbcr-2.apk 
Data
/data/data/com.ai.android.salbcr

Receivers

StandaloneRecelver

Figurę 13-1. Android package details
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^"'9 Lir© i q "i
rrianife t ■ sllows the name ofthe process as indicated by the Java package name in the 
this orS f'le and the uniclue user ,D allocated to this package. Any resources created by 
cOrnD Cess or Package will be secured under that Linux user ID. This screen also lists the 
brOad ents inside this package. Examples of components are activities, sen/ices, and 
ThrOlJ hSt receivers. Do notę that this image may vary depending on the Android release. 
that it settings of the device or the emulator, you can also uninstall the package so 

can be removed.

signat a Pr°cess is tied to a package name, and a package name is tied to its signature, 
signed es a role in securing the data belonging to a package. A package is typically 
Wh0 the^^ a self'signed PKI (Public Key Infrastructure) certificate. A certificate identifies 
authorit au^Or °f the package is. These certificates need not be issued by a certificate 
authorj/' Th'S means the information in the certificate is not approved or validated by any 
only 'his means one can create a certificate that says that their name is Google. The 
the malUranCe 's ^at łhis Package name is reserved to that user if no one had claimed it in 
User oh ethlace before, and any subsequent updates to that package are given only to that 
Ą|| dentif'ed by that certificate).

is assia*2 that are installed or created through this package belong to the user whose ID 
that de ned t0 th® Package. If your intention is to allow a set of cooperating applications 
that is Pend °n a common set of data, you have an option to explicitly specify a user ID 
Tanifeg?^610 ^ou and common for your needs. This shared user ID is also defined in the 

lle, similar to the definition of a package name. Listing 13-2 shows an example.

'Stln913-2. Shared User ID Declaration 
v ,

, mins:android="http://schemas.android.com/apk/res/android"
. C a®e= com-androidbook.somepackage" 
aredllserld="com. androidbook. mysharedusrid"

V^anifest> °f the Xml n°deS

(sigo^ can specify the same shared user ID if they share the same signature

to share d " Same pKI certificate). Having a shared user ID allows multiple applications 
ID, Use a ata and eVen run in the same Pr°cess. To avoid the duplication of a shared user 
IDs fni .^.jCo^c^tion similar to naming a Java class. Here are some examples of shared userf0“ndin the Android system:

"a^°id'Uid system"
ndr°id.uid.phone"

A shared ID must be specified as a raw string and not a string resource.

http://schemas.android.com/apk/res/android


will not run chown on the old resources because of the user ID change.

A Codę Pattern for Sharing Data
This section explores the opportunities when two applications want to share resources 
and data through the use of a shared user ID. The resources and data of each package 
owned and protected by that package’s context during runtime. You need access to the
context of the package from which you want to share the resources or data.

your 
13-3You can use the createPackageContext() API on any existing context object (such as 

activity) to get a reference to the target context that you want to interact with. Listing 
provides an example.

Listing 13-3. Using the createPackageContext() API
//Use the appropriate try/catch to detect errors 
//Identify package you want to use
String targetPackageName="com.androidbook.samplepackagel";

//Decide on an appropriate context flag 
int flag=Context.CONTEXT_RESTRICTED;

//Get the target context through one of your activities
//Need to catch NameNotFoundException
Activity myContext = ......... ;
Context targetContext = 

myContext.createPackageContext(targetPackageName, flag);

//Use context to resolve file paths
Resources res = targetContext.getResources();
File path = targetContext.getFilesDir();

Notice how we are able to get a reference to the context of a given package name such 
as com.androidbook.samplepackagel. This targetContext 
context that is passed to the target application when that 
name of the method indicates (in its “create” prefix), each can returns a new 
However, the documentation assures us that this returned context object is designed & 
lightweight, meaning it doesn’t consume a lot of memory and is optimized to refer the 
package’s resources, assets, and codę.
This API is applicable regardless of whether both contexts share a user ID. If you shar® j to 
user ID, it is well and good. If you don’t share a user ID, the target application would n 
declare its resources accessible to outside users.
The CONTEXT_RESTRICTED flag indicates that you are interested in just loading the ^^ayoiJt5 
and the assets and not the codę. So using this flag allows the system to detect if the 
contain references to callback codę. Example of a callback would be a button in a _ xt. 
referring to a method that would be called. This callback codę exists in the source co

in Listing 13-3 is identical 
application is launched. As t
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Or ’ you would want the system to throw an exception so that you can detect that condition 
the n°re that Particular XML. tag. In essence, you are telling the system that you are using 
basC°ntext in a restricted sense and the target context is free to make suitable assumptions 

On that flag. The bottom linę appears to be that if you are interested in not using the 
e Tom the target context, use this flag.

I^^^INCLUDE^ODE allows you to load Java classes at runtime from the target context 
ss y°Ur Process and cali that code. Documentation indicates that you may receive a 
circu excePtion if it is not safe to load the code. However, it is not elear under what 
dog^81311063 the code is considered unsafe. One educated guess is that the target context 
rSs..not have a shared user ID as that of the source context. You can overcome this 
Code^'00 by also specifying the CONTEXT_IGNOR_SECURITY along with the CONTEXT_INCLUDE_ 
allinese two flags together load the target context code into the source context code 
bQrr e tirne> ignoring even if the target context belongs to a different user. Although code is 
data ^ed and runs in the client process, it will not have permissions to the target context 
USgd S°’ be surę what that code does when let loose on your data. This approach is often

Or utility code that can be shared.

^derstanding Library Projects

a "li^6 tal^ through sharing code and resources, one guestion worth asking is, will the idea of 
Hbra rary” Project help? Starting with ADT 0.9.7 Eclipse plug-in, Android supports the idea of 
th6g Projects. The approach to building libraries has been changing a bit sińce then, while 

ntral idea remains in all recent releases.
Aiibrar.
broje t Project is a collection of Java code and resources that looks like a regular Android 
brojg : ^t never ends up in an .apk file by itself. Instead, the code and resources of a library 
Ą$ 11^ ‘ become part of another project and get compiled into that main project’s .apk file.
^ere^J68 are Pure|y a compile-time concept, each development tool may craft this facility 
K?

some additional facts about these library projects:

A library project can have its own package name distinct from the main 
application.

A library project can use other JAR files.

Eclipse ADT will compile the library Java source files into a JAR file that 
is then compiled with the application project.

Except for the Java files (which become a jar file), the rest of the 
files belonging to a library project (such as resources) are kept with 
the library project. The presence of the library project is reguired in 
order to compile the application project that includes that library as a 
dependency.

Starting with SDK Tools 15.0, the resource IDs generated for library 
Projects in their respective R.java files are not finał. (This is explained 
later in the chapter.)
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■ Both the library project and the main project can access the resources 
from the library project through their respective R.java files. This means 
the ID names are duplicated and available in both R.java files.

■ If you would like to distinguish resource IDs between the two projects 
(library and main), you can use different resource prefixes, such as lib_ 
for the library project resources.

■ A main project can reference any number of library projects.

■ Components, such as an activity, of a library need to be defined in the 
target main project manifest file. When this is done, the component 
name from the library package must be fully qualified with the library 
package name.

■ It is not necessary to define the components in a library manifest file, 
although it may be a good practice to know ąuickly what components it 
supports.

■ Creating a library project starts with creating a regular Android project 
and then choosing the Is Library flag in its properties window.

■ You can set the dependent library projects for a main project through the 
project properties screen as well.

■ Clearly, being a library project, any number of main projects can include 
a library project.

■ One library project cannot reference another library project as of the 
releases (Android 4.4, API 19, SDK Tools 19, ADT 22.3), although there 
seems to be a desire to be able to do so in futurę releases. *

To create a library project, you start by creating a regular Android project. Once the 
is set up, right-click the project name and click the properties context menu to show 
properties dialog for the library project. This dialog is shown in Figurę 13-2. (The avail (g 
build targets in this figurę may vary with your version of the Android SDK.) Simply sele 
Library from this dialog to set up this project as a library project.
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* Pr<

We jo, n .” <■ Designating a project as a library project
^0l| Can

DrOj n Use the following project properties dialog (see Figure 13-3) to indicate that a main 
depends on the library project that was created earlier.
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Figurę 13-3. Declaring a library project dependency
g

Notice the Add button in the dialog. You can use this to add the library in Figurę 13-3 as 
reference. You don’t need to do anything else.

Once the library project is set up as a dependency for the main application project, the 
library project appears as a compiled JAR file in the application project under the node
Android Dependencies.
Android doesn’t package R.class files from the libraries in their respective jar files.Inste^ 

relies on the source R. java file that is re-created and madę available in the main app|ica jn 
project for each of the libraries. That means you have an R.java file for each of the librafl 
the gen subdirectory of the main project.
To avoid hard-coded constants being in the compiled source codę of the libraries, And^0 
creates the library R.java files such that all the constants in that file are non-final. During 
the finał compilation of the main project, new constant values are allocated so that these 
constant values are unique across all the libraries and the main project. Had we given f 
constant values during library compilation, then those numbers could collide between 
libraries. Allocation of IDs uniquely for a given set of names must be done one time. OnC 
these numbers are allocated to the IDs during the compile of the main project, they can 
become finał in that main project.
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commQ an irnPl'cation tied to the fact that IDs in the library’s R.java file are not finał. It is 
This lan^ t0 USe a statement to respond to menu items based on a menu item ID. 
are not nUa$e construct will fail at compile time when done in the library codę if the IDs 
conct-, ^na ■ This is because the case statement in a switch clause has to be a numerical 

tant number.

item nSWltcb statement in Listing 13-4 will not compile unless the IDs (such as R.id.menu_ 
~ are actual literał numbers or static finals.

listing 12 j _

• t>ampleswitch Statement to Demonstrate Non-Final Variables
^case^^^^^^^temldO) {

*-id.menu_item_i:
statementi■

case bleak;
2x7778888: // as an example for R.id.menu item 2: 

statement;
statement•

a . break;
default:

statement;
} statement;

^terne^t^6 are def'ned as non-final for library projects, we are forced to use if/else 
the librarv^ lns!ead of switch/case clauses. Because the same constants re-created from 

ys R. java files are finał, you can use freely the switch clause in your finał project.
you canbelong t0 thSe^’library Pr°jects are compile-time constructs. Clearly, any resources that 

sharing at he library 9et absorbed and merged into the main project. There is not a question of 
•n short rhUH-'1116’ because there is just one package file with the name of the main package. 

raries offer a way to share resources between related projects at compile time.

We^erstandin9 Components and Threads
6xPlain the ^'S cbaPter establishing that each package runs in its own process. We will now 
to °ffload th°r9an'2ation of threads within this process. This will lead us to why we need handlers 

Work from the main thread and also to communicate with the main thread.
^°st codę in
°r a s®rviceMn ^ndroid aPPlication runs in the context of a component such as an activity 
the Tiain th M°st of *he time, there is only one thread running in an Android process, called 
v9rious co W'H talk about the implications of sharing this main thread among 
(the “Ą” s. P°n6nts. Primarily, this can lead to Application Not Responding (ANR) messages 
^hdlers niS ^Or "aPPHcation” and not “annoying”). We will show you how you can use 
lon9-runńin eSSa9es’ and threads to break the dependency on the main thread when 
An a 9 °Perations are needed.

Android o
ahd a Broari r°Cess has four primary component types: Activity, Sen/ice, ContentProvider, 
these como Cas^ece'ver- Most codę you write in an Android application is part of one of 

nents or called by one of these components. Each of these components gets 



256 CHAPTER 13: Exploring Packages, Processes, Threads, and Handlers

its own XML node under an application node specification in the Android project manifest 
file. To recall, here are these nodes in Listing 13-5:

Listing 13-5. How Components Are Declared in the Manifest File

cmani-fest.. .>
<application>

<activity/>
<service/>
<receiver/>
<provider/>

</application>
</manifest>

With some exceptions (such as external process calls to content providers), Android uses 
the same thread to process (or run through) code in these components. This thread is called 
the main thread of the application. When these components are called, the cali can be either 
a synchronous cali, such as when you cali a content provider for data, or a deferred one 
through a message queue, such as when you invoke functionality by calling a start sen/ice or 
show a dialog.

Figure 13-4 describes the relationship between threads and these four components. This 
diagram shows how threads weave through the Android framework and its components. 
The diagram does not indicate the order in which a thread might weave through the various 
components. The diagram is merely showing that the Processing continues from one 
component to another in a seguential fashion.

Figure 13-4. Android components and threading framework
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As indicated in Figurę 13-4, the main thread does the heavy lifting. It runs through all the 
c°mponents by using a message queue. As you select menus or buttons on the device 
screen, the device will translate these actions as messages and drop them onto the main 
Pueue of the process that is in focus. The main thread sits in a loop and processes each 
message. If any message takes more than five seconds or so, Android throws an ANR 
message.
Similarly, in response to a menu item, if you were to invoke a broadcast message, Android 
again drops a message on the main queue of the package process from which the registered 
receiver is to be invoked. The main thread will come around to that message at a later time 
to invoke the receiver. The main thread does the work for a broadcast receiver as well. If the 
main thread is busy responding to a menu action, the broadcast receiver will have to wait 
Until the main thread gets freed up.
The same is true with a sen/ice. When you start a local sen/ice with Activity.startService 
from a menu item, a message is dropped onto the main queue, and the main thread will 
come around to process it via the sen/ice codę.
Calls to a local content provider are slightly different. A content provider still runs on the 
main thread for a local cali, but a cali to it is synchronous and does not use message 
Adeues.

may ask, “Why is it important whether most codę in an Android application runs on the 
main thread or otherwise?” This is important because the main thread has the responsibility 
to get back to its queue so that Ul events are responded to. As a consequence, you should 
n°t hołd up the main thread. If there is something that is going to take longer than five 
seconds, you should get that done in a separate thread or defer it by asking the main thread 
0 come back to it when it is freed up from other processing.
^en external clients or components outside of the process make a cali to the content 
Provider for data, then that cali is allocated a thread from a thread pool. The same is true 
W|th external clients connecting to sen/ices.
Lefs look at what handlers are and how they function in the next section.

Understanding Handlers
We have briefly referred to the idea of deferring work on a main thread if needed. This is 
h°ne through handlers. Handlers are extensively used throughout Android so that the main 
U| thread is not held up. They also play a role in communicating with the main thread from 
°ther spawned worker threads.

A handler is a mechanism to drop a message on the main queue (more precisely, the queue 
attached to the thread on which the handler is instantiated) so that the message can be 
Processed at a later point in time by that circulating thread. The message that is dropped 
as an internal reference pointing to the handler that dropped it.

When the main thread gets around to processing that message, it invokes the handler 
aat dropped the message through a callback method on the handler object. This callback 
a^thod is called handleMessage. Figurę 13-5 presents this relationship between handlers, 
^ossages, and the main thread.
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Figure 13-5. Handler, message, message gueue relationship

Figure 13-5 illustrates the key players that work together when we talk about handlers: main 
thread, main thread queue, handler, and a message. Out of these four, we are not exposed 
to the main thread or the queue directly. We primarily deal with the handler object and the 
message object. Even between these two, the handler object coordinates most of the work.

Although a handler allows us to drop a message onto the queue, it is the message object 
that actually holds a reference back to the handler. The message object also holds a data 
structure that can be passed back to the handler.

Working with a handler and messages is best understood through an example. For the 
example, we will have a menu item that invokes a function, and that function, in turn, 
performs an action five times at one-second intervals and reports back to the invoking 
activity each time.

If we didn’t mind holding up the main thread, we could have coded this scenario like the 
pseudo code in Listing 13-6.
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Listing 13-6. Holding Up the Main Thread with a Sleep Method
Public class SomeActivity {

....other methods
void respondToMenuItem() {

//Prove that we are on the main thread
Utils.logThreadSignature();
//simulate an operation that takes longer than 5 seconds
for (int i=0;i<6;i++) {

sleepFor(lOOO);// put main thread to sleep for 1 sec
dosomething();
SomeTextView.setText("did something. Counter:" + Integer.toString(i)); 

}

This will satisfy the requirement of the use case. However, if we do this, we are holding up 
the main thread, and we are guaranteed to have an ANR. We can use a handler to avoid the 
ANR in the previous example. Pseudo code to do this via a handler will look like Listing 13-7.

listing 13-7. Instantiating a Handler from the Main Thread
v°id respondToMenuItem(){

SomeHandlerDerivedFromHandler myHandler =
new SomeHandlerDerivedFromHandler();

myHandler.doDeferredWork(); //invoke a function in 1 sec intervals
//notę that doDeferredWork() is not part of the SDK
//we will show you the code for this shortly

Now, the cali respondToMenuItem() will allow the main thread to go back to its loop. The 
'nstantiated handler knows that it is invoked on the main thread and hooks itself up to the 
Aueue. The method doDeferredWork() will schedule work so that the main thread can get 
back to this work once it is free.

To investigate this protocol, let’s see the actual source code for a proper handler. The 
c°de in Listing 13-8 in the next section demonstrates this handler, which is called 
DeferWorkHandler. In the previous pseudo code of Listing 13-7, the indicated handler 
s°meHandlerDerivedFromHandler is equivalent to this DeferWorkHandler. Similarly, 
^e indicated method doDeferredWork() (of Listing 13-7) is implemented on the 
DeferWorkHandler in Listing 13-8.

Listing 13-8. DeferWorkHandler Source Code

Public class DeferWorkHandler extends Handler {
//Keep track of how many times we sent the message 
private int count = 0;

//A parent driver activity we can use to inform of status. 
private TestHandlersDriverActivity parentActivity = nuli;
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//During construction we take in the parent driver activity.
public DeferWorkHandler(TestHandlersDriverActivity inParentActivity){ 

parentActivity = inParentActivity;
}
//Callback method that gets called by the main thread
@0verride
public void handleMessage(Message msg) {

//Use the message object to get to its data
String pm = new String("message called:" + count + +

msg.getData().getString("message"));
//you can access the parent activity and invoke UI calls on it here 
parentActivity.someControl.somemethod(); //example only

//logie to invoke itself multiple times if needed 
if (count >5) {

return;
}
count++; //inerement count
sendTestMessage(l); //reinvoke again by sending a message

}
//method called by the client
public void doDeferredWork() {

count = 0;
sendTestMessage(l);

}
//Preparing and sending the message
public void sendTestMessage(long interval) {

Message m = this.obtainMessage();
prepareMessage(m);
this.sendMessageDelayed(m, interval * 1000);

}
public void prepareMessage(Message m) {

Bundle b = new Bundle();
b.putString("message", "Hello World");
m.setData(b); 
return ;

} 
}

Let’s look at the key aspects of this source codę. The first is that the handler is derived from 
the base class handler. In the constructor of the handler, we use a pointer to the parent 
activity so that we can use the Ul Controls of the activity to report what needs to be reporte 
or to act upon. Then we codę a method (doDeferredWork) to encapsulate what this handler 
is expected to do for us. Notice that the doDeferredWork() is not an overridden method 
and you can cali this method whatever name that you would like. It is in this method that 
you work with messages to eventually cali the overridden handleMessage(). Also, it is in this 
handleMessage() that you actually put the real codę that is originally deferred from the main 
thread.

The base handler offers a series of methods to send messages to the queue to be 
responded to later. These methods are used in the doDeferredWork(). sendMessage() and 
sendMessageDelayed() are two examples of these send methods. sendMessageDelayed(), 
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which we used in the example, allows us to drop a message on the main queue with a given 
amount of time delay. sendMessage(), in contrast, drops the message immediately to be 
processed when the main thread gets around to it.

When you cali sendMessage() or sendMessageDelayed(), you will need an instance of the 
message object. It is best that you ask the handler to give it to you, because when the 
handler returns the message object, it hides itself in the belly of the message. That way, when 
the main thread comes along, it knows which handler to cali based solely on the message. 
in Listing 13-8, the message is obtained using the following codę:

Message m = this.obtainMessage();

The variable this refers to is the handler object instance. As the name indicates, the method 
does not create a new message but instead gets one from a global message pool. At a later 
Point, once this message is processed, it will be recycled. The method obtainMessage() has 
the variations shown in Listing 13-9.

Listing 13-9. Constructing a Message Through a Handler
°btainMessage();
°btainMessage(int what);
°btainMessage(int what, Object object);
°btainMessage(int what, int argl, int arg2)
°btainMessage(int what, int argl, int arg2, Object object);

Each method variation sets the corresponding fields on the message object. There are some 
r®strictions on the object argument when the message crosses process boundaries. In such 
cases, it needs to be Parcelable. It is much safer and compatible in such cases to use the 
setData() method explicitly on the message object, which takes a Bundle. In Listing 13-8, 
We have used setData(). You are encouraged to use argl or arg2 instead if what you are 
'ntending to pass are simple indicators that can be accommodated with integer values.
The argument what (in Listing 13-9) allows you to dequeue message or enquire if there are 
messages of this type in the queue. See the operations on the handler class for more details.
Once we obtain a message from the handler, we can optionally modify the data contents 

that message. In our example, we have used the setData() function by passing it a
Bundle object. After we have categorized or identified the data of the message, we can send 
the message to the queue through sendMessage() or sendMessageDelayed(). When these 
methods are called, the main thread will return to attending the queue.
°nce the messages are delivered to the queue, the handler sits and waits (figuratively 
sPeaking) until the main thread retrieves those messages and calls the handler’s 
handleMessage().

If you want to see this handler and main thread interaction more clearly, you can write a 
lo9cat message when you are sending the message and in the handleMessage() callback. 
Tou will notice the time stamps differ as the main thread would have taken a few more 
milliseconds to come back to the handleMessage() method.
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In our example, each handleMessage(), after processing one message, sends another 
message to the queue so that it can be called again. It does this five times, and when the 
counter reaches five, it quits sending messages to the queue. This is one way to break up 
the work into multiple chunks, although there are better ways to do this either through a 
worker thread or through a class AsyncTask. The essential AsyncTask is covered in the next 
chapter. Let’s cover the explicit worker threads option briefly now.

Using Worker Threads
When we use a handler like the one in the previous section, the codę is still executed on 
the main thread. Each cali to handleMessage() still should return within the time stipulations 
of the main thread (in other words, each message invocation should complete in less than 
five seconds to avoid Application Not Responding). If your goal is to extend that time of 
execution further, you will need to start a separate thread, keep the thread running until it 
finishes the work, and allow for that subthread to report back to the main activity, which is 
running on the main thread. This type of a subthread is often called a worker thread.

It is a no-brainer to start a separate thread while responding to a menu item. However, the 
clever trick is to allow the worker thread to post a message to the queue of the main thread 
that something is happening and that the main thread should look at it when it gets to that 
message. It is also an error to cali Ul methods on a non-UI thread. So, you will need this 
handler that is tied to the main thread to cali Ul methods from a worker thread.

A reasonable solution that involves a worker thread is as follows:

1. Create a handler in the main thread while responding to the menu 
item. Keep it aside.

2. Create a separate thread (a worker thread) that does the actual work. 
Pass the handler from step 1 to the worker thread. This handler 
allows the worker thread to communicate with the main thread.

3. The worker thread codę can now do the actual work for longer than 
five seconds and, while doing it, can cali the handler to send status 
messages to communicate with the main thread.

4. These status messages now get processed by the main thread, 
because the handler belonged to the main thread. The main thread 
can process these messages while the worker thread is doing its 
work.

You can see the sample codę for this interaction in the downloadable project for this 
chapter. An alternate and probably more straightforward way to communicate with the 
Ul thread from a worker thread is to get hołd of the activity pointer and cali the method 
Activity.runOnUiThread(Runnable action). Of course you need to create a Runnable 
object for coordination.
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Summary
This chapter gave you a quick run-down on how packages, processes, components, and 
threads interact in an Android application. This chapter has also documented the library 
support for sharing assets between multiple applications. This chapter also has introduced 
handlers, a key concept in the Android SDK. In the next chapter, we will give detailed 
coverage of AsyncTask, which combines the worker threads and handlers into a simpler 
programming abstraction to use.



Chapter

Building and Consuming
Sen/ices
The Android platform provides a complete software stack. This means you get an operating 
system and middleware, as well as working applications (such as a phone dialer). Alongside 
al1 of this, you have an SDK that you can use to write applications for the platform. Thus far, 
we’ve seen that we can build applications that directly interact with the user through a user 
'hterface. We have not, however, discussed background sen/ices or the possibilities of building 
c°mponents that run in the background.
In this chapter, we are going to focus on building and consuming sen/ices in Android. 
First we’ll discuss consuming HTTP sen/ices, and then we’ll cover a nice way to do 
S|mple background tasks, and finally we’ll discuss interprocess communication—that is, 
communication between applications on the same device.

Consuming HTTP Sen/ices
^hdroid applications and mobile applications in generał are smali apps with a lot of 
flJnctionality. One of the ways that mobile apps deliver such rich functionality on such a 
small device is that they puli information from various sources. For example, most Android 
smartphones come with the Maps application, which provides sophisticated mapping 
Pnctionality. We, however, know that the application is integrated with the Google Maps API 

other sen/ices, which provide most of the sophistication.
T^at said, it is likely that the applications you write will also leverage information from other 
aPplications and APls. A common integration strategy is to use HTTP. For example, you might 
have a Java servlet available on the Internet that provides sen/ices you want to leverage from 
Che of your Android applications. How do you do that with Android? Interestingly, the Android 
^K ships with a variation of Apache’s HttpCIient (http://hc.apache.org/httpcomponents- 
client-ga/), which is universally used. The Android version has been modified for Android, 

ut the APls are very similar to the APls in the Apache version.

265

http://hc.apache.org/httpcomponents-client-ga/


266 CHAPTER 14: Building and Consuming Seryices

The Apache HttpClient is a comprehensive HTTP Client. It offers fuli support for the HTTP 
protocol. In this section, we will discuss using the HttpClient to make HTTP GET and HTTP 
POST calls. If you are working with RESTful sen/ices, you would probably use the other 
HTTP operations as well (PUT, DELETE, etc.).

Using the HttpClient for HTTP GET Requests
Here’s one of the generał patterns for using the HttpClient:

1. Create an HttpClient (or get an existing reference).

2. Instantiate a new HTTP method, such as PostMethod or GetMethod.

3. Set HTTP parameter names/values.

4. Execute the HTTP cali using the HttpClient.

5. Process the HTTP response.

Listing 14-1 shows how to execute an HTTP GET using the HttpClient.

Notę We give you a URL at the end of the chapter that you can use to download projects from 
this chapter. This will allow you to import these projects into your IDE directly. Also, because the 
codę attempts to use the Internet, you will need to add android.permission.INTERNET to your 
manifest file when making HTTP calls using HttpClient.

Also notę that in the following examples, all web services calls should be put into background 
threads so as not to błock the main Ul thread. See later in this chapter, as well as Chapter 15, for an 
excellent deep-dive on how to do that. For the purposes of this chapter, those details are excluded 
to help with understanding seryices.

Listing 14-1. UsingHttpClient andHttpCet:HttpGetDemo.java
public class HttpGetDemo extends Actiyity {

/** Called when the actiyity is first created. */ 
@Override
public void onCreate(Bundle sayedlnstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

BufferedReader in = nuli; 
try {

HttpClient client = new DefaultHttpClient();
HttpGet request = new HttpGet("http://code.google.com/android/");
HttpResponse response = client.execute(request);

http://code.google.com/android/
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in = new BufferedReader(
new InputStreamReader(

response.getEntity().getContent()));

StringBuffer sb = new StringBuffer("");
String linę =
String NL = System.getProperty("line.separator");
while ((linę = in.readLine()) != nuli) { 

sb.append(line + NL);
}
in.close();

String page = sb.toString();
System.out.println(page);

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

} finally {
if (in != nuli) {

try { 
in.close();

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

}

HttpClient is able to consume the various HTTP request types, such as HttpGet, 
^tpPost, and so on. Listing 14-1 uses the HttpClient to get the contents of the 
^tp://Code.google.com/android/ URL. The actual HTTP request is executed with the cali 
to client.execute(). After executing the request, the code reads the entire response into a 
string object. Notę that the BufferedReader is closed in the finally błock, which also closes 

underlying HTTP connection.
F°r our example we embedded the HTTP logie inside of an activity, but we don’t need to be 
within the context of an activity to use HttpClient. You can use it from within the context of 

Android component or use it as part of a stand-alone class. In fact, you shouldn’t use 
^PCIient directly within an activity, because a web cali could take a while to complete and 
c^se an Application Not Responding (ANR) pop-up. We’ll cover that topie later in this chapter. 
or now we’re going to cheat a little so we can focus on how to make HttpClient calls.

code in Listing 14-1 executes an HTTP request without passing any HTTP parameters 
0 the server. You can pass name/value parameters as part of the request by appending 

narne/value pairs to the URL, as shown in Listing 14-2.

L'sting 14-2. Adding Parameters to an HTTP GETRequest
^tpGet request =

new HttpGet("http://somehost/Upload.aspx?one=valuel&two=value2"); 
^ent. execute(request);

tp://Code.google.com/android/
http://somehost/Upload.aspx?one=valuel&two=value2
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When you execute an HTTP GET, the parameters (names and values) of the request are
passed as part of the URL. Passing parameters this way has some limitations. Namely, the
length of a URL should be kept below 2,048 characters. If you have more than this amount
of data to submit, you should use HTTP POST instead. The POST method is more flexible
and passes parameters as part of the reguest body.

Using the HttpCIient for HTTP POST Requests
(a Multipart Example)
Making an HTTP POST cali is very similar to making an HTTP GET cali (see Listing 14-3).
This example is called SimpleHTTPPost.

Listing 14-3. Making an HTTP POST Request with the HttpCIient
HttpCIient client = new DefaultHttpClient();
HttpPost request = new HttpPost(

"http://www.androidbook.com/akc/display");
List<NameValuePair> postParameters = new ArrayList<NameValuePair>();
postParameters.add(new BasicNameValuePair("url", "DisplayNoteIMPURL"));
postParameters.add(new BasicNameValuePair(''reportId", "4788"));
postParameters.add(new BasicNameValuePair("ownerUserId", "android"));
postParameters.add(new BasicNameValuePair("aspire_output_format", "embedded-xml"));
UrlEncodedFormEntity formEntity = new UrlEncodedFormEntity(

postParameters);
request.setEntity(formEntity);
HttpResponse response = client.execute(request);

The codę in Listing 14-3 would replace the three lines in Listing 14-1 where the HttpGet 
is used. Everything else could stay the same. To make an HTTP POST cali with the 
HttpCIient, you have to cali the execute() method of the HttpCIient with an instance of 
HttpPost. When making HTTP POST calls, you generally pass URL-encoded name/value 
form parameters as part of the HTTP request. To do this with the HttpCIient, you have to 
create a list that contains instances of NameValuePair objects and then wrap that list with a 
UrlEncodedFormEntity object. The NameValuePair wraps a name/value combination, and the 
UrlEncodedFormEntity class knows how to encode a list of NameValuePair objects suitable 
for HTTP calls (generally POST calls). After you create a UrlEncodedFormEntity, you can set 
the entity type of the HttpPost to the UrlEncodedFormEntity and then execute the request.

In Listing 14-3, we created an HttpCIient and then instantiated the HttpPost with the URL 
of the HTTP endpoint. Next, we created a list of NameValuePair objects and populated it with 
several name/value parameters. We then created a UrlEncodedFormEntity instance, passing 
the list of NameValuePair objects to its constructor. Finally, we called the setEntity() 
method of the POST request and then executed the request using the HttpCIient instance-

HTTP POST is actually much more powerful than this. With an HTTP POST, we can pass 
simple name/value parameters, as shown in Listing 14-3, as well as complex parameters 
such as files. HTTP POST supports another request-body format known as a multipart 
POST. With this type of POST, you can send name/value parameters as before, along with 
arbitrary files. Unfortunately, the version of HttpCIient shipped with Android does not 

http://www.androidbook.com/akc/display
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directly support multipart POST. To achieve this goal in the past, we’ve recommended that 
you grab three other libraries: Apache Commons 10, Mime4j, and HttpMime.
Now we recommend that you download the lon library, which has two dependencies.
All three jar files can be found at these two sites:

■  (ion and androidasync)https://github.eom/koush/ion#jars
■  (gson)https://code.google.eom/p/google-gson/downloads/list

Listing 14-4 demonstrates a multipart POST using Android. This example is called 
MultipartHTTPPost.

listing 14-4. Making a Multipart POST Cali
Public class TestMultipartPost extends Activity {

I ** Called when the activity is first created. *1 
@Override
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

try {
łon.with(this, "http://www.androidbook.com/akc/update/PublicUploadTest") 
.setMultipartParameter("fieldl", "This is field number 1")
.setMultipartParameter("field2", "Field 2 is shorter")
.setMultipartFile("datafile",

new File(Environment.getExternalStorageDirectory()+"/testfile.txt"))
.asString()
.setCallback(new FutureCallback<String>() {

@Override
public void onCompleted(Exception e, String result) { 

System.out.println(result);
}});

} catch(Exception e) {
II Do something about exceptions
System.out.println("Got exception: " + e);

Notę The multipart example uses several .jar files that are not included as part of the Android 
runtime. To ensure that the .jar files will be packaged as part of your .apk file, you need to 
add them as external .jar files in Eclipse. To do this, right-click your project in Eclipse, select 
Properties, choose Java Build Path, select the Libraries tab, and then select Add External JARs.

Following these steps will make the .jar files available during compile time as well as runtime.

https://github.eom/koush/ion%2523jars
https://code.google.eom/p/google-gson/downloads/list
http://www.androidbook.com/akc/update/PublicUploadTest
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To execute a multipart POST using the lon library, you simply put together the appropriate 
calls to build a URL, add parameters, define the return type, and set up a callback method. 
This will run asynchronously and the callback will be invoked on the Ul thread once a 
response is received from the web server. In the example, the result string is written to 
LogCat. Your application is probably going to receive back a JsonObject which the callback 
would then process. But realize that the response from the web server has already been 
converted into a JsonObject for you, making the Processing in the callback that much easier. 
Listing 14-4 adds three parts to the request: two string parts and a text file. To run this 
example yourself you will need to put a testfile.txt file onto the external storage area of your 
device or emulator.

Finally, if you are building an application that requires you to pass a multipart POST to 
a web resource, you’11 likely have to debug the solution using a dummy implementation 
of the sen/ice on your local Workstation. When you’re running applications on your local 
Workstation, normally you can access the local machinę by using localhost or IP address 
127.0.0.1. With Android applications, however, you will not be able to use localhost 
(or 127.0.0.1) because the device or emulator will be its own localhost. You don’t want to 
point this client to a sen/ice on the Android device; you want to point to your Workstation. 
To refer to your development Workstation from the application running in the device or 
emulator, you’ll have to use your workstation’s IP address in the URL.

SOAP, JSON, and XML Parsers
What about SOAP? There are lots of SOAP-based web sen/ices on the Internet, but to datę, 
Google has not provided direct support in Android for calling SOAP web sen/ices. Google 
instead prefers REST-like web sen/ices, seemingly to reduce the amount of computing 
required on the client device. However, the tradeoff is that the developer must do morę work 
to send data and to parse the returned data. Ideally, you will have some options for how y°u 
can interact with your web sen/ices. Some developers have used the kSOAP2 developer kit 
to build SOAP clients for Android. We won’t be covering that approach, but ifs out there if 
you’re interested.

Notę TheoriginalkS0AP2sourceislocatedhere:http://ksoap2.sourceforge.net/.The 
open source community has (thankfully!) contributed a version of kS0AP2 for Android, and you can 
find out morę about it here: http://code.google.eom/p/ksoap2-android/.

One approach that’s been used successfully is to implement your own sen/ices on the 
Internet, which can talk SOAP (or whatever) to the destination sen/ice. Then your Android 
application only needs to talk to your sen/ices, and you now have complete control. If the 
destination sen/ices change, you might be able to handle that without having to update 
and release a new version of your application. You’d only have to update the sen/ices on 
your sen/er. A side benefit of this approach is that you could morę easily implement a paid 
subscription model for your application. If a user lets their subscription lapse, you can turn 
them off at your sen/er.

http://ksoap2.sourceforge.net/.The
http://code.google.eom/p/ksoap2-android/
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Android does have support for JavaScript Object Notation (JSON). This is a fairly common 
Tethod of packaging data between a web server and a client. The JSON parsing classes 
Take it very easy to unpack data from a response so your application can act on it. Or dig 
deeper into the Gson package referenced earlier in this chapter. Gson is a JSON Java library 
from Google, and its main benefit is how easy it is to parse JSON input into Java objects, 
and vice versa. It’s also very fast.
Android also has a couple of XML parsers that you can use to interpret the responses from 
the HTTP calls; the recommended one is XMLPullParser.

Dealing with Exceptions
Dealing with exceptions is part of any program, but software that makes use of external 
services (such as HTTP sen/ices) must pay additional attention to exceptions because the 
Potential for errors is magnified. There are several types of exceptions that you can expect 
^hile making use of HTTP sen/ices. These are transport exceptions, protocol exceptions, 
and timeouts. You should understand when these exceptions could occur.
transport exceptions can occur due to a number of reasons, but the most likely scenario with a 
Tobile device is poor network connectivity. Protocol exceptions (e.g., ClientProtocolException) 
are exceptions at the HTTP protocol layer. These include authentication errors, invalid cookies, 
and so on. You can expect to see protocol exceptions if, for example, you have to 
SLJpply login credentials as part of your HTTP request but fail to do so. Timeouts, with 
Tspect to HTTP calls, come in two flavors: connection timeouts and socket timeouts.
A connection timeout (e.g., ConnectTimeoutException) can occur if the HttpClient is not 
able to connect to the HTTP server—if, for example, the server is not available. A socket 
tinieout (e.g., SocketTimeoutException) can occur if the HttpClient fails to receive a response 
Within a defined time period. In other words, the HttpClient was able to connect to the server, 
hut the server failed to return a response within the allocated time limit.

that you understand the types of exceptions that might occur, how do you deal with 
them? Fortunately, the HttpClient is a robust framework that takes most of the burden off 
^°ur shoulders. In fact, the only exception types that you’ll have to worry about are the ones 
that you’ll be able to manage easily. The HttpClient takes care of transport exceptions by 
hetecting transport issues and retrying requests (which works very well with this type of 
e*ception). Protocol exceptions are exceptions that can generally be flushed out during 
hevelopment. Timeouts are the most likely exceptions that you’ll have to deal with. A simple 
and effective approach to dealing with both types of timeouts—connection timeouts and 
s°cket timeouts—is to wrap the execute() method of your HTTP request with a try/catch 
ar|d then retry if a failure occurs.
^hen using the HttpClient as part of a real-world application, you need to pay some 
attention to multithreading issues that might come up. Let’s delve into these now.

Addressing Multithreading Issues
^he examples we’ve shown so far created a new HttpClient for each request. In 
hractice, however, you could create one HttpClient for the entire application and use 
‘hat for all of your HTTP communication. It’s possible to associate a connection pool with 
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this HttpCIient, which you’ll now see. With one HttpCIient servicing all of your HTTP 
reąuests, you should pay attention to multithreading issues that could surface if you 
make simultaneous requests through the same HttpCIient. Fortunately, the HttpCIient 
provides facilities that make this easy—all you have to do is create the DefaultHttpClient 
using a ThreadSafeClientConnManager, as shown in Listing 14-5. This example project is 
HttpSingleton.

Listing 14-5. Creating anHttpCIient forMultithreading: CustomHttpClient.java
public class CustomHttpClient {

private static HttpCIient CustomHttpClient;

/** A private Constructor prevents instantiation */
private CustomHttpClient() {
}

public static synchronized HttpCIient getHttpClient() {
if (CustomHttpClient == nuli) {

HttpParams params = new BasicHttpParams();
HttpProtocolParams.setVersion(params, HttpVersion.HTTP_1_1);
HttpProtocolParams.setContentCharset(params,

HTTP.DEFAULT_CONTENT_CHARSET);
HttpProtocolParams.setUseExpectContinue(params, true);
HttpProtocolParams. setUserAgent(params,

System.getProperty("http.agent")
// Could also have used the following which is browser-oriented as opposed to 
// device-oriented:
// new WebView(getApplicationContext()).getSettings().getUserAgentStringO 

);

ConnManagerParams.setTimeout(params, 1000);

HttpConnectionParams.setConnectionTimeout(params, 5000);
HttpConnectionParams.setSoTimeout(params, 10000);

SchemeRegistry schReg = new SchemeRegistry();
schReg.register(new Scheme("http", 

PlainSocketFactory.getSocketFactory(), 80));
schReg.register(new Scheme("https",

SSLSocketFactory.getSocketFactory(), 443));
ClientConnectionManager conMgr = new

ThreadSafeClientConnManager(params,schReg);

CustomHttpClient = new DefaultHttpClient(conMgr, params);

return CustomHttpClient;

public Object clone() throws CloneNotSupportedException { 
throw new Clonel\lotSupportedException();

http://http.agent


__________ CHAPTER 14: Building and Consuming Services 273

your application needs to make morę than a few HTTP calls, you should create an 
HttpClient that sen/ices all your HTTP requests. The simplest way to do this is to create 
a singleton class that can be accessed from anywhere in the application, as we’ve shown 
here. This is a fairly standard Java pattern in which we synchronize access to a getter 
Tethod, and that getter method returns the one and only HttpClient object for the 
S|ngleton, creating it the first time as necessary.
N°w, take a look at the getHttpClient() method of CustomHttpClient. This method 
ls responsible for creating our singleton HttpClient. We set some basie parameters, 
some timeout values, and the schemes that our HttpClient will support (that is, HTTP 
ahd HTTPS). Notice that when we instantiate the DefaultHttpClient(), we pass in a 
ClientConnectionManager. The ClientConnectionManager is responsible for managing 
HTTP connections for the HttpClient. Because we want to use a single HttpClient for 
aH the HTTP requests (requests that could overlap if we’re using threads), we create a 
TireadSafeClientConnManager.

W® also show you a simpler way of collecting the response from the HTTP request, using 
a BasicResponseHandler. The code for our activity that uses our CustomHttpClient is in 
Listing 14-6.

listing 14-6. Using OurCustomHttpClient:HttpActivity.java

Poblic class HttpActivity extends Activity

private HttpClient httpClient;
@0verride
Public void onCreate(Bundle saved!nstanceState)

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

httpClient = CustomHttpClient.getHttpClient(); 
getHttpContent();

Public void getHttpContent()

try {
HttpGet request = new HttpGet("http://www.google.com/");
String page = httpClient.execute(request, 

new BasicResponseHandler());
System.out.println(page);

} catch (IOException e) {
// covers:
// ClientProtocolException
II ConnectTimeoutException
// ConnectionPoolTimeoutException
II SocketTimeoutException
e.printStackTrace();

http://www.google.com/
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For this sample application, we do a simple HTTP get of the Google home page. We also
use a BasicResponseHandler object to take care of rendering the page as a big String,
which we then write out to LogCat. As you can see, adding a BasicResponseHandler to the
execute() method is very easy to do.

You may be tempted to take advantage of the fact that each Android application has an 
associated Application object. By default, if you don’t define a custom application object, 
Android uses android.app.Application. Here’s the interesting thing about the application 
object: there will always be exactly one application object for your application, and all of 
your components can access it (using the global context object). It is possible to extend the 
Application class and add functionality such as our CustomHttpClient. However, in our case 
there is really no reason to do this within the Application class itself, and you will be much 
better off not messing with the Application class when you can simply create a separate 
singleton class to handle this type of need.

Fun with Timeouts
There are other terrific advantages to setting up a single HttpClient for our application to 
use. We can modify the properties of it in one place, and everyone can take advantage of 
it. For example, if we want to set up common timeout values for our HTTP calls, we can do 
that when creating our HttpClient by calling the appropriate setter functions against our 
HttpParams object. Please refer to Listing 14-5 and the getHttpClient() method. Notice 
that there are three timeouts we can play with. The first is a timeout for the connection 
manager, and it defines how long we should wait to get a connection out of the connection 
pool managed by the connection manager. In our example, we set this to 1 second. About 
the only time we might ever have to wait is if all connections from the pool are in use. The 
second timeout value defines how long we should wait to make a connection over the 
network to the server on the other end. Here, we used a value of 2 seconds. And lastly, we 
set a socket timeout value to 4 seconds to define how long we should wait to get data back 
for our request.

Corresponding to the three timeouts described previously, we could get these 
three exceptions: ConnectionPoolTimeoutException, ConnectTimeoutException, or 
SocketTimeoutException. All three of these exceptions are subclasses of IOException, whicf1 
we’ve used in our HttpActivity instead of catching each subclass exception separately.

If you investigate each of the parameter-setting classes that we used in getHttpClient()> 
you might discover even more parameters that you would find useful.

We’ve described for you how to set up an HttpClient with a pool of connections for use 
across your application. And the implication is that every time you need to use a connection, 
the various settings will apply to your particular needs. But what if you want different setting5 
for a particular message? Thankfully, there’s an easy way to do that as well. We showed y°u 
how to use an HttpGet or an HttpPost object to describe the request to be madę across 
the network. In a similar way to how we set HttpParams on our HttpClient, you can set 
HttpParams on both HttpGet and HttpPost objects. The settings you apply at the message 
level will override the settings at the HttpClient level without changing the HttpClient 
settings. Listing 14-7 shows what this might look like if we wanted to have a socket timeout 
of 1 minutę instead of 4 seconds for one particular request. You would use these lines in 
place of the lines in the try błock of getHttpContent() in Listing 14-6.
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Listing 14-7, Ovemding the Socket Timeout at the Request Level
HttpGet request = new HttpGet("http://www.google.com/");
ttpParams params = request.getParams();
ttpConnectionParams.setSoTimeout(params, 60000); // 1 minutę

^equest.setParams(params);
tring page = httpClient.execute(request, 

new BasicResponseHandler());
ystem.out.println(page);

Using the HttpURLConnection
Android provides another way to deal with HTTP sen/ices, and that is using the 
Java.net.HttpURLConnection class. This is not unlike the HttpCIient classes we’ve just 
covered, but HttpURLConnection tends to require more statements to get things done. 
HttpURLConnection is also not threadsafe. On the other hand, this class is much smaller and 
]9htweight than HttpCIient, so you can simply create the ones you need. Starting with the 
^'ngerbread release, it is also fairly stable, so you should consider it for apps on more recent 

evices when you just need basie HTTP features and you want a compact application.

Using the AndroidHttpCIient
Android 2.2 introduced a new subclass of HttpCIient called AndroidHttpCIient. The idea 
“ehind this class is to make things easier for the developer of Android apps by providing 
f efault values and logie appropriate for Android apps. For example, the timeout values 
Or the connection and the socket (that is, operation) default to 20 seconds each. The 

Connection manager defaults to the ThreadSafeClientConnManager. For the most part, it is 
^erchangeable with the HttpCIient we used in the previous examples. There are a few 

'tterences, though, that you should be aware of:

■ To create an AndroidHttpCIient, you invoke the static newlnstance() 
method of the AndroidHttpCIient class, like this:

AndroidHttpCIient httpClient = AndroidHttpCIient.newlnstance 
("my-http-agent-string");

Notice that the parameter to the newlnstance() method is an HTTP 
agent string. You most likely don’t want to hardcode this, so you have 
two options as follows, which unfortunately can return different strings. 
The second one is probably the one you want to use as it looks more 
like what a browser would send (at least in our experiments).

II The first option is a device-level agent string 
String httpAgent = System.getProperty("http.agent");
II This second option looks like a browser’s agent string 
httpAgent = new WebView(context).getSettings().getUserAgentString();

Of course, you are also free to build your own agent string using 
anything available to your app; ifs the server thafs going to parse it to 
better understand the device, and if you control the server, you can use 
whatever values you sent from the app.

http://www.google.com/
http://http.agent
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■ When execute() is called on this client, you must be in a thread 
separate from the main Ul thread. This means that you’II get an 
exception if you simply attempt to replace our previous HttpClient with 
an AndroidHttpClient. It is bad practice to make HTTP calls from the 
main Ul thread, so AndroidHttpClient won’t let you. Weil be covering 
threading issues in the next section.

■ You must cali close() on the AndroidHttpClient instance when you are 
done with it. This is so memory can be freed up properly.

■ There are some handy static methods for dealing with compressed 
responses from a server, including

■ modifyRequestToAcceptGzipResponse(HttpRequest request)
■ getCompressedEntity(byte[] data, ContentResolver resolver)
■ getUngzippedContent(HttpEntity entity)

Once you’ve acquired an instance of the AndroidHttpClient, you cannot modify any 
parameter settings in it, nor can you add any parameter settings to it (such as the HTTP 
protocol version, for example). Your options are to override settings within the HttpGet object 
as shown previously or to not use the AndroidHttpClient.

This concludes our discussion of using HTTP sen/ices with the HttpClient. For a great 
tutorial on using HttpClient and these other concepts, please check out the Apache site at 
http: //hc.apache.org/httpcomponents-client-ga/tutorial/html/.

We’ve shown you how to operate with HTTP-based sen/ices. But what if we wanted to run 
some background processing that lasted longer than a short while, or what if we wanted 
to invoke some non-UI functionality that exists in another Android application? For these 
needs, Android provides sen/ices. We will discuss them next.

Using Android Senrices
Android supports the concept of sen/ices. Sen/ices are components that run in the background, 
without a user interface. You can think of these components as similar to Windows sen/ices or 
Unix daemons. Similar to these types of sen/ices, Android sen/ices can be always available but 
don’t have to be actively doing something. Morę important, Android sen/ices can have life cycle5 
separate from activities. When an activity pauses, stops, or gets destroyed, there may be some 
Processing that you want to continue. Sen/ices are good for that too.

Android supports two types of sen/ices: local sen/ices and remote sen/ices. A local sen/ice 
is a sen/ice that is only accessible to the application that is hosting it, and it is not accessibl® 
from other applications running on the device. Generally, these types of sen/ices simply 
support the application that is hosting the sen/ice. A remote sen/ice is accessible from othef 
applications on the device in addition to the application hosting the sen/ice. Remote sen/ic®5 
define themselves to clients using Android Interface Definition Language (AIDL). We’re going 
to talk about both of these types of sen/ices, although in the next few chapters, we’re going 
deep into local sen/ices. Therefore, we will introduce them here but not spend that much 
time on them. We’ll cover remote sen/ices in morę detail in this chapter.

file:////hc.apache.org/httpcomponents-client-ga/tutorial/html/
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Understanding Services in Android
The Android Service class is a wrapper of sorts for codę that has sen/ice-like behavior. 
However, a Sen/ice object does not create its own threads automatically. For a Service 
°t>ject to use threads, the developer must make it happen. This means that without adding 
threading to a sen/ice, the codę of the sen/ice will run on the main thread. If our sen/ice is 
Performing operations that will complete quickly, this won’t be a problem. If our sen/ice might 
r*-in for a while, we definitely want to involve threading. Keep in mind there is nothing wrong 
with using AsyncTasks to do threading within sen/ices.

Android supports the concept of a sen/ice for two reasons:

■ First, to allow you to implement background tasks easily.

■ Second, to allow you to do interprocess communication between 
applications running on the same device.

These two reasons correspond to the two types of sen/ices that Android supports: local 
services and remote sen/ices. An example of the first case might be a local sen/ice 
implemented as part of an e-mail application. The sen/ice could handle the sending of a new 
e~mail to the e-mail sen/er, complete with attachments and retries. As this could take a while 
to complete, a sen/ice is a nice way of wrapping up that functionality so the main thread can 
^ick it off and get back to the user. Plus, if the e-mail activity goes away, you still want the 
sent e-mails to be delivered. An example of the second case, as we’ll see later, is a language 
translation application. Suppose you have several applications running on a device, and 
you need a sen/ice to accept text that needs to be translated from one language to another. 
father than repeat the logie in every application, you could write a remote translation sen/ice 
and have the applications talk to the sen/ice.
A local sen/ice gets initialized either by a client binding to it using bindSen/ice(), or by
9 Client starting it using startService(). Remote sen/ices are typically always initialized 
With bindSen/ice(). A bound sen/ice gets instantiated when the first client binds to it, and 
bestroyed when the last client unbinds from it. As clients come in and out of the foreground, 
they can bind and unbind as needed, to ensure that the sen/ice isn’t running unnecessarily. 
This helps to presen/e battery life. However, it is unwise to bind in onResume() and unbind 
lri onPause() because that could cause a lot of unnecessary starting and stopping of the 
service. It’s better to bind and unbind in onCreate() and onDestroy(), or in onStart() and 
°nStop(). Binding is only allowed from an Application Context, an Activity, another Sen/ice, or 
9 Content Provider. That means not from Fragments and not from Broadcast Receivers.
^hen a sen/ice is instead started with startSen/ice(), it will remain running until it is stopped, 
either by a client or by telling itself to stop. For a local sen/ice that wants to perform work 
in the background, consider instantiating it with startService() so it can remain running 
even if the activity that started it goes away. Technically a Broadcast Receiver can start a 
service using startService(), sińce the sen/ice can then continue to exist once the short-lived 
broadcast Receiver terminates. If you do create a sen/ice that will run in the background 
even when the activities have gone away, you may want to implement onBind() for when the 
Qser wants to regain control of the sen/ice. A new activity could bind to the existing sen/ice 
ahd then cali sen/ice methods on it.
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There are examples of local sen/ices that do not create background threads, but this may 
not be very useful in practice. A sen/ice does not inherently create any threads, so codę of 
a sen/ice will by default run on the main Ul thread. There may not be any real advantage to 
wrapping this codę in a sen/ice then, sińce you could just cali methods of a class to execute 
that logie. It is more common for a local sen/ice to have its own threads of execution, 
which can be started either when the first client binds to it, or because of a startService() 
command.

Now, we can begin a detailed examination of the two types of sen/ices. We will start by 
talking about local sen/ices and then discuss remote sen/ices. As mentioned before, local 
sen/ices are sen/ices that are called only by the application that hosts them. Remote 
sen/ices are sen/ices that support a remote procedurę cali (RPC) mechanism. These sen/ices 
allow external clients, on the same device, to connect to the sen/ice and use its facilities. 
There are two main ways of calling remote sen/ices: using an AIDL interface and using a 
Messenger. Both will be covered.

Notę The second type of sen/ice in Android is known by several names: remote service, 
AIDL-supporting service, AIDL sen/ice, external sen/ice, and RPC sen/ice. These terms all refer to 
the same type of sen/ice—one thafs meant to be accessed remotely by other applications running 
on the device.

Understanding Local Services
Local sen/ices are sen/ices that are generally started via Context.startService(). Once 
started, these types of sen/ices will continue to run until a client calls Context.stopService() 
on the sen/ice or the sen/ice itself calls stopSelf(). Notę that when Context.startService() 
is called and the sen/ice has not already been created, the system will instantiate the 
sen/ice and cali the service’s onStartCommand() method. Keep in mind that calling 
Context.startService() after the sen/ice has been started (that is, while it exists) will 
not result in another instance of the sen/ice, but will reinvoke the running service’s 
on$tartCommand() method. Here are a couple of examples of local sen/ices:

■ A sen/ice to monitor sensor data from the device and do analysis, 
issuing alerts if a certain condition is realized. This sen/ice might run 
constantly.

■ A task-executor sen/ice that lets your application’s activities submit 
jobs and queue them for processing. This sen/ice might only run for the 
duration of the operation to submit the job.

Listing 14-8 demonstrates a local sen/ice by implementing a sen/ice that executes 
background tasks. We’ll end up with four artifacts required to create and consume the 
sen/ice: BackgroundService.java (the sen/ice itself), main.xml (a layout file for the activity). 
MainActivity.java (an actiyity class to cali the sen/ice), and AndroidManifest.xml.
Listing 14-8 only contains BackgroundService. java. We’ll dissect this codę first and then 
move on to the other three.
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Listing 14-8. Implementing a Local Sen/ice:BackgroundService.java
Public class BackgroundService extends Sen/ice

private static finał String TAG = "BackgroundService";
private NotificationManager notificationMgr;
private ThreadGroup myThreads = new ThreadGroup("ServiceWorker");

@0verride
public void onCreate() { 

super.onCreate();

Log.v(TAG, "in onCreate()");
notificationMgr =(NotificationManager)getSystemService( 

NOTIFICATION_SERVICE);
displayNotificationMessage("Background Sen/ice is running");

@0verride
public int onStartCommand(Intent intent, int flags, int startld) { 

super.onStartCommand(intent, flags, startld);

int counter = intent.getExtras().getInt("counter");
Log.v(TAG, "in onStartCommand(), counter = " + counter + 

", startld = " + startld);

new Thread(myThreads, new Sen/iceWorker(counter), 
"BackgroundSen/ice")

.start();

return START_STICKY;
}

class ServiceWorker implements Runnable
{

private int counter = -1;
public ServiceWorker(int counter) { 

this.counter = counter;
}

public void run() {
finał String TAG2 = "ServiceWorker:" +

Thread.currentThread().getld();
// do background processing here... we'11 just sleep... 
try {

Log.v(TAG2, "sleeping for 10 seconds. counter = " + 
counter);

Thread.sleep(lOOOO);
Log.v(TAG2, "... waking up");

} catch (InterruptedException e) {
Log.v(TAG2, "... sleep interrupted");

}
}

}
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@0verride
public void onDestroy()

Log.v(TAG, "in onDestroyO. Interrupting threads and cancelling notifications"); 
myThreads.interrupt();
notificationMgr.cancelAll();
super.onDestroyO;

}

@0verride
public IBinder onBind(Intent intent) {

Log.v(TAG, "in onBind()"); 
return nuli;

}

private void displayNotificationMessage(String message) 
{

Pendinglntent contentlntent =
Pendinglntent.getActivity(this, 0,

new Intent(this, MainActivity.class), 0);

Notification notification = new NotificationCompat.Builder(this) 
.setContentTitle(message) 
.setContentText("Touch to turn off service") 
.setSmalllcon(R.drawable.emo_im_winking) 
.setTicker("Starting up!!!") 
U .setLargelcon(aBitmap) 
.setContentlntent(contentlntent) 
.setOngoing(true) 
.build();

notificationMgr.notify(0, notification);
} 

}

The structure of a Sen/ice object is somewhat similar to an activity. There is an onCreateO 
method where you can do initialization, and an onDestroyO where you do cleanup. ServiceS 
don’t pause or resume the way activities do, so we don’t use onPause() or onResume() 
methods. In this example, we won’t be binding to the local sen/ice, but because Service 
requires an implementation of the onBind() method, we provide one that simply returns nu"- 
lt’s worth mentioning that you could have a local sen/ice that implements onBind() and does 
not use onStartCommand().

Going back to our onCreate() method, we don’t need to do much except to notify the 
user that this sen/ice has been created. We do this using the Notif icationManager. You’ve 
probably noticed the notification bar at the top left of an Android screen. By pulling down °n 
this, the user can view messages of importance, and by touching notifications can act on 
the notifications, which usually means returning to some activity related to the notification- 
With sen/ices, because they can be running, or at least existing, in the background without 
a visible activity, there has to be some way for the user to get back in touch with the 



CHAPTER 14: Building and Consuming Services 281

service, perhaps to turn it off. Therefore, we create a Notification object, populate it with a 
endingintent, which will get us back to our control activity, and post it. This all happens 

ln the displayNotificationMessage() method. Notę that our Notification object needs to 
®xist as long as our sen/ice exists, so we use setOngoing(true) to keep it in the notifications 
lst until we elear it ourselves from our service’s onDestroy() method. The method we used 
ln onDestroyO to elear our notification is cancelAll() on the NotificationManager.
There’s another thing you need to have for this example to work. You’ll need to create 
a drawable named emo_im_winking and place it within your project’s drawable folder. A 
9ood source of drawables for this demonstration purpose is to look under the Android 
Platform folder at Android SDK/platforms/<version>/data/res/drawable, where <version> 
ls the version you’re interested in. Unfortunately, you can’t reliably refer to Android system 
drawables from your code, so you’ll need to copy what you want over to your projects 
drawables folder. If you choose a different drawable file for your example, just go ahead and 
rename the resource ID in the constructor for the Notification.
When an intent is sent into our sen/ice using startService(), onCreate() is called if 
^cessary, and our onStartCommand() method is called to receive the caller’s intent. In our 
case, we’re not going to do anything special with it, except to unpack the counter and use 
1 to start a background thread. In a real-world sen/ice, we would expect any data to be 
Passed to us via the intent, and this could include URIs, for example. Notice the use of a 
hreadGroup when creating the Thread. This will prove to be useful later when we want to 

9et rid of our background threads. Also notice the startld parameter. This is set for us by 
ndroid and is a unique identifier of the sen/ice calls sińce this sen/ice was started.

^Ur ServiceWorker class is a typical runnable and is where the work happens for our sen/ice. 
n our particular case, we’re simply logging some messages and sleeping. We’re also 

Catching any interruptions and logging them. One thing we’re not doing is manipulating the 
eser interface. We’re not updating any views for example. Because we’re not on the main 

read anymore, we cannot touch the Ul directly. There are ways for our ServiceWorker to
6 ect changes in the user interface, and we’11 get into those details in the next few chapters. 
^e last item to pay attention to in our BackgroundService is the onDestroyO method. This 
a where we perform the cleanup. For our example, we want to get rid of the threads we 
reated earlier, if any are still around. If we don’t do this, they could simply hang around

aP9 take up memory. Second, we want to get rid of our notification message. Because our 
$®rvice is going away, there’s no longer any need for the user to get to the activity to get rid

In a real-world application, however, we might want to keep our workers working. If our 
. ervice is sending e-mails, we certainly don’t want to simply kill off the threads. Our example 
$ °verly simple, because we imply through the use of the interrupt0 method that you can 
aslly kill off background threads. In reality, however, the most you can do is interrupt. This 

b°n’t necessarily kill off a thread, though. There are deprecated methods for killing threads, 
ct you should not use these. They can cause memory and stability problems for you and 
cur users. Interrupting works in our example, because we’re doing sleeps, which can be 

lnteTupted.

q s Worthwhile taking a look at the ThreadGroup class because it provides ways for you to 
e access to your threads. We created a single ThreadGroup object within our sen/ice and 
en used that when creating our indMdual threads. Within our onDestroyO method of the

i we simply interrupt() on the ThreadGroup, and it issues an interrupt to each thread 
the ThreadGroup.
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So there you have the makings of a simple local sen/ice. Before we show you the codę for 
our activity, Listing 14-9 shows the XML layout file for our user interface.

Listing 14-9. Implementing a Local Sen/ice: main. xml
<?xml version="l.O" encoding="utf-8"?>
<!-- This file is /res/layout/main.xml -->
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android”

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent" 
>

<Button android:id="@+id/startBtn"
android:layout_width="wrap_content”
android:layout_height="wrap_content"
android:text="Start Service" android:onClick="doClick" />

<Button android:id="@+id/stopBtn"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Stop Service” android:onClick="doClick" /> 

</LinearLayout>

We’re going to show two buttons on the user interface, one to do startService() and the 
other to do stopService(). We could have chosen to use a ToggleButton, but then you 
would not be able to cali startService() multiple times in a row. This is an important point. 
There is not a one-to-one relationship between startService() and stopService(). When 
stopService() is called, the service object will be destroyed, and all threads created from 
all startService() calls should also go away. Now, let’s look at the codę for our activity in 
Listing 14-10.

Listing 14-10. Implementinga LocalSen/ice:MainActivity.java
public class MainActivity extends Activity 
{

private static finał String TAC = "MainActivity";
private int counter = 1;

@0verride
public void onCreate(Bundle saved!nstanceState) 
{

super.onCreate(savedInstanceState); 
setContentView(R.layout.main);

}

public void doClick(View view) { 
switch(view.getld()) { 
case R.id.startBtn:

Log.v(TAG, "Starting service... counter = " + counter);
Intent intent = new Intent(MainActivity.this,

BackgroundService.class);

http://schemas.android.com/apk/res/android%25e2%2580%259d
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intent.putExtra("counter", counter++); 
startService(intent);
break;

case R.id.stopBtn: 
stopService();

}
}

private void stopService() {
Log.v(TAG, "Stopping service...");
if(stopService(new Intent(MainActivity.this, 

BackgroundService.class)))
Log.v(TAG, "stopService was successful");

else
Log.v(TAG, "stopService was unsuccessful");

}

@0verride
public void onDestroyO 
{

stopService();
super.onDestroyO;

$Ur MainActivity looks a lot like other activities you’ve seen. There’s a simple onCreate() 
set up our user interface from the main.xml layout file. There’s a doClick() method to 

handle the button callbacks. In our example, we’re calling startService() when the Start 
Ssrvice button is pressed, and we’re calling stopService() when the Stop Service button 
!s Pressed. When we start the sen/ice, we want to pass in some data, which we do via the 
lr|tent. We chose to pass the data in the Extras bundle, but we could have added it using 
SetData() if we had a URI. When we stop the sen/ice, we check to see the return result. It 
should normally be true, but if the sen/ice was not running, we could get a return of false.

®st, when our activity dies, we want to stop the sen/ice, so we also stop the sen/ice in our 
onDestroyO method. There’s one more item to discuss, and thafs the AndroidManifest.xml 

1 e> which we show in Listing 14-11.

^sting 14-11, Implementinga LocalService:AndroidManifest.xml
<?xml version="i.o” encoding="utf-8"?>

manifest xmlns:android="http://schemas.android.com/apk/res/android" 
package="com.androidbook.services.simplelocal" 
android:versionCode="l"
android:versionName="l.0">

<uses-sdk android:minSdkVersion="8" />
Application android:icon="@drawable/icon"

android:label="@string/app_name">
<activity android:name=".MainActivity" 

android:label="@string/app_name" 
android:launchMode="singleTop" >

http://schemas.android.com/apk/res/android
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<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />

</intent-filter>
</activity>
<service android:name="BackgroundService"/>

</application> 

</manifest>

In addition to our regular <activity> tags in the manifest file, we now have a <service> tag- 
Because this is a local sen/ice that we’re calling explicitly using the class name, we don’t 
need to put much into the <service> tag. All that is required is the name of our sen/ice. But 
there is one other thing to point out about this manifest file. Our sen/ice creates a notification 
so that the user can get back to our MainActivity if, for example, the user pressed the 
Home key on MainActivity without stopping the sen/ice.
The MainActivity is still there; ifs just not visible. One way to get back to the MainActivity 
is to click the notification that our sen/ice created. The notification manager delivers our 
intent back to our application and would normally cause a new instance of MainActivity to 
handle the new intent. To prevent this from happening, we set an attribute in our manifest 
file for MainActivity called android: launchMode, and we set it to singleTop. This will help 
ensure that the existing invisible MainActivity will be brought forward and displayed, rather 
than creating another MainActivity.

When you run this application, you will see our two buttons. By clicking the Start Sen/ice 
button, you will be instantiating the sen/ice and calling onStartComniand(). Our code 
logs several messages to LogCat, so you can follow along. Go ahead and click Start 
Sen/ice several times in a row, even guickly. You will see threads created to handle each 
reguest. You’ll also notice that the value of counter is passed along through to each 
ServiceWorker thread. When you press the Stop Sen/ice button, our sen/ice will go away, 
and you’II see the log messages from our MainActivity’s stopService() method, from our 
BackgroundService’s onDestroyO method, and possibly from ServiceWorker threads if they 
got interrupted.

You should also notice the notification message when the sen/ice has been started. With the 
sen/ice running, go ahead and press the Back button from our MainActivity and notice that 
the notification message disappears. This means our sen/ice has gone away also. To restart our
MainActivity, click Start Sen/ice to get the sen/ice going again. Now, press the Home button. 
Our MainActivity disappears from view, but the notification remains, meaning our sen/ice is stl 
in existence. Go ahead and click the notification, and youTI again see our MainActivity.

Notę that our example uses an activity to interface with the sen/ice, but any component in 
your application can use the sen/ice. This includes other sen/ices, actiyities, generic classes, 
and so on. Also notę that our sen/ice does not stop itself; it relies on the activity to do that 
for it. There are some methods available to a sen/ice to allow the sen/ice to stop itself, 
namely stopSelf () and stopSelfResult(). Obviously, if we have multiple clients for this 
sen/ice, we wouldn’t want the sen/ice to be stopped by one if the others are still using it- 
a started sen/ice with multiple clients, it is morę likely you’d put logie in the sen/ice itself to 
decide when the sen/ice can or should be stopped, and the sen/ice would use one of the 
stop*() methods to do that.
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Our BackgroundService is a typical example of a sen/ice that is used by the components 
of the application that is hosting the sen/ice. In other words, the application that is running 
Te sen/ice is also the only consumer. Because the sen/ice does not support clients from 
outside its process, the sen/ice is a local sen/ice. The critical methods of a local sen/ice are 
°nCreate(), onStartCommand(), onBind(), stop*(), and onDestroy().
There’s another option with a local sen/ice, and that is for the case where you ’ II only have one 
'hstance of the sen/ice with one background thread. In this case, in the onCreate() method 
°f the BackgroundService, we could create a thread that does the service’s heavy lifting. We 
could create and start the thread in onCreate() rather than onStartCommand(). We could do 
this because onCreate() is called only once, and we want the thread to be created only once 
during the life of the sen/ice. One thing we wouldn’t have in onCreate(), though, is the content 
°f the intent passed by startService(). If we need that, we might as well use the pattern as 
described previously, and we’d just know that onStartCommandO should be called only once.

Android has yet another way to implement a local sen/ice that includes a background thread 
dutomatically: the IntentSen/ice. A subclass of Sen/ice, IntentSen/ice receives the incoming 
htent from a startSen/ice() cali, creates a background (worker) thread for you, and invokes 
Te callback onHandlelntent(lntent intent). If another intent is delivered to this sen/ice before 
the worker thread has completed the earlier intent, the new intent will sit and wait until 
the previous intent has been processed, at which time the next intent in the queue will get 
Passed to the onHandlelntent() method. When all intents from the inbound queue have 
completed processing, the sen/ice will stop itself (no need for you to do that).
This concludes our introduction to local sen/ices. Remember that we’ll get into more 
details of local sen/ices in subsequent chapters. Let’s move on to AIDL sen/ices—the more 
complicated type of sen/ice.

Understanding AIDL Services
the previous section, we showed you how to write an Android sen/ice that is consumed 

by the application that hosts the sen/ice. Now, we are going to show you how to build a 
sen/ice that can be consumed by other processes via remote procedurę cali (RPC). As with 
Tany other RPC-based Solutions, in Android you need an interface definition language (IDL) 
to define the interface that will be exposed to clients. In the Android world, this IDL is called 
Android Interface Definition Language (AIDL). To build a remote sen/ice, you do the following:

1. Write an AIDL file that defines your interface to clients. The AIDL file 
uses Java syntax and has an .aidl extension. Use the same package 
name inside your AIDL file as the package for your Android project.

2. Add the AIDL file to your Eclipse project under the src directory. The 
Android Eclipse plug-in will cali the AIDL compiler to generate a Java 
interface from the AIDL file (the AIDL compiler is called as part of the 
build process).

3. Implement a sen/ice, and return the interface from the onBind() method.

4. Add the sen/ice configuration to your AndroidManifest.xml file. The 
sections that follow show you how to execute each step.
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Defining a Service Interface in AIDL
To demonstrate an example of a remote sen/ice, we are going to write a stock-quoter 
sen/ice. This sen/ice will provide a method that takes a ticker symbol and returns the stock 
value. To write a remote sen/ice in Android, the first step is to define the sen/ice interface 
definition in an AIDL file. Listing 14-12 shows the AIDL definition of IStockQuoteService. This 
file goes into the same place as a regular Java file would for your StockQuoteService project.

Listing 14-12. The AIDL Definition of the Stock-Duoter Service
II This file is IStockQuoteService.aidl
package com.androidbook.services.stockquoteservice; 
interface IStockOuoteService
{

double getQuote(String ticker);
}

The IStockQuoteService accepts the stock-ticker symbol as a string and returns the 
current stock value as a double. When you create the AIDL file, the Android Eclipse 
plug-in runs the AIDL compiler to process your AIDL file (as part of the build process). If 
your AIDL file compiles successfully, the compiler generates a Java interface suitable for 
RPC communication. Notę that the generated file will be in the package named in your AIDL 
file—com.androidbook.services.stockquoteservice in this case.

Listing 14-13 shows the generated Java file for our IStockQuoteService interface. The 
generated file will be put into the gen folder of our Eclipse project.

Listing 14-13. The Compiler-Generated Java File
I*
* This file is auto-generated. DO NOT MODIFY.
* Original file: C:\\android\\StockOuoteService\\src\\com\\androidbook\\<-' 

services\\stockquoteservice\\IStockQuoteService.aidl
*/

package com.androidbook.services.stockquoteservice;
import java.lang.String;
import android.os.RemoteException;
import android.os.IBinder;
import android.os.Ilnterface;
import android.os.Binder;
import android.os.Parcel;
public interface IStockOuoteService extends android.os.Ilnterface 
{
/** Local-side IPC implementation stub class. */
public static abstract class Stub extends android.os.Binder implements-1 
com.androidbook.services.stockquoteservice.IStockOuoteService 
{
private static finał java.lang.String DESCRIPTOR = *
"com.androidbook.services.stockquoteservice.IStockQuoteService";
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/ * Construct the stub at attach it to the interface. */
Public Stub()

^rs.attachlnterface(this, DESCRIPTOR); 

/**
*
*
*/

Cast an IBinder object into an IStockQuoteService interface, 
generating a proxy if needed.

Public static com. androidbook. services. stockquoteservice. IStockQuoteService«-' 
aslnterface(android.os.IBinder obj) 

lf ((obj==null)) 
Return nuli;

android.os.Hnterface iin = (android.os.IInterface)obj.queryLocalInterface(DESCRIPTOR);
(((iin!=null)&&(iin instanceof com.androidbook.services.stockquoteservice.

^rockQuoteService))) {
return ((com.androidbook.services.stockquoteservice.IStockQuoteService)iin);

return new com.androidbook.seryices.stockquoteservice.IStockQuoteService.Stub.Proxy(obj);

Public android.os.IBinder asBinder()

*eturn this;

®°verride public boolean onTransact(int codę, android.os.Parcel data,**
android.os.Parcel reply, int flags) throws android.os.RemoteException

Jwitch (codę)

^Se INTERFACE_TRANSACTION:

^y-writeString(DESCRIPTOR);

^ase TRANSACTION_getQuote:

^ta • ^orcelnterf ace (DESCRIPTOR);
J^-lang.string _argO;
d0S = data-readString();
r re _result = this.getQuote(_argo);
r P y•writeN°Exception();

Piy.writeDouble( result);
jeturn true;

। turn super.onTransact(code, data, reply, flags);
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private static class Proxy implements
com.androidbook.services.stockquoteservice.IStockOuoteService

{
private android.os.IBinder mRemote;
Proxy(android.os.IBinder remote)
{
mRemote = remote;
}
public android.os.IBinder asBinder()
{
return mRemote;
}
public java.lang.String getInterfaceDescriptor()
{
return DESCRIPTOR;
}
public double getOuote(java.lang.String ticker) throws android.os.RemoteException
{
android.os.Parcel _data = android.os.Parcel.obtain();
android.os.Parcel _reply = android.os.Parcel.obtain();
double _result;
try {
_data.writeInterfaceToken(DESCRIPTOR);
_data.writeString(ticker);
mRemote.transact(Stub.TRANSACTION_getQuote, _data, _reply, 0);
_reply.readException();
_result = _reply.readDouble();
}
finally {
_reply.recycle();
_data.recycle();
)
return _result;
}
}
static finał int TRANSACTION_getOuote = (IBinder.FIRST_CALL_TRANSACTION + 0);
}
public double getOuote(java.lang.String ticker) throws android.os.RemoteException;
}

Notę the following important points regarding the generated classes:

■ The interface we defined in the Al DL file is implemented as an 
interface in the generated code (that is, there is an interface named 
IStockQuoteService).

■ A static abstract class named Stub extends android.os.Binder and 
implements IStockQuoteService. Notę that the class is an abstract class.
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■ An inner class named Proxy implements the IStockQuoteService that 
proxies the Stub class.

■ The AIDL file must reside in the package where the generated files are 
supposed to be (as specified in the AIDL file’s package declaration).

Now, let’s move on and implement the AIDL interface in a sen/ice class.

taplementing an AIDL Interface
the previous section, we defined an AIDL file for a stock-quoter sen/ice and generated 

binding file. Now, we are going to provide an implementation of that sen/ice. To 
implement the service’s interface, we need to write a class that extends android.app. 
Seryice and implements the IStockQuoteService interface. The class we are going to 
Write we’ll cali StockQuoteService. To expose the sen/ice to clients, our StockQuoteService 
will need to provide an implementation of the onBind() method, and we’ll need to add 
some configuration information to the AndroidManifest.xml file. Listing 14-14 shows an 
implementation of the IStockQuoteService interface. This file also goes into the src folder of 
^e StockQuoteService project.

Listing 14-14. The IStockOuoteService Sen/ice Implementation

Public class StockQuoteService extends Service

private static finał String TAG = "StockQuoteService";
public class StockQuoteServiceImpl extends IStockQuoteService.Stub

@0verride
public double getOuote(String ticker) throws RemoteException 
{

Log.v(TAG, "getQuote() called for " + ticker);
return 20.0;

}
}

@0verride
Public void onCreate() {

super.onCreate();
Log.v(TAG, ''onCreate() called");

@0verride
Public void onDestroyO

super.onDestroyO;
Log.v(TAG, "onDestroyO called");
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@Override
public IBinder onBind(Intent intent) 
{

Log.v(TAG, "onBind() called'1); 
return new StockOuoteServiceImpl();

} 
}

The StockQuoteService.java class in Listing 14-14 resembles the local BackgroundService 
we created earlier, but without the NotificationManager. The important difference is that we 
now implement the onBind() method. Recall that the Stub class generated from the AIDL 
file was an abstract class and that it implemented the IStockQuoteService interface. In our 
implementation of the sen/ice, we have an inner class that extends the Stub class called 
StockQuoteServiceImpl. This class sen/es as the remote-sen/ice implementation, and an 
instance of this class is returned from the onBind() method. With that, we have a functional 
AIDL sen/ice, although external clients cannot connect to it yet.

To expose the sen/ice to clients, we need to add a sen/ice declaration in the 
AndroidManifest.xml file, and this time, we need an intent filter to expose the sen/ice. 
Listing 14-15 shows the sen/ice declaration for the StockQuoteService. The <service> tag 
is a child of the <application> tag.

Listing 14-15. Manifest Declaration for the IStockOuoteService

<?xml version="l.O" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android" 

package="com.androidbook.services.stockquoteservice" 
android:versionCode="l"
android:versionName="1.0">

<application android:icon="@drawable/icon" 
android:label="@string/app_name">

<service android:name="StockQuoteService">
<intent-filter>

<action android:name=
"com.androidbook.sen/ices.stockquoteservice.IStockQuoteService" / > 

</intent-filter>
</service>

</application>
<uses-sdk android:minSdkVersion="4" />

</manifest>

As with all sen/ices, we define the sen/ice we want to expose with a <service> tag. For an 
AIDL sen/ice, we also need to add an <intent-filter> with an <action> entry for the service 
interface we want to expose.
With this in place, we have everything we need to deploy the sen/ice. When you are readyt0 
deploy the sen/ice application from Eclipse, just go ahead and choose Run As the way y°u 
would for any other application. Eclipse will comment in the Console that this application 
has no Launcher, but it will deploy the app anyway, which is what we want. Let’s now look 
how we would cali the sen/ice from another application (on the same device, of course).

http://schemas.android.com/apk/res/android
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Calling the Service from a Client Application
Men a client talks to a sen/ice, there must be a protocol or contract between the two. With 
Android, the contract is in our AIDL file. So the first step in consuming a sen/ice is to take 
the service’s AIDL file and copy it to your client project. When you copy the AIDL file to the 
c|ient project, the AIDL compiler creates the same interface-definition file that was created 
when the sen/ice was implemented (in the sen/ice-implementation project). This exposes to 
the client all of the methods, parameters, and return types on the sen/ice. Let’s create a new 
P^ject and copy the AIDL file:

1. Create a new Android project named StockOuoteClient.
Use a different package name, such as com.androidbook. 
stockquoteclient. Use MainActivity for the Create Activity field.

2. Create a new Java package in this project named com.androidbook. 
services.stockquoteservice in the src directory.

3. Copy the IStockQuoteService.aidl file from the StockQuoteService 
project to this new package. Notę that after you copy the file to the 
project, the AIDL compiler will generate the associated Java file.

he sen/ice interface that you regenerate sen/es as the contract between the client and the 
Service. The next step is to get a reference to the sen/ice so we can cali the getQuote() 
Method. With remote sen/ices, we have to cali the bindService() method rather than the 
^artService() method. Listing 14-16 shows an activity class that acts as a client of the 
MckOuoteService sen/ice. Listing 14-17 contains the layout file for the activity.

histing 14-16 shows our MainActivity.java file. Realize that the package name of the client 
^ctivity is not that important—you can put the activity in any package you’d like. However, 

e AIDL artifacts that you create are package-sensitive because the AIDL compiler
Senerates codę from the contents of the AIDL file.

listing 14-16. A Client of the IStockOuoteService Sen/ice

Public class MainActivity extends Activity {
private static finał String TAG = "StockOuoteClient";
Private IStockQuoteService stockService = nuli;
Private ToggleButton bindBtn;
Private Button callBtn;

'** Called when the activity is first created. */ 
@0verride
Public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState); 
setContentView(R.layout.main);

bindBtn = (ToggleButton)findViewById(R.id.bindBtn);
callBtn = (Button)findViewById(R.id.callBtn);
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public void doClick(View view) { 
switch(view.getld()) { 
case R.id.bindBtn:

if(((ToggleButton) view).isChecked()) { 
bindService(new Intent(

IStockQuoteService.class.getName()), 
serConn, Context.BIND_AUTO_CREATE);

} 
else {

unbindService(serConn); 
callBtn.setEnabled(false);

} 
break; 

case R.id.callBtn: 
callService(); 
break;

private void callService() { 
try {

double val = stockService.getOuote("ANDROID");
Toast.makeText(MainActivity.this,

"Value from service is " + val,
Toast.LENGTH_SHORT).show();

} catch (RemoteException ee) {
Log.e("MainActivity", ee.getMessage(), ee);

private ServiceConnection serConn = new ServiceConnection() {

@0verride
public void onServiceConnected(ComponentName name,

IBinder service)
{

Log.v(TAG, "onServiceConnected() called");
stockService = IStockQuoteService.Stub.asInterface(service);
bindBtn.setChecked(true);
callBtn.setEnabled(true);

)

@0verride
public void onServiceDisconnected(ComponentName name) { 

Log.v(TAG, "onServiceDisconnected() called");
bindBtn.setChecked(false);
callBtn.setEnabled(false);
stockService = nuli;

}
};
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protected void onDestroyO {
Log.v(TAG, "onDestroyO called");
if(callBtn.isEnabled())

unbindService(serConn);
super.onDestroyO;

he activity displays our layout and grabs a reference to the Cali Sen/ice button so we can 
Properly enable it when the sen/ice is running and disable it when the sen/ice is stopped.

hen the user clicks the Bind button, the activity calls the bindService() method. Similarly, 
^hen the user clicks UnBind, the activity calls the unbindService() method. Notice that 
hree parameters are passed to the bindService() method: an Intent with the name of the 
IDL sen/ice, a ServiceConnection instance, and a flag to autocreate the sen/ice.

Listing 14-17. The IStockQuoteService Sen/ice Client Layout
^ml version="l.o" encoding="utf-8"?>

This file is /res/Tayout/main.xml -->
lr|earLayout xmlns: android="http: //schemas. android. com/apk/res/android" 

android:orientation="vertical" 
android:layout_width="fill_parent" 
android:layout_height="fill_parent" >

ToggleButton android:id="@+id/bindBtn" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:textOff="Bind" android:textOn=”Unbind" 
android:onClick="doClick" />

<Button android:id="@+id/callBtn" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:text="Call Service" android:enabled="false" 
android:onClick="doClick" />

L1nearLayout>

thgh a b?und sen/ice, such as an AIDL sen/ice, you need to provide an implementation of 
s SeTviceConnection interface. This interface defines two methods: one called by the 
c s ern when a connection to the sen/ice has been established and one called when the

nection to the sen/ice has been destroyed. In our activity implementation, we define the 
Vlce^°nnection for the IStockQuoteService. When we cali the bindService() method,

est PhaSS 'n the reference t0 this (i-e-> serConn). When the connection to the sen/ice is
to th IShed’ the onServiceConnected() callback is invoked, and we then obtain a reference 

e IStockQuoteService using the Stub and enable the Cali Sen/ice button.
^ote that the bindService() cali is an asynchronous cali. It is asynchronous because the
And eSS °r service might not be running and thus might have to be created or started.
is as^ cann°t wait on the main thread for the sen/ice to start. Because bindService() 

ynchronous, the platform provides the ServiceConnection callback, so we know
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when the service has been started and when the sen/ice is no longer available. These
ServiceConnection callbacks will run on the main thread though, so they’ll have access to
the Ul components if necessary.

Please notice the onServiceDisconnected() callback. This does not get invoked when we 
unbind from the sen/ice. It is invoked if the sen/ice crashes or if Android decides to kill the 
sen/ice, for example if memory is getting low. If this callback fires, we should not think that 
we’re still connected, and we might need to reinvoke the bind$ervice() cali. That is why we 
change the status of our buttons in the Ul when this callback is invoked. But notice we said 
“we might need to reinvoke the bindService() cali.” Android could restart our sen/ice for us 
and invoke our onServiceConnected() callback. You can try this yourself by running the client, 
binding to the sen/ice, and using DDMS to do a Stop on the Stock Quote Sen/ice application.

When you run this example, watch the log messages in LogCat to get a feel for what is 
going on behind the scenes.

In our sen/ice examples thus far, we have stńctly dealt with passing simple Java primitive 
types. Android sen/ices actually support passing complex types, too. This is very useful, 
especially for AIDL sen/ices, because you might have an open-ended number of parameters 
that you want to pass to a sen/ice, and ifs unreasonable to pass them all as simple primitives. 
It makes more sense to package them as complex types and then pass them to the sen/ice.

Lefs see how we can pass complex types to sen/ices.

Passing Complex Types to Services
Passing complex types to and from sen/ices requires more work than passing Java 
primitive types. Before embarking on this work, you should get an idea of AIDL’s support for 
nonprimitive types:

■ AIDL supports String and CharSequence.

■ AIDL allows you to pass other AIDL interfaces, but you need to have 
an import statement for each AIDL interface you reference (even if the 
referenced AIDL interface is in the same package).

■ AIDL allows you to pass complex types that implement the android. 
os.Parcelable interface. You need to have an import statement in your 
AIDL file for these types.

■ AIDL supports java.util.List and java.util.Map, with a few 
restrictions. The allowable data types for the items in the collection 
include Java primitive, String, CharSequence, and android, 
os.Parcelable. You do not need import statements for List or Map, but 
you do need them for the Parcelables.

■ Nonprimitive types, other than String, require a directional indicator. 
Directional indicators include in, out, and inout. in means the value 
is set by the client, out means the value is set by the sen/ice, and 
inout means both the client and sen/ice set the value. Android avoids 
serializing the values if they’re not flowing in the indicated direction, 
which helps overall performance.
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The Parcelable interface tells the Android runtime how to serialize and deserialize objects 
during the marshalling and unmarshalling process. Listing 14-18 shows a Person class that 
lrr|plements the Parcelable interface.

Listing 14-18. Implementing the Parcelable Interface
" This file is Person.java
Package com.androidbook.services.stock2;
import android.os.Parcel;
import android.os.Parcelable;

Public class Person implements Parcelable {
private int age;
private String name;
Public static finał Parcelable.Creator<Person> CREATOR =

new Parcelable.Creator<Person>()

public Person createFromParcel(Parcel in) { 
return new Person(in);

}

public Person[] newArray(int size) { 
return new Person[size];

}
};

Public Person() {

private Person(Parcel in) { 
readFromParcel(in);

@0verride
Public int describeContents() { 

return 0;
}

@0verride
Public void writeToParcel(Parcel out, int flags) { 

out.writelnt(age);
out.writeString(name);

Public void readFromParcel(Parcel in) { 
age = in.readlnt();
name = in.readString();

Public int getAge() { 
return age;
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public void setAge(int age) { 
this.age = age;

}

public String getName() { 
return name;

}

public void setName(String name) { 
this.name = name;

}

To get started on implementing this, create a new Android Project in Eclipse called 
StockQuoteService2. For Create Activity, use a name of MainActivity, and use a package of 
com.androidbook.services.stock2. Then add the Person.java file from Listing 14-18 to the 
com.androidbook.services.stock2 package of our new project.

The Parcelable interface defines the contract for the marshalling and unmarshalling of 
objects. Underlying the Parcelable interface is the Parcel Container object. The Parcel 
class is a fast serialization/deserialization mechanism specially designed for interprocess 
communication within Android. The class provides methods that you use to flatten your 
members to the Container and to expand the members back from the Container. To properly 
implement an object for interprocess communication, we have to do the following:

1. Implement the Parcelable interface. This means that you implement 
writeToParcel() and readFromParcel(). The write method will write 
the object to the parcel, and the read method will read the object 
from the parcel. Notę that the order in which you write properties 
must be the same as the order in which you read them.

2. Add a static finał property to the class with the name CREATOR. The 
property needs to implement the android.os.Parcelable.Creator<T> 
interface.

3. Provide a constructor for the Parcelable that knows how to create 
the object from the Parcel.

4. Define a Parcelable class in an .aidl file that matches the . java file 
containing the complex type. The AIDL compiler will look for this file 
when compiling your AIDL files. An example of a Person.aidl file 
is shown in Listing 14-19. This file should be in the same place as 
Person.java.
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Notę Seeing Parcelable might have triggered the guestion, why is Android not using the 
built-in Java serialization mechanism? It turns out that the Android team came to the conclusion 
that the serialization in Java is far too slow to satisfy Android’s interprocess-communication 
reguirements. So the team built the Parcelable solution. The Parcelable approach requires 
that you explicitly serialize the members of your class, but in the end, you get a much faster 
serialization of your objects.

Also realize that Android provides two mechanisms that allow you to pass data to another process. 
The first is to pass a bundle to an activity using an intent, and the second is to pass a Parcelable 
to a sen/ice. These two mechanisms are not interchangeable and should not be confused. That is, 
the Parcelable is not meant to be passed to an activity. If you want to start an activity and pass it 
some data, use a Bundle. Parcelable is meant to be used only as part of an AIDL definition.

'Sting 14-19. An Example ofa Person.aidl File
11 This file i$ Person.aidl
Package com.androidbook.services.stockZ;
Parcelable Person;

^Ou will need an .aidl file for each Parcelable in your project. In this case, we have just one 
. arcelable, which is Person. You may notice that you don’t get a Person. java file created 
ln the gen folder. This is to be expected. We already have this file from when we created it 
Dreviously.
N°w, let’s use the Person class in a remote service. To keep things simple, we will modify 
°Ur lStockQuoteService to take an input parameter of type Person. The idea is that clients 
'' Pass a Person to the sen/ice to tell the sen/ice who is requesting the quote. The new 
tockQuoteService.aidl looks like Listing 14-20.

listing 14-20. Passing Parcelables to Services

This file is IStockQuoteService.aidl
j c a^e com-anPr°idbook.services.stockZ;

P°rt com.androidbook.services.stockZ.Person;

^terface IStockQuoteService

j String getQuote(in String ticker,in Person requester);

Thp le getQuote() method now accepts two parameters: the stock’s ticker symbol and a 
$erson object to specify who is making the request. Notę that we have directional indicators 

h the parameters because the parameters include nonprimitive types and that we have an 
s Port statement for the Person class. The Person class is also in the same package as the 
ervice definition (com.androidbook.services.stock2).
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The sen/ice implementation now looks like Listing 14-21, with the MainActivity layout in 
Listing 14-22.

Listing 14-21. The Stock0uoteService2 Implementation
package com.androidbook.sen/ices.stock2;
// This file is StockQuoteService2.java

import android.app.Notification;
import android.app.NotificationManager;
import android.app.Pendinglntent;
import android.app.Sen/ice;
import android.content.Intent;
import android.os.IBinder;
import android.os.RemoteException;

public class StockOuoteService2 extends Sen/ice 
{

private NotificationManager notificationMgr;

public class StockOuoteSen/icelmpl extends IStockQuoteService.Stub 
{

public String getQuote(String ticker. Person requester) 
throws RemoteException {

return "Hello " + requester.getName() +
"I Ouote for " + ticker + " is 20.0";

}
}

@0verride
public void onCreate() { 

super.onCreate();

notificationMgr =
(NotificationManager)getSystemService(NOTIFICATION_SERVICE);

displayNotificationMessage(
"onCreate() called in StockOuoteService2"); 

}

@0verride
public void onDestroyO 
{

displayNotificationMessage(
"onDestroyO called in Stock0uoteService2");

II Clear all notifications from this sen/ice
notificationMgr.cancelAll();
super. onDestroyO;

}



CHAPTER 14: Building and Consuming Services 299

@Override
public IBinder onBind(Intent intent) 
{

displayNotificationMessage(
"onBind() called in Stock0uoteService2");

return new StockOuoteServiceImpl();
}

private void displayNotificationMessage(String message) 
{

Pendinglntent contentlntent = ................
PendingIntent.getActivity(this, O, new Intent(this, MainActivity.class), ),

Notification notification = new NotificationCompat.Builder(this)
.setContentTitle("StockQuoteService2")
.setContentText(message)
.setSmalllcon(R.drawable.emo_im_happy)
.setTicker(message)
// .setLargelcon(aBitmap)
.setContentlntent(contentlntent)
.setOngoing(true)
.build();

notificationMgr.notify(R.id.app_notification_id, notification),

listing 14-22. The Stock0uoteService2 Layout
^rnl version="l.o" encoding="utf-8"?>

This file is /res/layout/main.xml -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent" >

<TextView
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:text="This is where the service could ask for help." />

<zLinearLayout>

differences between this implementation and the previous one are that we brought 
ack the notifications, and we now return the stock value as a string and not a double. The 

string returned to the user contains the name of the requester from the Person object, which 
ernonstrates that we read the value sent from the client and that the Person object was 

Passed correctly to the sen/ice.

http://schemas.android.com/apk/res/android
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There are a few other things that need to be done to make this work:

1. Find the emo_im_happy.png image file from under Android 
SDK/platforms/android-19/data/res/drawable-mdpi, and copy it to 
the /res/drawable directory of our project. Or change the name of 
the resource in the code, and put whatever image you want in the 
drawables folder.

2. Add a new <item type="id" name="app_notification_id"/> tag to the /res/values/strings.xml file.
3. We need to modify the application in the AndroidMani-fest.xml file as 

shown in Listing 14-23.

Listing 14-23. Modified <application> inAndroidManifest.xml File forStockOuoteService2

<?xml version="l.O" encoding="utf-8"?>
cmanifest xmlns:android=”http://schemas.android.com/apk/res/android" 

package="com.androidbook.services.stock2"
android:versionCode="l"
android:versionName="l.0">

<uses-sdk android:minSdkVersion="8" />
<application android:icon="@drawable/icon" 

android:label="@string/app_name">
<activity android:name=".MainActivity" 

android:label="@string/app_name” 
android:launchMode="singleTop" > 

<intent-filter>
<action android:name="android.intent.action.MAIN" /> 

</intent-filter>
</activity>

<service android:name="Stock0uoteService2">
<intent-filter>

caction android:name="com.androidbook.services.stock2.IStockQuoteService" /> 
</intent-filter>

</service>
</application>

</manifest>

While it is OK to use the dot notation for our android: name=" .MainActivity" attribute, it is 
not OK to use dot notation inside of our <action> tag inside the service’s <intent-filter> 
tag. We need to spell it out; otherwise, our client will not find the sen/ice specification.

Last, we’ll use the default MainActivity.java file that simply displays a basie layout with 
a simple message. We showed you earlier how to launch to the activity from a notification' 
This activity would serve that purpose also in real life, but for this example, we’ll keep that 
part simple. Now that we have our sen/ice implementation, let’s create a new Android pf°Je 
called Stock0uoteClient2. Use com.dave for the package and MainActivity for the activity 
name. To implement a client that passes the Person object to the sen/ice, we need to copy 
everything that the client needs from the sen/ice project to the client project. There needs 
to be a new sre package called com.androidbook.sen/ices.stock2 to receive these copied 

%25e2%2580%259dhttp://schemas.android.com/apk/res/android
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files. In our previous example, all we needed was the IStockQuoteService.aidl file. We also 
need to copy the Person.java and Person.aidl files, because the Person object is now part 
°f the interface. After you copy these three files to the com.androidbook.services.stock2 
$rc package of the client project, modify main.xml according to Listing 14-24, and modify 
ainActivity. java according to Listing 14-25. Or simply import this project from the source 

c°de on our web site.

Listing 14-24. Updated ma in.xml forStockQuoteClient2
<?xml version="i.o" encoding="utf-8"?>
<-7 This file is /res/layout/main.xml -->
< lr>earLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent" >

<T°ggleButton android:id="@+id/bindBtn"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textOff="Bind" android:textOn="Unbind" 
android:onClick="doClick" />

<Button android:id="@+id/callBtn"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Call Service" android:enabled="false" 
android:onClick="doClick" />

LinearLayout>

Listing 14-25, Calling the Service with a Parcelable

Package com.dave;
. This file is MainActivity.java
JmPort com.androidbook.services.stock2.IStockQuoteService;

mPort com.androidbook.services.stock2.Person;

Public class MainActivity extends Activity {

Protected static finał String TAG = "Stock0uoteClient2";
Private IStockQuoteService stockService = nuli;
private ToggleButton bindBtn;
private Button callBtn;

z** Called when the activity is first created. */ 
@0verride
Public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

}

bindBtn = (ToggleButton)findViewById(R.id.bindBtn);
callBtn = (Button)findViewById(R.id.callBtn);

http://schemas.android.com/apk/res/android


302 CHAPTER 14: Building and Consuming Senrices

public void doClick(View view) { 
switch(view.getld()) { 
case R.id.bindBtn:

if(((ToggleButton) view).isChecked()) { 
bindService(new Intent(

IStockQuoteService.class.getName()), 
serConn, Context.BIND_AUTO_CREATE);

} 
else {

unbindService(serConn); 
callBtn.setEnabled(false);

} 
break; 

case R.id.callBtn: 
callService(); 
break;

private void callService() {
try {

Person person = new Person();
person.setAge(47);
person.setName("Dave");
String response = stockService.getQuote("ANDROID", person);
Toast.makeText(MainActivity.this,

"Value from service is "+response,
Toast.LENGTH_SHORT).show();

} catch (RemoteException ee) {
Log.e("MainActivity", ee.getMessage(), ee);

private ServiceConnection serConn = new ServiceConnection() {

@0verride
public void onServiceConnected(ComponentName name,

IBinder service) 
{

Log.v(TAG, "on5erviceConnected() called");
stockService = IStockQuoteService.Stub.asInterface(service);
bindBtn.setChecked(true);
callBtn.setEnabled(true);

}

@0verride
public void onServiceDisconnected(ComponentName name) {

Log.v(TAG, "onServiceDisconnected() called");
bindBtn.setChecked(false);
callBtn.setEnabled(false);
stockService = nuli;

}
};
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protected void onDestroyO { 
if(callBtn.isEnabled())

unbindService(serConn);
super.onDestroyO;

This is now ready to run. Remember to send over the sen/ice to the device or emulator 
before you send over the client to run. The user interface should look like Figure 14-1.

F'gure 14.1 . user jnterface ofStock0uoteClient2

bet’s take a look at what we’ve got. As before, we bind to our sen/ice, and then we can 
lnvoke a sen/ice method. The onServiceConnected() method is where we get told that our 
sen/ice is running, so we can then enable the Cali Sen/ice button so the button can invoke 
he callservice() method. As shown, we create a new Person object and set its Age and 
ame properties. We then execute the sen/ice and display the result from the sen/ice cali, 
he result looks like Figure 14-2.

Value from servlce Is Hello Dave! Quote 
for ANDROID IS20.0

figure 14-2. Result from calling the sen/ice with a Porcelable

Notice that when the sen/ice is called, you get a notification in the status bar. This is coming 
rorn the sen/ice itself. We briefly touched on Notifications earlier as a way for a sen/ice to 

Cornmunicate to the user. Normally, sen/ices are in the background and do not display any 
s°rt of (JL But what if a sen/ice needs to interact with the user? While ifs tempting to think that 
a sen/ice can invoke an activity, a sen/ice should never invoke an activity directly. A sen/ice 
should instead create a notification, and the notification should be how the user gets to the 
. ®sired activity. This was shown in our last exercise. We defined a simple layout and activity 
lrriPlementation for our sen/ice. When we created the notification within the sen/ice, we set the 
activity in the notification. The user can touch the notification, and it will take the user to our 
activity that is part of this sen/ice. This will allow the user to interact with the sen/ice.
Notifications are saved so that you can get to them by pulling down from the status bar to 
See them. Notę the fact that we reuse the same ID for every message. This means that we 
are updating the one and only notification every time, rather than creating new notification 
er>tries. Therefore, if you go to the Notifications screen in Android after clicking Bind,
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Cali Again, and Unbind a few times, you will only see one message in Notifications, and it
will be the last one sent by StockQuoteService2. If we used different IDs, we could have
multiple notification messages, and we could update each one separately. Notifications can
also be set with additional user “prompts” such as sound, lights, and/or vibration.

It is also useful to see the artifacts of the sen/ice project and the client that calls it 
(see Figurę 14-3).
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Figurę 14-3. The artifacts of the sen/ice and the client

Figurę 14-3 shows the Eclipse project artifacts for the sen/ice (left) and the Client (right). 
Notę that the contract between the client and the sen/ice consists of the AIDL artifacts and 
the Parcelable objects exchanged between the two parties. This is the reason that we see 
Person. java, IStockQuoteService.aidl, and Person.aidl on both sides. Because the AlDL 
compiler generates the Java interface, stub, proxy, and so on from the AIDL artifacts, the 
build process creates the IStockQuoteService. java file on the client side when we copythe 
contract artifacts to the client project.
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Now you know how to exchange complex types between sen/ices and clients. Let’s briefly 
°uch on another important aspect of calling sen/ices: synchronous versus asynchronous 

Service invocation.
AU of the calls that you make on sen/ices are synchronous. This brings up the obvious 
Auestion: Do you need to implement all of your sen/ice calls in a worker thread? Not 
necessarily. On most other platforms, ifs common for a client to use a sen/ice that is a 
Complete black box, so the client would have to take appropriate precautions when making 
Service calls. With Android, you will likely know what is in the sen/ice (generally because 
you wrote the sen/ice yourself), so you can make an informed decision. If you know that the 
method you are calling is doing a lot of heavy lifting, you should consider using a secondary 
^ad to make the cali. If you are surę that the method does not have any bottlenecks, you 

can safely make the cali on the Ul thread. If you conclude that ifs best to make the sen/ice 
cali within a worker thread, you can create the thread and then cali the sen/ice. You can then 
communicate the result to the Ul thread.

Messengers and Handlers
^here is one more way to communicate with a sen/ice in Android, and that is with Messengers 
acd Handlers. This mechanism is built on top of AIDL sen/ices, but without you having to see or 
deal with AIDL. Like AIDL sen/ices, you use it when the sen/ice is in a separate process from the 
client. Both the client and the sen/ice will implement a Messenger and a Handler, and proceed 
0 send messages back and forth. You don’t need to specify any .aidl files; everything is coded 

ln your Java classes. This is a fairly common way to do inter-process sen/ice calls on Android, 
ar|d is significantly easier than messing with AIDL yourself.
jdere s a quick overview of how it works. The client binds to the sen/ice, and sets up a 

essenger and Handler to receive responses from the sen/ice. A callback within the Handler 
a es care of messages sent back by the sen/ice. The client also creates a Messenger to 
er>d messages to the sen/ice. On the sen/ice side, there’s a similar Messenger and Handler 

receive the incoming messages from clients. A message coming in from a client includes 
Messenger to use for any replies to that client. Therefore, the sen/ice creates only one 
essenger while a Client creates two. The client side is asynchronous, with the sen/ice 

tLSP°nse coming later. A problem with the sen/ice cali generates a RemoteException that 
e client can capture and act upon.

Let s see an example of how this works. This sample application has two parts: a 
essengerCIient and a MessengerSen/ice. They will run as separate processes on a 

®vice. The client will use a non-UI fragment to contain the sen/ice client connection. This 
eans the client activity can go away and be recreated due to a configuration change, 

to d the underlying sen/ice connection remains in place. This is a preferred way to connect 
a service from an activity sińce you don’t want to have to reconstruct the sen/ice client 

Or,nection just because the device has been rotated for example. Listing 14-26 shows the 
! 9nificant codę from MessengerSen/ice.java to set up the Handler and Messenger. For a fuli 

ln9, refer to the MessengerSen/ice source project for this chapter.
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Listing 14-26. Messenger/Handler-Based Sen/ice Code
public class MessengerService extends Service {

NotificationManager mNM;
ArrayList<Messenger> mClients = new ArrayList<Messenger>();
int mValue = 0;
public static finał int MSG_REGISTER_CLIENT = 1;
public static finał int MSG_UNREGISTER_CLIENT = 2;
public static finał int MSG_SET_SIMPLE_VALUE = 3;
public static finał int MSG_SET_COMPLEX_VALUE = 4;
public static finał String TAG = "MessengerService"; 
/**

* Handler of incoming messages from clients.
*/

class IncomingHandler extends Handler {
@0verride
public void handleMessage(Message msg) {

switch (msg.what) {
case MSG_REGISTER_CLIENT:

mClients.add(msg.replyTo);
Log.v(TAG, "Registering client");
break;

case MSG_UNREGISTER_CLIENT:
mClients.remove(msg.replyTo);
Log.v(TAG, "llnregistering client");
break;

case MSG_SET_SIMPLE_VALUE:
mValue = msg.argl;
Log.v(TAG, "Receiving argl: " + mValue);
showNotification("Received argl: " + mValue);
for (int i=mClients.size()-l; i>=0; i--) { 

try {
mClients.get(i).send(Message.obtain(nuli, 

MSG_SET_SIMPLE_VALUE, mValue, 0));
} catch (RemoteException e) {

II The client is dead. Remove it from the list;
II we are going through the list from back to front 
// so this is safe to do inside the loop.
mClients.remove(i);

}
}
break;

case MSG_SET_COMPLEX_VALUE:
Bundle mBundle = msg.getData();
Log.v(TAG, "Receiving bundle: ");
if(mBundle != nuli) {

showNotification("Got complex msg: myDouble = "
+ mBundle.getDouble("myDouble"));

for(String key : mBundle.keySet()) {
Log.v(TAG, " " + key);

} 
} 
break;
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default:
Log.v(TAG, "Got some other message: " + msg.what);
super.handleMessage(msg);

}
} 

}

II Target for clients to send messages to IncomingHandler.
finał Messenger mMessenger = new Messenger(new IncomingHandler());

@0verride
public void onCreate() {

mNM = (NotificationManager)getSystemService(NOTIFICATION_SERVICE);

II Display a notification about us starting.
Log.v(TAG, "Service is starting");
showNotification(getText(R.string.remote_service_started)); 

)

@0verride
public void onDestroy() {

// Cancel the persistent notification.
mNM.cancel(R.string.remote_service_started);

// Tell the user we stopped.
Toast.makeText(this, R.string.remote_service_stopped, Toast.LENGTH_SHORT).show(); 

}

/**
* When binding to the sen/ice, we return an interface to our messenger
* for sending messages to the service.
*/

@0verride
public IBinder onBind(Intent intent) {

return mMessenger.getBinder();
}
/**

* Show a notification while this service is running. Notę that
* we don't include an intent sińce we're just a sen/ice here. The
* sen/ice stops when the client tells it to.
*/

private void showNotification(CharSequence text) {
Notification notification = new NotificationCompat.Builder(this)

.setContentTitle("MessengerService")

.setContentText(text)

.setSmallIcon(android.R.drawable.ic_dialog_info)

.setTicker(text)

.setOngoing(true)

.build();

mNM.notify(R.string.remote_service_started, notification);
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In this sample, clients register with the sen/ice, unregister with the sen/ice, send a simple 
message, or send a complex message. When a client registers, the sen/ice remembers it by 
saving the passed-in client Messenger (i.e., msg.replyTo) in mClients. If a simple message 
is received, the sen/ice sends a copy of the received argument value to all known clients. 
Notice how replies are sent to each client using the Messengers in mClients that came from 
each client. The Message’s what field is just an int to indicate what sen/ice operation is being 
called. Based upon the what operation, the sen/ice will extract the appropriate arguments. 
Since a Message object has two int arguments available, the simple case uses just one of 
those Message fields. When morę complex data must be sent, a Bundle object is created, 
populated, and attached to the Message for transmission to the sen/ice.

Be aware that a sen/ice has a 1 MB buffer for passed data (in and out) for all in-process sen/ice 
calls, so you’ll want to keep Message data to a minimum. If there are a lot of simultaneous 
sen/ice calls, you could exceed the buffer and get a TransactionTooLargeException.

On the client side, there’s a MainActivity and a ClientFrag (the non-UI fragment). For 
simplicity’s sake the activity provides the Ul to the user without using a Ul fragment. Listing 
14-27 shows the MainActivity. For a fuli listing of the project, please see the MessengerCIient 
project for this chapter.

Listing 14-27. Messenger/Handler-Based Client Activity Code
public class MainActivity extends FragmentActivity implements ISampleServiceClient {

protected static finał String TAG = "MessengerClient";
private TextView mCallbackText;
private ClientFrag clientFrag;

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);

mCallbackText = (TextView)findViewById(R.id.callback);

II Get a non-UI fragment to handle the service interface.
// If our activity gets destroyed and recreated, the fragment
II will still be around and we just need to re-fetch it.
if((clientFrag = (ClientFrag) getSupportFragmentManager() 

.findFragmentByTag("clientFrag")) == nuli) { 
updateStatus("Creating a clientFrag. No service yet."); 
clientFrag = ClientFrag.getlnstance();
getSupportFragmentManager().beginTransaction() 

.add(clientFrag, "clientFrag") 

.commit();
}
else { 

updateStatus("Found existing clientFrag, will use it");

}
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public void doClick(View view) { 
switch(view.getld()) {
case R.id.startBtn:

clientFrag.doBindService();
break;

case R.id.stopBtn:
clientFrag.doUnbindService();
break;

case R.id.simpleBtn:
clientFrag.doSendSimple();
break;

case R.id.complexBtn:
clientFrag.doSendComplex();
break;

@0verride
public void updateStatus(String status) { 

mCallbackText.setText(status);

Notice how there’s no mention of a service in this activity, just a TextView, buttons, and 
a Client fragment. The updateStatus() method is as a result of the ISampleServiceClient 
interface that this activity implements, and all it needs to do is set the text in the Ul as 
Passed in. The buttons simply invoke a method of the client fragment. In a real application, 
there would be more business and Ul logie in this activity or in other fragments that are 
separate from the sen/ice cali.
The client fragment is where the fun is. Listing 14-28 shows the codę from the client 
fragment.

Listing 14-28. MessengerIHandler-Based Client Fragment Codę
Public class ClientFrag extends Fragment {

private static finał String TAG = "MessengerClientFrag";
static private ClientFrag mClientFrag = nuli;
// application context will be used to bind to the sen/ice because
U fragments can't bind and activities can go away. 
private Context appContext = nuli;

// Messenger for sending to service.
Messenger mService = nuli;
II Flag indicating whether we have called bind on the sen/ice. 
boolean mlsBound;

// Instantiation method for the client fragment. We just want one
II and we use setRetainlnstance(true) so it hangs around during 
U configuration changes.
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public static ClientFrag getlnstance() {
if (mClientFrag == nuli) {

mClientFrag = new ClientFragO;
mClientFrag.setRetainlnstance(true);

}
return mClientFrag;

)

II Handler for response messages from the seryice 
class IncomingHandler extends Handler { 

@0verride
public void handleMessage(Message msg) {

switch (msg.what) {
case MessengerService.MSC_SET_SIMPLE_VALUE: 

updateStatus("Received from seryice: " + msg.argl); 
break;

default:
break;

}
super.handleMessage(msg);

}
}

II Need a Messenger to receive responses. Send this with the
U Messages to the seryice.
finał Messenger mMessenger = new Messenger(new IncomingHandler());

private ServiceConnection mConnection = new ServiceConnection() { 
public void onServiceConnected(ComponentName className, 

IBinder seryice) {
U This is called when the connection with the seryice has been 
// established, giving us the seryice object we can use to 
U interact with the seryice. We are communicating with our 
// seryice through a Messenger, so get a client-side
II representation of that from the raw seryice object. 
mService = new Messenger(seryice);
updateStatus("Attached.");

// We want to monitor the seryice for as long as we are
II connected to it. This is not strictly necessary. You
II do not need to register with the seryice before using 
U it. But if this failed you'd have an early warning. 
try {

Message msg = Message.obtain(null, 
MessengerService.MSC_RECISTER_CLIENT);

msg.replyTo = mMessenger;
mService.send(msg);

} catch (RemoteException e) {
// In this case the seryice has crashed before we could even 
II do anything with it; we can count on soon being
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II disconnected (and then reconnected if it can be restarted) 
// so there is no need to do anything here.
Log.e(TAG, "Could not establish a connection to the service: " + e); 

}
}

public void onServiceDisconnected(ComponentName className) {
II This is called when the connection with the service has been 
// unexpectedly disconnected -- that is, its process crashed. 
mService = nuli;
updateStatus( "Disconnected.");

} 
};

Public void doBindService() {
II Establish a connection with the service. We use the String name 
// of the service sińce it exists in a separate process and we do 
II not want to require the service jar in the client. We also grab 
// the application context and bind the service to that sińce the
II activity context could go away on a configuration change but the 
// application context will always be there.
appContext = getActivity().getApplicationContext();
if(m!sBound = appContext.bindService(

new Intent("com.androidbook.messengerservice.MessengerService"), 
mConnection, Context.BIND_AUTO_CREATE)

) {
updateStatus("Bound to service.");

}
else {

updateStatus("Bind attempt failed.");

Public void doUnbindService() {
if (mlsBound) {

II If we have received the service, and hence registered with
II it, then now is the time to unregister. Notę that the
II replyTo value is only used by the service to unregister
// this client. No response message will come back to the client.
if (mService != nuli) { 

try {
Message msg = Message.obtain(null,

MessengerService.MSG_UNREGISTER_CLIENT);
msg.replyTo = mMessenger;
mService.send(msg);

} catch (RemoteException e) {
II There is nothing special we need to do if the service 
II has crashed.

}
}
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II Detach our existing connection.
appContext.unbindService(mConnection);
mlsBound = false;
updateStatus("Unbound.");

}
}

// If you can simplify and send only one or two integers, this
II is the easy way to do it.
public void doSendSimple() { 

try {
Message msg = Message.obtain(null,

MessengerService.MSG_SET_SIMPLE_VALUE, this.hashCode(), 0);
m$ervice.send(msg);
updateStatus("Sending simple message.");

} catch (RemoteException e) {
Log.e(TAG, "Could not send a simple message to the service: " + e); 

}
}

II If you have more complex data, throw it into a Bundle and
II add it to the Message. Can also pass Parcelables if you like.
public void doSendComplex() { 

try {
Message msg = Message.obtain(null,

MessengerService.MSG_SET_COMPLEX_VALUE);
Bundle mBundle = new Bundle();
mBundle.putString("stringArg", "This is a string to pass");
mBundle.putDouble("myDouble", 1138L);
mBundle.putlnt("mylnt", 42);
msg.setData(mBundle);
mService.send(msg);
updateStatus("Sending complex message.");

} catch (RemoteException e) {
Log.e(TAG, "Could not send a complex message to the service: " + e); 

}
}

private void updateStatus(String status) {
// Make surę the latest status is updated in the GUI, which
// is handled by the parent activity.
ISampleServiceClient uiContext = (ISampleServiceClient) getActivity();
if(uiContext != nuli) {

uiContext.updateStatus(status);
}
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The client fragment codę is fairly straightforward. When the user clicks the Bind Sen/ice 
button, the client fragment binds to the remote sen/ice and sets up the Sen/iceConnection. 
Binding is done from the application context. This is preferred because fragments can’t 
bind sen/ices, but activities and applications can. However, because the activity could go 
aWay during a configuration change, ifs better to bind to the application which will always 
be there. When the Sen/iceConnection gets connected, an outgoing Messenger is set up 
to send the MSG_REGISTER_CLIENT register client message to the sen/ice. The client 
boes not wait for a reply from the sen/ice but does go back to waiting for the usefs next 
interaction. This prevents the dreaded ANR pop-up. Pressing Send Simple creates a simple 
Tessage and sends it.
Bor a simple message, the sen/ice does a reply message which is received by the clienfs 
handler and processed. All the client handler does is update the TextView with the value 
received from the sen/ice. Notice that the client fragment uses the parent activity’s 
iSampleSen/iceClient interface to cali an appropriate method to update the Ul. This is 
because the client fragment is non-UI and we would prefer not to embed Ul logie within it. 

interface keeps the client fragment separate from the activity and makes it easy to let
*he activity go away and come back during a configuration change. Pressing Send Complex 
Creates a message with a bundle containing several different values, which is sent to the 
service. The sen/ice will use the double value in a notification to prove that the value was 
Properly transmitted from client to sen/ice. The sen/ice does not send a reply message for 
the complex message.

One thing to be aware of with this mechanism for inter-process sen/ice calls: the service’s 
handler is working from a queue of incoming messages and is therefore single-threaded by 
bsfault. There will not be multiple threads processing the incoming sen/ice messages unless 
V°u create some yourself. Since the client is not blocking on a reply from the sen/ice, a client 
aPplication would not crash if the sen/ice took a while to respond to a message. However, 
't Would be something to keep in mind if you’II have multiple clients of the sen/ice. AIDL 
s®rvices can more easily handle requests simultaneously, so it might be a better choice if 
Vou need more predictable response times.

your client is sending messages to multiple sen/ices, you could use a single Messenger/ 
handler pair to process reply messages from those sen/ices. You just have to put that same 
^essenger into each outbound Message and each sen/ice should reply back.

The other thing to be aware of is that the client has no guarantee that the sen/ice will ever 
respond. There are no timeouts inherent in a Messenger/Handler interaction. You will be 
botified through onServiceDisconnected() if the sen/ice dies, but not if it hangs or takes 
°° long. Therefore, to be surę that the sen/ice responds in a timely fashion, the client could 
choose to set a timer, or an alarm to wake it up again. If the reply comes back before the 
lrr,or/alarm goes off, the client handler could elear it. If the timer/alarm wakes up the Client, it 

Teans the sen/ice took too long and the client could then take appropriate action.
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References
Here are some helpful references to topics you may wish to explore further:

■ : A list of downloadable 
projects related to this book. For this chapter, look for a ZIP file called 
ProAndroid5_Chl4_Services.zip. This ZIP file contains all projects from 
this chapter, listed in separate root directories. There is also a README. 
TXT file that describes exactly how to import projects into your IDE from 
one of these ZIP files.

www.androidbook.com/proandroid5/projects

■ : 
Great tutorials on using the HttpClient classes, including authentication 
and the use of cookies.

http://hc.apache.org/httpcomponents-client-ga/tutorial/html/

■ . 
html: Android Developer Guide on Bound Śervices.
http://developer.android.com/guide/components/bound-services

Summary
This chapter was all about services, specifically:

■ We talked about consuming external HTTP services using the Apache 
HttpClient.

■ With regard to using the HttpClient, we showed you how to do HTTP 
GET calls and HTTP POST calls.

■ We also showed you how to do multipart POSTs.

■ You learned that SOAP can be done from Android, but ifs not the 
preferred way to cali web sen/ices.

■ We talked about how you could set up an Internet proxy to manage a 
SOAP sen/ice on your application’s behalf from a sen/er somewhere, so 
your application can use RESTful sen/ices to your proxy and keep the 
application simpler.

■ We then covered exception handling and the likely types of exceptions 
that your application is likely to experience (timeouts mostly).

■ You saw how to use the ThreadSafeClientConnManager to share a 
common HttpClient inside your application.

■ You learned how to check and set timeout values for connections to the 
network.

■ We covered a couple of options for making connections to web 
sen/ices, including HttpURLConnection and AndroidHttpClient.

http://www.androidbook.com/proandroid5/projects
http://hc.apache.org/httpcomponents-client-ga/tutorial/html/
http://developer.android.com/guide/components/bound-services
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■ We explained the difference between local sen/ices and remote sen/ices.
Local sen/ices are sen/ices that are consumed by the components (such
as activities) in the same process as the sen/ice. Remote sen/ices are
sen/ices whose clients are outside the process hosting the sen/ices.

■ You learned that even though a sen/ice is meant to be on a separate 
thread, it is still up to the developer to create and manage the 
background threads associated with sen/ices.

■ You discovered how to start and stop local sen/ices, and how to create 
and bind to a remote sen/ice.

■ You saw how the NotificationManager is used to track running sen/ices.

■ We covered how to pass data to a sen/ice, using Parcelables for the 
complex types.

■ You learned how to use Messengers and Handlers to cali remote 
sen/ices.



Advanced AsyncTask and
Progress Dialogs

Chapter

ln Chapter 13, we covered handlers and worker threads to run long-running tasks while the 
•nain thread kept the Ul house in order. Android SDK has recognized this as a pattern and 
abstracted the handler and thread details into a utility class called AsyncTask. You can use 
AsyncTask to run tasks that take longer than five seconds in the context of Ul. (We will cover 
how to run really long-running tasks, ranging from minutes to even hours, through 
‘Long-Running Receivers and Services” in Chapter 16.)

This chapter will start with the basics of an AsyncTask and move to the code needed to 
Present progress dialogs and progress bars that show the status of an AsyncTask correctly 
even if the device changes its configuration. Let’s start by introducing the AsyncTask through 
Pseudocode in Listing 15-1.

Listing 15-1. Usage Pattern for an AsyncTask byanActivity
Public class MyActivity {

void respondToMenuItem() { //menu handler 
performALongTask();

} .
void performALongTask() ( //using an AsyncTask

//Derive from an AsyncTask, and Instantiate this AsyncTask 
MyLongTask myLongTask = new MyLongTask(...CallBackObjects...); 
myLongTask.execute(...someargs..//start the work on a worker thread 
//have the main thread get back to its UI business

//Hear back from the AsyncTask
void someCallBackFromAsyncTask(SomeParameterizedType x) {

//Although invoked by the AsyncTask this code runs on the main thread. 
//report back to the user of the progress

317
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Use of an AsyncTask starts with extending from AsyncTask first like the MyLongTask in 
Listing 15-1. Once you have the AsyncTask object instantiated, you can cali execute() method 
on that object. The execute() method internally starts a separate thread to do the actual work. 
The AsyncTask implementation will in turn invoke a number of callbacks to report the beginning 
of the task, the progress of the task, and the end of the task. Listing 15-2 shows pseudocode 
to extend an AsyncTask and the methods that need to be overridden. (Please notę that this is 
pseudocode and not intended to be compiled. The @override annotation is added to explicitly 
state that they are overridden from the base class.)

Listing 15-2. Extending an AsyncTask: An Example
public class MyLongTask extends AsyncTask<String,Integer,Integer> {

U... constructors stuff
//Calling execute() will result in calling all of these methods 
@Override
void onPreExecute(){} //Runs on the main thread

//This is where you do all the work and runs on the worker thread 
@Override
Integer dolnBackground(String... params){}

//Runs on the main thread again once it finishes
@Override
void onPostExecute(Integer result){}

//Runs on the main thread
@Override
void onProgressUpdate(Integer... progressValuesArray){) 
//....other methods

}

execute() method in Listing 15-1 is called on the main thread. This cali will trigger a series 
of methods in Listing 15-2, starting with onPreExecute(). The onPreExecute() is called on 
the main thread as well. You can use this method to set up your environment to execute 
the task. You can also use this method to set up a dialog box or initiate a progress bar to 
indicate to the user that the work has started. After the completion of the onPreExecute()> 
execute() method will return and the main thread of the activity continues with its Ul 
responsibilities. By that time the execute() would have spawned a new worker thread so 
that do!nBackground() method is scheduled to be executed on that worker thread. You will 
do all your heavy lifting in this do!nBackground() method. As this method runs on a worker 
thread, the main thread is not affected and you will not get the “application not responding” 
message. From the do!nBackground() method you have a facility (you will see this shortly)t0 
cali the onProgressUpdate() to report the progress. This onProgressUpdate() method runs 
on the main thread so that you can affect the Ul on the main thread.
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Essentials of a Simple AsyncTask
Let’s get into the details of extending the AsyncTask. The AsyncTask class uses generics to 
Provide type safety to its methods, including the overridden methods. You can see these 
generics when you look at the partial definition (Listing 15-3) of the AsyncTask class. (Please 
note that Listing 15-3 is an extremely pruned-down version of the AsyncTask class. It’s really 
just the elements of its interface most commonly used by Client codę.)

Listing 15-3. A Quick Look at the AsyncTask Class Definition
Public class AsyncTask<Params, Progress, Result> {

//A client will cali this method
AsyncTask<Params, Progress, Result> execute(Params... params);

//Do your work here. Freąuently triggers onProgressllpdate()
Result do!nBackGround(Params... params);

//Callback: After the work is complete
void onPostExecute(Result result);

//Callback: As the work is progressing
void onProgressUpdate(Progress... progressValuesArray);

Studying Listing 15-3, you can see that the AsyncTask (through generics) needs the following 
three parameterized types (Params, Progress, and Result) when you extend it. Let’s explain 
these types briefly:

■ Params (The type of parameters to the execute() method): When 
extending AsyncTask, you will need to indicate the type of parameters 
that you will pass to the execute() method. If you say your Params type 
is String, then the execute() method will expect any number of strings 
separated by commas in its invocation such as execute(sl,s2,s3) or 
execute(sl,s2,s3,s4,s5).

■ Progress (Parameter types to the progress callback method): This 
type indicates the array of values passed back to the caller while 
reporting progress through the callback onProgressllpdate(Progress... 
progressValuesArray). The ability to pass an array of progress values 
allows situations where multiple aspects of a task can be monitored and 
reported on. For example, this feature could be used if an AsyncTask is 
working on multiple subtasks.

■ Result (Type used to report the result through onPostExecute() 
method): This type indicates the type of the return value that is sent 
back as the finał result from the execution through the callback 
onPostExecute(Result finalResult).

Knowing now the needed generic types for an AsyncTask, suppose we decide on the 
following parameters for our specific AsyncTask: Params: A String, Result: An int, 
Pr°gress: An Integer. Then, we can declare an extended AsyncTask class as shown in 
listing 15-4.
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Listing 15-4. Extending the Generic AsyncTask Through Concrete Types

public class MyLongTask
extends AsyncTaskcString,Integer,Integer> 

{
//...other constructors stuff
//...other methods
//Concrete methods based on the parameterized types
protected Integer doInBackground(String... params);
protected void onPostExecute(Integer result);
protected void onProgressUpdate(Integer... progressValuesArray);

//....other methods
}

Notice how this concrete class in Listing 15-4, MyLongTask, has disambiguated the type 
names and arrived at function signatures that are type safe.

Implementing Your First AsyncTask
Let's now look at a simple, but complete, implementation of MyLongTask. We have amply 
commented the code in Listing 15-5 inline to indicate which methods run on which thread. 
Also pay attention to the constructor of MyLongTask where it receives object references of the 
calling context (usually an activity) and also a specific simple interface such as IReportBack 
to log progress messages.

The IReportBack interface is not critical to your understanding because it is merely a 
wrapper to a log. Same is true with the Utils class as well. You can see these additional 
classes in both of the downloadable projects for this chapter. The URL for the downloadable 
projects is in the references section at the end of this chapter. Listing 15-5 shows the 
complete code for MyLongTask.

Listing 15-5. Complete Source Code for Implementing an AsyncTask
//The following code is in MyLongTask.java (ProAndroid5_Chi5_TestAsyncTask.zip)
//Use menu item: Test Asyncl to invoke this code
public class MyLongTask extends AsyncTaskcString,Integer,Integer> 
{

IReportBack r; // an interface to report back log messages
Context ctx; //The activity to start a dialog
public String tag = nuli; //Debug tag
ProgressDialog pd = nuli; //To start, report, and stop a progress dialog

//Constructor now
MyLongTask(IReportBack inr, Context inCtx, String inTag) { 

r = inr; ctx = inCtx; tag = inTag;
}
//Runs on the main ui thread
protected void onPreExecute() {

Utils.logThreadSignature(this.tag);
pd = ProgressDialog.show(ctx, "title", "In Progress...",true);
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//Runs on the main ui thread. Triggered by publishProgress called multiple times
protected void onProgressUpdate(Integer... progress) {

Utils.logThreadSignature(this.tag);
Integer i = progress[0];
r.reportBack(tag, "Progress:" + i.toStringO);

protected void onPostExecute(Integer result) {
//Runs on the main ui thread
Utils.logThreadSignature(this.tag);
r.reportBack(tag, "onPostExecute result:" + result);
pd.cancel();

//Runs on a worker thread. May even be a pool if there are more tasks.
protected Integer doInBackground(String...strings) {

Utils.logThreadSignature(this.tag);
for(String s :strings) {

Log.d(tag, "Processing:" + s);
}
for (int i=O;i<3;i++) {

Utils.sleepForInSecs(2);
publishProgress(i); //this calls onProgressUpdate

return 1; //this value is then passed to the onPostExecute as input

will go into the details of each of the methods highlighted in Listing 15-5 after covering 
riefly how a client would make use of (or cali) MyLongTask.

Calling an AsyncTask
Once we have the class MyLongTask implemented, a client will utilize this class as shown in 
L|stingl5-6.

^słing 15-6. Calling an AsyncTask
^/You will find this class AsyncTester.java(ProAndroid5_Chl5_TestAsyncTask.zip) 

se menu item: Test Asyncl to invoke this codę
01d respondToMenu!tem() {

//An interface to log some messages back to the activity
//See downloadable project if you need the details.
IReportBack reportBackObject = this;
Context ctx = this; //activity
string tag = "Taskl"; //debug tag

//Instantiate and execute the long task
MyLongTask mit = new MyLongTask(reportBackObject,ctx,tag);
mlt.erecuteCStringl", "String2", "String3");
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Notice how the execute() method is called in Listing 15-6. Because we have indicated one
of the generic types as a String and that the execute() methods takes a variable number of
arguments for this type, we can pass any number of strings to the execute() method. In the
example in Listing 15-6, we have passed three string arguments. You can pass more or less
as you need.

Once we cali the execute() method on the AsyncTask, this will result in a cali to the 
onPreExecute() method followed by a cali to the do!nBackground() method. The system will 
also cali the onPostExecute() callback once the do!nBackground() method finishes. Refer to 
Listing 15-5 for how these methods are implemented.

Understanding the onPreExecute() Callback and Progress 
Dialog
Going back to MyLongTask implementation in Listing 15-5, in the onPreExecute() method 
we started a progress dialog to indicate that the task is in progress. Figure 15-1 shows an 
image of that dialog. (Use menu item Test Asyncl to invoke this view from project downloadProAndroid5_Chl5_TestAsyncTask.zip.)

Figure 15-1. A simple progress dialog interacting with an AsyncTask
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The code segment (taken from Listing 15-5) that shows the progress dialog is reproduced in 
Listing 15-7.

Listing 15-7. Showing an Indeterminate Progress Dialog
Pd = ProgressDialog.show(ctx, "title", "In Progress...",true);

The variable pd was already declared in the constructor (see Listing 15-5). This cali in 
Listing 15-7 will create a progress dialog and display it as shown in Figure 15-1. The last 
argument to the show() method in Listing 15-7 indicates if the dialog is indeterminate 
(whether the dialog can estimate beforehand how much work there is). We will cover the 
deterministic case in a later section.

Notę Showing progress of an AsyncTask reliably is quite involved. This is because an activity 
can come and go, because of either a configuration change or another Ul taking precedence. 
We will cover this essential need and Solutions later in the chapter.

Understanding the dolnBackgroimd() Method
the background work carried out by the AsyncTask is done in the do!nBackground() 

Tethod. This method is orchestrated by the AsyncTask to run on a worker thread. As a result, 
this work is allowed to take morę than five seconds, unlike the work done on a main thread. 

In our example from Listing 15-5, in the do!nBackground() method we simply retrieve each 
of the input strings to the task as if they are an array. In this method definition we haven’t 
defined an explicit string array. However, the single argument to this function is defined as a 
variable-length argument, as shown in Listing 15-8.

Listing 15-8. doInBockground() Method Signature

Protected Integer doInBackground(String...strings)

^ava then treats the argument as if it is an array inside the function. So in our code in 
doInBackground() method, we read each of the strings and log them to indicate that 

We know what they are. We then wait long enough to simulate a long-running operation. 
°ecause this method is running in a worker thread, we have no access to the Ul functionality 
°f Android from this worker thread. For instance, you won’t be able to update any Views 
directly even if you have access to them from this thread. You cannot even send a Toast 
r°rn here. The next two methods allow us to overcome this.

^iggering onProgressUpdate() through publishProgress()
'd the doInBackground() method, you can trigger onProgressUpdate() by calling the 
P^blishprogressO method. The triggered onProgressUpdate() method then runs on the main 
dread. This allows the onProgressUpdate() method to update Ul elements such as Views 

3ppropriately. You can also send a Toast from here. In Listing 15-5, we simply log a message. 
dce all the work is done, we return from the do!nBackground() method with a result code.
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Understanding the onPostExecute() Method
The result codę from the do!nBackground() method is then passed to the onPostExecute() 
callback method. This callback is also executed on the main thread. In this method, we tell 
the progress dialog to close. Being on the main thread, you can access any Ul elements in 
this method with no restrictions.

Upgrading to a Deterministic Progress Dialog
In the previous example in Listing 15-5, we used a progress dialog (Figure 15-1) that doesn’t 
tell us what portion of the work is complete. This progress dialog is called an indeterminate 
progress dialog. If you set the indeterminate property to false on this progress dialog, you 
will see a progress dialog that tracks progress in steps. This is shown in Figure 15-2.
(Use menu item “Test Async2” to invoke this view from project download ProAndroid5_Chl5_ 
TestAsyncTask.zip.)

Figure 15-2. A progress dialog showing explicit progress, interacting with an AsyncTask
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Listing 15-9 shows the previous task from Listing 15-5 rewritten to change the behavior of the 
Progress dialog to a deterministic progress dialog. We have also added an onCancelListener 
to see if we need to cancel the task on cancelling the dialog. A user can click the back button 
in Figurę 15-2 to cancel the dialog. Key portions of the codę are given in Listing 15-9 (for the 
tuli codę, see the download file ProAndroid5_Ch15_TestAsyncTask.zip).

Listing 15-9. A Long Task Utilizing a Deterministic Progress Dialog
//Following codę is in MyLongTaskl.java(ProAndroid5_Chl5_TestAsyncTask.zip) 
//Use menu item: Test Async2 to invoke this codę
Public class MyLongTaskl extends AsyncTaskcString,Integer,Integer> 
implements OnCancelListener 
{

//..other codę taken from Listing 15-5
//Also refer to the java class MyLongTaskl.java in the downloadable project 
//for fuli codę listing.
protected void onPreExecute() { 

//....other codę
pd = new ProgressDialog(ctx);
pd.setTitle("title");
pd.setMessage("In Progress..
pd.setCancelable(true);
pd.setOnCancelListener(this);
pd.setlndeterminate(false);
pd.setProgressStyle(ProgressDialog.STYLE_HORIZONTAL);
pd.setMax(5);
pd.show();

}
public void onCancel(DialogInterface d) {

r.reportBack(tag,"Cancel Called");
this.cancel(true);

}
//..other codę taken from Listing 15-5

Notice how we have prepared the progress dialog in Listing 15-9. In this case we haven’t 
used the static method show(), in contrast to what we did in Listing 15-5, on the progress 
dialog. Instead, we explicitly instantiated the progress dialog. The variable ctx stands for the 
context (or activity) in which this Ul progress dialog operates. Then we individually set the 
Properties on the dialog, including its deterministic or indeterminate behavior. The method 
setMax() indicates how many steps the progress dialog has. We have also passed the self 
reference (the AsyncTask itself) as a listener when cancel is triggered. In the cancel callback, 
^e explicitly issue a cancel on the AsyncTask. The cancel() method will try to stop the 
Worker thread if we cali it with the boolean argument of false. A boolean argument of true 
WH force-stop the worker thread.
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AsyncTask and Thread Pools
Consider the codę in Listing 15-10, where a menu item is invoking two AsyncTasks one after 
the other.

Listing 15-10. Invoking Two Long-Running Tasks
void respondToMenuItem() {

MyLongTask mit = new MyLongTask(this.mReportTo,this.mContext,"Taskl");
mit.execute(”Stringl","String2","String3");

MyLongTask mltl = new MyLongTask(this.mReportTo,this.mContext,"Task2"); 
mltl.execute("Stringl","String2","String3");

}

Here we are executing two tasks on the main thread. You may expect that both the tasks 
get started close to each other. The default behavior, however, is that these tasks run 
sequentially using a single thread drawn out of a pool of threads. If you want a parallel 
execution, you can use the executeOnExecutor() method on the AsyncTask. See SDK does 
for details on this method. Also as per the SDK documentation, it is not valid to cali the 
execute() method more than once on a single AsyncTask. If you want that behavior, you 
have to instantiate a new task and cali the execute() method again.

Issues and Solutions for Correctly Showing the 
Progress of an AsyncTask
If your primary goal with this chapter is to learn just the essentials of AsyncTask, then what 
we have covered so far is sufficient. However, there are some issues when an AsyncTask is 
paired with a progress dialog as shown in the previous listings so far. One of those issues is 
that an AsyncTask will lose the correct actiyity reference when the device is rotated, thereby 
also losing its reference to the progress dialog. The other issue is that the progress dialog 
used earlier in the codę is not a managed dialog. Let’s understand these issues now.

Dealing with Activity Pointers and Device Rotation
The activity pointer that is held by the AsyncTask becomes stale when the activity is 
re-created because of a configuration change. This is because Android has created a new 
activity and the old activity is no longer shown on the screen. So holding on to the old 
actiyity and its corresponding dialog is bad for a couple of reasons. The first is that the user 
is not seeing that activity or dialog that the AsyncTask is trying to update. The second reason 
is that the old actiyity needs to be garbage collected and you are stopping it from getting 
garbage collected because the AsyncTask is holding on to its reference. If you were to be 
smart and use a Java weak reference for the old activity, then you wouldn’t leak memory 
but you would get a nuli pointer exception. The case of stale pointer is true not only of the 
actiyity pointer but any other pointer that indirectly points to the actiyity.
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There are two ways to address the stale activity reference issue. The recommended way is to 
Use headless retained fragments. (Fragments are covered in Chapter 8. Retained fragments 
are fragments that stay around while the activity is re-created due to a configuration change. 
These fragments are also called headless because they don’t necessarily have to hołd 
any Ul.) Another way to solve the stale activity pointers is to use the retained objects 
callback from the activity. We will present both of these approaches for addressing the stale 
activity pointer issue.

Dealing with Managed Dialogs
Even if we are able to solve the stale activity reference issue and reestablish the connectivity 
to the current activity, there is a flaw in the way progress dialogs were used so far in this 
chapter. We have instantiated a ProgressDialog directly. A ProgressDialog created in this 
banner is not a “managed” dialog. If it is not a managed dialog, the activity will not re-create 
the dialog when the device undergoes rotation or any other configuration change. So, when 
the device rotates the AsyncTask is still running uninterrupted but the dialog will not show up. 
There are a couple of ways to solve this problem as well. The recommended way is not to 
Use progress dialogs but instead use an embedded Ul control in the activity itself, such as a 
Progress bar. Because a progress bar is part of the activity view hierarchy, the hope is that 
't will be re-created. Although a progress bar sounds good, there are times when a modal 
Progress dialog makes morę sense. For example, that would be the case if you don’t want 
the user to interact with any other part of the activity while the AsyncTask is running. In those 
cases, we see little contradiction in using fragment dialogs instead of progress bars.
it s time we step into the Solutions to deal with the activity references issues and the 
Managed dialogs issue. We will present three different Solutions. The first one uses retained 
cbjects and fragment dialogs. The second one uses headless retained fragments and 
fragment dialogs. The third solution uses headless retained fragments and progress bars.

Testing Scenarios for a Well-Behaved Progress Dialog
Of the three Solutions we have in this chapter, whichever you use to correctly display 
a Progress dialog for an AsyncTask, the solution should work in all of the following test 
scenarios:

1. Without an orientation change the progress dialog must start, show 
its progress, end, and also clean up the reference to the AsyncTask. 
This must work repeatedly to show that there are no vestiges left 
from the previous run.

2. The solution should handle the orientation changes while the task 
is in the middle of its execution. The rotation should re-create 
the dialog and show progress where it left off. The dialog should 
properly finish and clean up the AsyncTask reference. This must work 
repeatedly to show that there are no vestiges left behind.

3. The back should be disabled when the task starts to run.
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4. Going Home should be allowed even when the task is in the middle 
of execution.

5. Going Home and revisiting the activity should show the dialog and 
correctly reflect the current progress, and the progress should never 
be less than the one before.

6. Going Home and revisiting the activity also should work when 
the task finishes before returning. The dialog should be properly 
dismissed and the AsyncTask reference removed.

This set of test cases should always be performed for all activities dealing with AsyncTasks. 
Now that we have laid out how each solution should satisfy, lets start with the first solution, 
the one that uses retained objects and fragment dialogs.

Using Retained Objects and Fragment Dialogs
In this first solution, lets show you how to use retained objects and fragment dialogs for 
displaying progress correctly for an AsyncTask. This solution involves the following steps:

1. The activity must keep track of an external object through its 
onRetainNonConfigurationInstance() callback. This external 
object must stick around and its reference validated as the activity 
is closed and brought back. That is why this object is referred 
to as a retained object. This retained object can either be the 
AsyncTask object itself or an intermediate object that holds a 
reference to the AsyncTask. Let’s cali that a root retained activity- 
dependent object (or a root RADO). It is called a “root” because the 
onRetainNonConfigurationInstance() can use only one retained 
object reference.

2. A root RADO then will have a pointer to the AsyncTask and can set 
and reset the activity pointer on AsyncTask as the activity comes 
and goes. So, this root RADO acts as an intermediary between the 
activity and the AsyncTask.

3. The AsyncTask then will instantiate a fragment progress dialog 
instead of a plain non-managed progress dialog. The AsyncTask will 
use the activity pointer that is set by the root RADO to accomplish 
this, as you will need an activity to create a fragment including a 
fragment dialog.

4. The activity will re-create the dialog fragment as it rotates and keeps 
its state properly because dialog fragments are managed. The 
AsyncTask can proceed to increment progress on the fragment dialog 
as long as the activity is set and available. Notę that this dialog 
fragment is not, by itself, a retained fragment. It gets re-created as 
part of the activity life cycle.
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5. The fragment dialog can further disallow the cancel on it so that 
the user cannot go back to the activity from the dialog while the 
AsyncTask is in progress.

6. However, a user can go Home by tapping Home and use other apps. 
This will push our activity, and the dialog with it, into the background. 
This must be handled. When the user returns to the activity or 
app, the dialog can continue to show the progress. The AsyncTask 
must know how to dismiss the fragment dialog if the task finishes 
while the activity is hidden. Being a fragment dialog, dismissing 
this dialog throws an invalid state exception if the activity is not in 
the foreground. So, the AsyncTask has to wait until the activity is 
reopened and in the right state to dismiss the dialog.

Exploring Corresponding Key Codę Snippets
We will present now the key pieces of codę that are used to implement the outlined 
aPproach. The rest of the implementation can be found in the downloadable project 
ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip for this chapter. As all Solutions for 
*his problem require the dialog to be a fragment dialog, so that the dialog can be managed, 
Listing 15-11 presents the source codę of this fragment dialog first.

listing 15-11. Encapsulating a ProgressDialog in a DialogFragment
//The following codę is in ProgressDialogFragment.java 
^/(proAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)

* A DialogFragment that encapsulates a ProgressDialog.
This is not expected to be a retained fragment dialog.

*^Gets re-created as activity rotates following any fragment protocol.

Public class ProgressDialogFragment extends DialogFragment {

private static String tag = "ProgressDialogFragment";
ProgressDialog pd; //Will be set by onCreateDialog

//This gets called from ADOs such as retained fragments
//typically done when activity is attached back to the AsyncTask 
private IFragmentDialogCallbacks fdc;
public void setDialogFragmentCallbacks(IFragmentDialogCallbacks infdc) {

Log.d(tag, "attaching dialog callbacks");
fdc = infdc;

}

//This is a default constructor. Called by the framework all the time 
//for reintroduction.
public ProgressDialogFragment() {

//Should be safe for me to set cancelable as false;
//wonder if that is carried through rebirth?
this.setCancelable(false);
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//One way for the client to attach in the beginning when the fragment is reborn.
//The reattachment is done through setFragmentDialogCallbacks
//This is a shortcut. Your compiler if enabled for lint may throw an error.
//You can use the newlnstance pattern and setbundle (see the fragments chapter)
public ProgressDialogFragment(IFragmentDialogCallbacks infdc) { 

this.fdc = infdc;
this.setCancelable(false);

} 
/**

* This can get called multiple times each time the fragment is
* re-created. So storing the dialog reference in a local variable should be safe 
*/

@0verride
public Dialog onCreateDialog(Bundle saved!nstanceState) { 

Log.d(tag,"In onCreateDialog");
pd = new ProgressDialog(getActivity());
pd.setTitle("title");
pd.setMessage("In Progress...");
pd.setlndeterminate(false);
pd.setProgressStyle(ProgressDialog.STYLE_HORIZONTAL);
pd.setMax(i5); 
return pd;

}
//Called when the dialog is dismissed.I should tell my corresponding task
//to close or do the right thing! This is done through cali back to fdc
//fdc: fragment dialog callbacks could be the Task, or Activity or the rootRADO
//See Listing 15-12 to see how FDC is implemented by the task 
@0verride
public void onDismiss(Dialog!nterface dialog) (

super.onDismiss(dialog);
Log.d(tag,"Dialog dismissed");
if (fdc != nuli) { 

fdc.onDismiss(this, dialog);
}

}
@0verride
public void onCancel(Dialog!nterface dialog) { 

super.onDismiss(dialog);
Log.d(tag,"Dialog cancelled"); 
if (fdc != nuli) {

fdc.onCancel(this, dialog);
}

}
//will be called by a client like the task
public void setProgress(int value) { 

pd.setProgress(value);
}

}

Code in Listing 15-11 shows how to wrap a regular non-managed ProgressDialog in a 
managed fragment dialog. We extend a DialogFragment and override its onCreateDialogO 
to return the ProgressDialog object. In addition to that basie feature, we added the ability
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to monitor when the progress dialog gets dismissed or cancelled. We also provide a
setProgress() method on the wrapped class to cali the setProgress() on the internal
ProgressDialog. You can see the source codę for the IFragmentDialogCallbacks in the
downloadable project (ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip), as it is not
that critical to understanding this fragment progress dialog.

Let’s see now how an AsyncTask can create and control this fragment progress dialog. 
Listing 15-12 presents the pseudocode for the AsyncTask in order to aid this understanding. 
^or the complete source codę, refer to downloadable project.

Listing 15-12. Pseudocode for an AsyncTask That Uses a Fragment Progress Dialog
i/The following codę is in MyLongTaskWithRADO.java 
//(ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)
//Y°u can start this task through menu item: Flip Dialog with ADOs 
Public class MyLongTaskWithRADO extends AsyncTaskcString,Integer,Integer> 
^mplements IRetainedADO, IFragmentDialogCallbacks

//....other codę
@Override public void onPreExecute() {

//....other codę
//get the activity as it would have been set by the root RADO 
Activity act = this.getActivity();

//Create the progress diaolg
ProgressDialogFragment pdf = new ProgressDialogFragment();
//the show method will add and commit the fragment dialog
pdf.show(act.getFragmentManager(), this.PROGRESS_DIALOG_FRAGMENT_TAG_NAME);

$0verride public void onProgressUpdate() {
//if activity is available, get the fragment dialog from it
//cali setProgress() on it
//otherwise ignore the progress

$Override public void onPostExecute() {
//if activity is in a good state
//dismiss the dialog and tell the root RADO to drop the pointer to the AsyncTask
//if not remember it through a flag to close it when you come back

$Override public void attach() {
//called when the activity is back
//check to see if you are done
//if so dismiss the dialog and remove yourself from the RADO
//if not continue to update the progress

} 1

ecause this AsyncTask implements the idea of a retained activity-dependent object 
IRetainedADO), it knows when the activity is available and when it is not. It also knows the 
^ate of the activity, such as whether the Ul is ready or not. Although it takes some codę 
0 implement activity-dependent objects (ADOs), it is not a hard concept. We leave it to

due to space considerations to look into the downloadable project ProAndroid5_Chl5_ 
estAsyncTaskWithConfigChanges . zip and see how this is done.
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This AsyncTask in Listing 15-12 also takes over the management of its fragment dialog so 
that it acts like a cohesive unit and thereby doesn’t contaminate the main activity with the 
details of this AsyncTask. Another key detail in Listing 15-12 is what happens when the 
dialog is dismissed as the AsyncTask finishes. At this instant if the activity is hidden, or not 
there due to rotation, it is important to dismiss the dialog when the activity is re-created. In 
order to do this, the onPostExecute() remembers the last state ofthe AsyncTask whether it 
is done or in progress. This AsyncTask then waits for the attach() method, which gets called 
when the Ul ready activity is reattached to this ADO. Once in the attach() method, the 
AsyncTask can then dismiss the fragment dialog.
You can download the project named ProAndroid5_Ch15_TestAsyncTaskWithConfigChanges.zip 
and see how the interaction presented in Listing 15-12 is fully realized.

This particular approach of using retained objects is a bit involved when compared to using 
retained fragments instead. But it has the elegance of solving it in a more generic form using 
the idea of ADOs, be they fragments or otherwise. We have links in the reference section 
that outline this idea and provide background. With that, lets turn our attention to the 
recommended idea of retained fragments in our second solution.

Using Retained Fragments and Fragment Dialogs
In the second solution, we will stick with the fragment dialogs but we will use headless 
retained fragments instead of simple retained objects. Android has deprecated the retained 
objects in favor of retained fragments. In Android a retained object is just an object and 
has no in-built ability to track the state of the activity. (This is why we had to invent the 
framework of ADOs on top.) This deficiency is not there with the introduction of fragments in 
later releases of Android. Although fragments are tightly woven into the fabric of Ul, they can 
exist without Ul as well. These are called headless fragments. In addition to being able to 
track the state of the activity, fragments can also be retained, much like retained objects.

Outlining the Retained Fragments Approach
The approach in this solution is to use a headless retained fragment as an anchor to 
communicate between the activity and the AsyncTask. Here are the key aspects of this 
approach:

1. Continue to use a fragment progress dialog, as in the solution before.

2. Have the activity create a headless retained fragment which then 
holds a pointer to the AsyncTask. This headless retained fragment 
takes the place of the retained object in the previous solution. Being a 
retained fragment, the fragment object sticks around while the activity 
is re-created with a new pointer. The AsyncTask then always relies on 
the retained fragment to retrieve the most current activity pointer.

3. The AsyncTask relies on the headless retained fragment to be 
informed of the activity state to accomplish all of the test cases 
indicated in the previous solution.
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Expioring Corresponding Key Code Snippets
have already shown you the code for the fragment dialog during the previous solution. 

As we continue to use the same object in this solution, we will focus on the retained 
fragment and also how the AsyncTask uses the fragment dialog through the retained 
fragment.

In the sample program (ProAndroid5_Chi5_TestAsyncTaskWithConfigChanges.zip) we have 
Provided in the download, we called the retained fragment AsyncTesterFragment.
Listing 15-13 shows the pseudocode for this class, which demonstrates, among other 
things, what makes this class a headless fragment.

Listing 15-13. Pseudocode for a Headless Fragment
iFThe following code is in AsyncTesterFragment.java
//(ProAndroid5_Chi5_TestAsyncTaskWithConfigChanges.zip)
Z/You can start this task through menu item: Flip Dialog with Fragment
Public class AsyncTesterFragment

e*tends Fragment (or another object that is derived from Fragment) {

//No need to override the key onCreateView() method
//which otherwise would have returned a view loaded from a layout.
//Thus having no View makes this fragment a headless fragment

//Use this name to register with the activity
Public static String FRAGMENT_NAME="AsyncTesterRetainedFragment";

//Local variable for the asynctask. You can use a menu to start work on this task 
//Nullify this reference when the asynctask finishes
MylongTaskWithFragmentDialog taskReference;

//Have an init method to help with inheritance
Public void init(argl, arge2, etc) {

super.init(argl,...); //if there is one
setArguments(....); //or pass the bundle to the super init

Public static AsyncTesterFragment newlnstance(argl, arg2, ...){
AsyncTesterFragment f = new AsyncTesterFragment(); 
f.init(argl,arg2,...);

//have morę static methods to create the fragment, locate the fragment etc.

^ere are three things worth mentioning about the code in Listing 15-13. By not overriding 
116 onCreateView(), this fragment becomes a headless fragment. Because a fragment gets 

re-created using its default constructor, we followed the newlnstance() pattern and also 
e*tended that pattern to use init() methods which can be virtual and inherited. This latter 
aPproach is useful if you are extending the Fragment class in a deeper hierarchy.
Lsting 15-14 shows a static method on this AsyncTesterFragment object that can create this 
ra9ment, make it retain its state, and then register it with the activity.
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Listing 15-14. Registering a Fragment as a Retained Fragment
//The following codę is in AsyncTesterFragment.java
//(ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)
//You can start this task through menu item: Flip Dialog with Fragment
public static AsyncTesterFragment createRetainedAsyncTesterFragment(Activity act) { 

AsyncTesterFragment frag = AsyncTesterFragment.newlnstance();
frag.setRetainlnstance(true);
FragmentManager fm = act.getFragmentManager();
FragmentTransaction ft = fm.beginTransaction();
ft.add(frag, AsyncTesterFragment.FRAGMENT_TAG);
ft.commit();
return frag;

}

Once this retained fragment is available with the activity, it can be retrieved any time and 
asked to start an AsyncTask. Listing 15-15 shows the pseudocode for the AsyncTask that is 
able to interact with this retained fragment to control the fragment dialog

Listing 15-15. An AsyncTask That Uses a Fragment Dialog Through a Retained Fragment
//The following codę is in MyLongTaskWithFragment.java
//(ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)
//You can start this task through menu item: Flip Dialog with Fragment
public class MyLongTaskWithFragment extends AsyncTask<String,Integer,Integer> { 

//...other codę
//The following reference passed in and set from the constructor 
AsyncTesterFragment retainedFragment;

//....other codę
@0verride protected void onPreExecute() {

....other codę
//get the activity from the retained fragment
Activity act = retainedFragment.getActivity();
//Create the progress dialog
ProgressDialogFragment pdf = new ProgressDialogFragment();
//the show method will add and commit the fragment dialog
pdf.show(act.getFragmentManager(), this.PROGRESS_DIALOG_FRAGMENT_TAG_NAME);

}
@0verride protected void onProgressUpdate() {

//if activity is available, get the fragment dialog from it, cali setProgress() on i* 
//otherwise ignore the progress

}
@0verride protected void onPostExecute() {

//if activity is in a good state
//dismiss the dialog and tell the root RADO to drop the pointer to the AsyncTask
//if not remember it through a flag to close it when you come back

)
@0verride public void attach() {

//called when the activity is back. check to see if this task is done
//if so dismiss the dialog and remove yourself from the retained fragment
//if not continue to update the progress

}



CHAPTER 15: Advanced AsyncTask and Progress Dialogs 335

@0verride protected Integer do!nBackground(String...strings)

//Do the actual work here which occurs on a separate thread

This AsyncTask in Listing 15-15 behaves much like the AsyncTask that used the retained 
°bject. Once this task knows how to get access to the progress dialog fragment from the 
retained fragment, it is pretty straightforward to set the progress on it. As before, this task 
also needs to know when the activity is reattached in case the task is done beforehand.

this happens, the AsyncTask needs to remember this and close the dialog on reattach. 
me pseudocode in Listing 15-15 satisfies all the test conditions set forth earlier.
This concludes our second solution. Lets shift now to the third solution, where we will use a 
Progress bar instead of a progress dialog to show the progress of an AsyncTask.

Using Retained Fragments and ProgressBars
Android SDK documentation on ProgressDialog (http://developer.android.com/guide/ 
t°pics/ui/dialogs.html) is recommending that we use a ProgressBar in a number of 
Scenarios instead as a better practice. The purported reason is that a progress bar is less 
Wrusive, as it allows interaction with other areas of the activity. A progress bar, like a progress 
cialog, can be indeterminate orfixed in duration. It can also be a continuously revolving circle 
°r a horizontal bar. You can find these modes by looking up the does for ProgressBar.

'Sting 15-16 gives a quick rundown of a sampling of ProgressBar styles in a layout file.

listing 15-16. Different Ways to Style a Progress Bar in a Layout File
^The following codę is in spb_show_progressbars_activity_layout.xml 

(ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)
Y°u can see these progress bars through menu item: Show Progress bars

A regular progress bar - A large spinning circle —> 
<Pr°gressBar

android:id="@+id/tpb_progressBarl"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:background="@android:color/background_light"/>

Smali spinning circle -->
<Pr°gressBar

android:id="@+id/tpb_progressBar4"
style="/android:attr/progressBarStyleSmall"
android:layout_width="match_parent"
android: layout_height="wrap_content11
android:background="@android:color/background_light"/>

S" Horizontal indefinite Progress bar: a linę --> 
Pr°gressBar

android:id="@+id/tpb_progressBar3"
style="/android:attr/progressBarStyleHorizontal"
android:layout_width="match_parent"

http://developer.android.com/guide/
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android:layout_height="wrap_content" 
android:indeterminate="true"
/> 

<!-- Horizontal fixed duration Progress bar: a linę —>
<ProgressBar

android:id="@+id/tpb_progressBar3"
style="?android:attr/progressBarStyleHorizontal"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android :indeterminate="talse"
android:max="50"
android:progress="lO"
/>

Figure 15-3 shows how the progress bar layouts shown in Listing 15-16 look when loaded 
into an activity. Each type of progress bar is labeled to indicate its modę or behavior.
(Use menu item Show Progress Bars to invoke this view from project download ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip.)

5G * 10:31

Show Progress bars

Regular progress bar; Spinner

Smali progress bar: Spinner
I I
Indeterminate progress bar

Fixed Duration Progress bar

Figure 15-3. A sampling of progress bars in Android



CHAPTER 15: Advanced AsyncTask and Progress Dialogs 337

Outlining the ProgressBar Approach
The approach to report the progress of an AsyncTask through a progress bar is similar to the 
Previous approach that used a retained headless fragment and a fragment progress dialog.

1. As in the previous solution, have the activity create a headless 
retained fragment that holds a pointer to the AsyncTask.

2. Embed the progress bar in the activity layout. AsyncTask will get to 
this progress bar through the headless retained fragment.

3. The AsyncTask relies on the headless retained fragment to be 
informed of the activity state to accomplish all of the test cases 
indicated earlier.

Walking Through Corresponding Key Codę Snippets
Let’s walk through the key codę snippets that you would need to make this solution work. 
Let’s begin with the local variables the AsyncTask holds to interact with the retained fragment 
and the activity (Listing 15-17).

Listing 15-17. Local Variables of an AsyncTask to Work with a ProgressBar
^The following codę is in MyLongTaskWithProgressBar.java

ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges.zip)
/You can start this task through menu item: Test ProgressBar

Public class MyLongTaskWithProgressBar
®xtends AsyncTaskcString,Integer,Integer>
^Plements IWorkerObject

Public String tag = nuli; //Debug tag
private MonitoredFragment retainedFragment; //Reference to the retained fragment
int curProgress = 0; //To track current progress

Listing 15-18 shows how the AsyncTask initializes the progress bar when it starts.

Listing 15-18. Initializing a ProgressBar
//Part of MyLongTaskWithProgressBar.java
Private void showProgressBar() {

Activity act = retainedFragment.getActivity();
ProgressBar pb = (ProgressBar) act.findViewById(R.id.tpb_progressBarl);
pb.setProgress(o);
Pb.setMax(i5);

. pb.setVisibility(View.VISIBLE);
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Listing 15-19 shows how the AsyncTask sets the progress on the progress bar after locating it-

Listing 15-19. Setting Progress on a ProgressBar
//Part of MyLongTaskWithProgressBar.java
private void setProgressOnProgressBar(int i) {

this.curProgress = i;
ProgressBar pbar = getProgressBar();
if (pbar == nuli) {

Log.d(tag, "Activity is not available to set progress"); 
return;

}
pbar.setProgress(i);

}

The method getProgressBar() that locates the activity is quite simple; you just use the 
find() method to locate the ProgressBar view. If the activity is not available due to device 
rotation, the ProgressBar reference will be nuli and we will ignore setting the progress. 
Listing 15-20 shows how the AsyncTask closes the progress bar.

Listing 15-20. Closing the ProgressBar on AsyncTask Completion
//Part of MyLongTaskWithProgressBar.java 
private void closeProgressBar(){

ProgressBar pbar = getProgressBar();
if (pbar == nuli) {

Log.d(tag, "Sorry progress bar is nuli to close it!"); 
return;

}
//Dismiss the dialog
pbar.setVisibility(View.GONE); 
detach FromParent();

)

Once the ProgresBar is removed from the view, the code in Listing 15-20 informs the 
retained fragment that it can let go of the AsyncTask pointer should it be holding it. 
Depending on how the retained fragment holds this pointer, this step may or may not 
be needed. But it is a good practice to tell the parent it no longer needs to hołd on to a 
reference that it doesn’t need anymore. So, Listing 15-21 shows how the AsyncTask informs 
the parent that it no longer needs to hołd a pointer to the AsyncTask.

Listing 15-21. Informing Clients, Like the Retained Fragment, ofthe Completion ofAsyncTask
//To tell the called object that I, the AsyncTask, have finished 
//The Activity or retained fragment can act as a client to this AsyncTask 
//AsyncTask is imagined to be a WorkerObject and hence understands the IWorkerObjectClient

//MyLongTaskWithProgressBar implements IWorkerObject 
//AsyncTesterFragment implements the IWorkerObjectClient

//Code below is taken from MyLongTaskWithProgressBar.java 
//This implements the IWorkerObject contract
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iWorkerObjectClient client = nuli;
lnt workerObjectPassbackldentifier = -1;

Public void registerClient(IWorkerObjectClient woc,
int inWorkerObjectPassbackldentifier) {

client = woc;
this.workerObjectPassbackldentifier = inWorkerObjectPassbackldentifier;

Private void detachFromParent() { 
if (client == nuli) {

Log.e(tag,"You have failed to register a client.");
return;

}
//client is available
client. done(this,workerObjectPassbackldentifier);

Addressing Key Differences with the ProgressBar Solution
^here are some unexpected differences you must be aware of when we use a progress bar 
lnstead of a progress dialog.
Ihitially, in the layout file, visibility of the progress bar is set to GONE so that it represents 

state that the AsyncTask has not even started. Once the AsyncTask starts it will set the 
^sibility to VISIBLE and subsequently set the progress as it goes along. However, when the 
activity is re-created, the state management of the activity requires that the control is visible 
Corning out of the onCreate() method. Because in the layout the visibility is set to be GONE, 

e activity will not restore the progress bar state and you will not see the progress bar wher 
he device is rotated. Because of this, the AsyncTask needs to take over the control of this 

Pr°gress bar state management and reinitialize it properly when the activity is reattached.
Isting 15-22 shows how we do this in the AsyncTask codę.

Listmg 15-22. Managing the ProgressBar State from the AsyncTask
^ken from MyLongTaskWithProgressBar.java 

z0n activity start
u lic void onStart(Activity act) { 

//dismiss dialog if needed 
if (bDoneFlag == true) { 

Log.d(tag,"On my start I notice I was done earlier"); 
closeProgressBar(); 
return;

}
L°g.d(tag,"I am reattached. I am not done");

j setProgressBarRightOnReattach();

Private void setProgressBarRightOnReattach() {
ProgressBar pb = getProgressBar();
Pb.setMax(15);
Pb.setProgress(curProgress);

> Pb.setVisibility(View.VISIBLE);
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The onStart() method in Listing 15-22 is called by the retained fragment on the AsyncTask
when the activity is reattached to the retained fragment and the fragment detects that the
activity’s Ul is ready to be used.

Another difference when using a progress bar is the behavior of the back button. Unlike a 
progress dialog, for the activity, you may want to allow the back button. As the back button 
completely removes the activity, you may want to take this opportunity to cancel the task. 
The releaseResources()method in Listing 15-23 is called by the retained fragment when it 
detects that the activity is not going to be back by monitoring the isFinishingO flag in the 
onDestroyO method.

Listing 15-23. Cancelling the AsyncTask on Activity Back
//Taken from MyLongTaskWithProgressBar.java 
public void releaseResources() { 

cancel(true); //cancel the task 
detachFromParent(); //remove myself

)

All three Solutions outlined in this latter part of the chapter will work to correctly show the 
progress of an AsyncTask. The SDK-recommended approach is to use the ProgressBar as 
the right Ul component to display the progress. Our preference for quick tasks that take just 
a second or two is to use the progress bars as well. For a task that takes a little longer—and 
you don’t want the user to disturb the State of the Ul—then use the ProgressDialog in 
conjunction with a headless retained fragment. When your Solutions require a deep hierarchy 
of objects, then use of the ADO framework could come handy irrespective of whether you 
use them through retained fragments or through the retained objects. You can see all of the 
Solutions outlined here fully implemented in the downloadable project ProAndroid5_Chi5_ 
TestAsyncTaskWithConfigChanges.zip.

There are further considerations if the AsyncTask were doing updates and changing state. 
If that is the case, you may want to use a background service so that it can be restarted 
if the process is to be reclaimed and restarted later. The approaches presented here are 
adequate for quick- to medium-level reads as you are expecting the user to wait. However, 
for longer-time reads or writes, you may want to adapt a service-based solution.

References
The following references will help you learn more about the topics discussed in this chapter:

■ : 
A key resource that definitively documents the behavior of AsyncTask.
http://developer.android.com/reference/android/os/AsyncTask.html

■ : Another look 
at a well-behaved AsyncTask.
http://www.shanekirk.com/2012/04/asynctask-missteps/

■ : Research notes on AsyncTask 
that we gathered in preparing this chapter.
http://www.androidbook.com/item/3536

■ : Android uses Java generics 
often in its API. This URL documents a few basics on Java generics to 
get you started.

http://www.androidbook.com/item/3537

http://developer.android.com/reference/android/os/AsyncTask.html
http://www.shanekirk.com/2012/04/asynctask-missteps/
http://www.androidbook.com/item/3536
http://www.androidbook.com/item/3537
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■ : As this chapter has 
demonstrated, to work with an AsyncTask authoritatively you need to 
know a lot about activity life cycle, fragments, their life cycle, headless 
fragments, configuration changes, fragment dialogs, AsyncTask, ADOs, 
and morę. This URL has a number of articles focusing on all these areas.

http://www.androidbook.com/fragments

■ : ADO is an abstraction that 
one of our authors espoused as a handy tool to deal with configuration 
change. This URL documents what ADOs are and how they could be 
used, and it also provides a preliminary implementation.

http://www.androidbook.com/item/4660

■ : This URL documents the 
background, helpful URLs, code snippets, and helpful hints to work with 
a ProgressBar.

http://www.androidbook.com/item/4674

■ : This URL has a good bit of 
research on activity life cycle in the event of configuration changes.
http://www.androidbook.com/item/4680

■ : It is quite hard to write 
programs that work well when devices rotate. This URL outlines some 
basie test cases you must successfully run for validating AsyncTask.

http://www.androidbook.com/item/4665

■ : This URL suggests an 
enhanced pattern for constructing inherited fragments.
http://www.androidbook.com/item/4673

■ : The best way to understand 
a fragment, including a retained fragment, is to study its callbacks 
diligently. This URL provides documented sample code for all the 
important callbacks of a fragment.

http://www.androidbook.com/item/4629

■ : The best way to understand 
an activity life cycle is study its callbacks diligently. This URL provides 
documented sample code for all the important activity callbacks.

http://www.androidbook.com/item/4668

■ : This URL outlines our research 
on fragment dialogs.
http://www.androidbook.com/item/3634

■ : A list of 
downloadable projects from this book is at this URL. For this chapter, 
look for a zip file named ProAndroid5_Ch15_TestAsyncTask.zip and also 
ProAndroid5_Chl5_TestAsyncTaskWithConfigChanges. The latter 
zip file is the one that implements the three proposed Solutions for a 
well-behaved AsyncTask.

http://www.androidbook.com/proandroid5/projects

Summary
n this chapter, in addition to covering AsyncTask, we have introduced you to progress 
dialogs, progress bars, headless retained fragments, and ADOs. Reading this chapter, you 
hot only understood AsyncTask but also got to apply your understanding of activity life cycle 
$hd a deep understanding of fragments. We have also documented a set of key test cases 
hat must be satisfied for a well-behaved Android application.

http://www.androidbook.com/fragments
http://www.androidbook.com/item/4660
http://www.androidbook.com/item/4674
http://www.androidbook.com/item/4680
http://www.androidbook.com/item/4665
http://www.androidbook.com/item/4673
http://www.androidbook.com/item/4629
http://www.androidbook.com/item/4668
http://www.androidbook.com/item/3634
http://www.androidbook.com/proandroid5/projects


Chapter

Broadcast Receivers and
Long-Running Services
Ą broadcast receiver is another component in an Android process, along with activities, 
content providers, and services. A broadcast receiver is a component that can respond 

a broadcast message sent by a client. This message is modeled as an intent. Further, a 
roadcast message (intent) can be responded to by more than one receiver.

Ą Client component such as an activity or a sen/ice uses the sendBroadcast(intent) 
^athod, available on the Context class, to send a broadcast. Receiving components of the 

roadcast intent will need to inherit from a BroadcastReceiver class available in the Android 
^K. These broadcast receivers need to be registered in the manifest file through a receiver 

component tag to indicate that the receiver is interested in responding to a certain type of 
broadcast intent.

lending a Broadcast
listing 16-1 shows sample codę that sends a broadcast event. This codę creates an intent 

a unique intent action string, puts an extra field called message on it, and calls the 
SendBroadcast() method. Putting the extra on the intent is optional.

^ing 16-1. Broadcasting an Intent

/^is codę is in class: TestBCRActivity.java
/Project: TestBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip

Private void testSendBroadcast(Activity activity) {
//Create an intent with a unique action string
String uniqueActionString = "com.androidbook.intents.testbc";
Intent broadcastlntent = new Intent(uniqueActionString);

343
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//Allow stand alone cross-processes that have broadcast receivers 
//in them to be started even though they are in stopped state. 
broadcastIntent.addFlags(Intent.FLAG_INCLUDE_STOPPED_PACKAGES);

broadcast!ntent.putExtra("message", "Hello world");
activity.sendBroadcast(broadcastlntent);

)

In Listing 16-1, the action is an arbitrary identifier that suits your needs. To make this action 
string unique, you may want to use a namespace similar to a Java package. Also, we will 
talk about the cross-process FLAG_INCLUDE_STOPPED_PACKAGES later in this chapter in the 
section called “Out-of-Process Receivers.”

Coding a Simple Receiver
Listing 16-2 shows a broadcast receiver that can respond to the broadcasted intent from
Listing 16-1.

Listing 16-2. Sample Broadcast Receiver Code
//This class is in TestBroadcastReceiver project in the download
//The download for this chapter is: ProAndroid5_Chl6_TestReceivers.zip
public class TestReceiver extends BroadcastReceiver {

private static finał String tag = "TestReceiver";
@0verride
public void onReceive(Context context, Intent intent) {

Log.d("TestReceiver", "intent=" + intent);
String message = intent.getStringExtra("message");
Log.d(tag, message);

}
}

Creating a broadcast receiver is quite simple. Extend the BroadcastReceiver class and override 
the onReceive() method. We are able to see the intent in the receiver and extract the messag® 
from it. Next we need to register the broadcast receiver in the manifest file as a receiver.

Registering a Receiver in the Manifest File
Listing 16-3 shows how you can declare a receiver as the recipient of the intent whose 
action is com.androidbook.intents.testbc.

Listing 16-3. A Receiver Definition in the Manifest File

<l-
In filename: AndroidManifest.xml
Project: TestBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip
-->
<manifest>
<application>
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<activity>..,</activity>

<receiver android:name=".TestReceiver">
<intent-filter>

<action android:name="com.androidbook.intents.testbc'7 >
</intent-filter>

</receiver> 

</application>
</manifest>

The receiver element is a child node of the application element like the other component 
n°des such as an activity.
With the receiver (Listing 16-2) and its registration in the manifest file (Listing 16-3) available, 
Vou can invoke the receiver using the client codę in Listing 16-1. We have included a 
reference to the downloadable ZIP file ProAndroid5_Chl6_TestReceivers.zip for this chapter 

the end of this chapter. This ZIP file has two projects. The codę referenced so far is in the
Project TestBroadcastReceiver.

Accommodating Multiple Receivers
The idea of a broadcast is that there could be more than one receiver. Let’s replicate 
TestReceiver (see Listing 16-2) as TestReceiver2 and see if both can respond to the same 
broadcast message. The codę for TestReceiver2 is presented in Listing 16-4.

Listing 16-4. Source codę forTestReceiver2
^Filename: TestReceiver2.java
//project: TestBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip
Public class TestReceiver2 extends BroadcastReceiver {

private static finał String tag = "TestReceiver2";
@0verride
public void onReceive(Context context, Intent intent) {

Log.d(tag, "intent=" + intent);
String message = intent.getStringExtra("message");
Log.d(tag, message);

Ąbd this receiver to your manifest file as shown in Listing 16-5.

Listing 16-5. TestRecei ver2 Definition in the Manifest File

In 
Pr filename: AndroidManifest.xml

°ject: TestBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip

<receiver android:name=".TestReceiver2">
<intent-filter>

caction android:name="com.androidbook.intents.testbc '7 >
</intent-filter>

Vreceiver>
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Now, if you fire off the event as in Listing 16-1, both receivers will be called.

We have indicated in Chapter 13 that the main thread runs all the broadcast receivers that 
belong to a single process. You can prove this by printing out the thread signature in each 
of the receivers, including the main linę invoking codę. You will see the same thread running 
through this codę sequentially. The sendBroadcast() queues the broadcast message and 
lets the main thread get back to its queue. Response to this queued message by a receiver 
is carried out by the same main thread in order. When there are multiple receivers, it is not 
good design to rely on the order of execution as to which receiver is invoked first.

Working with Out-of-Process Receivers
The intention of a broadcast is more likely that the process responding to it is an unknown 
one and separate from the client process. You can prove this by replicating one of your 
receivers presented so far and creating a separate .apk file from it. Then when you fire off 
the event from Listing 16-1, you will see that both the in-process receivers (those that are in 
the same project or .apk file) and out-of-process receivers (those that are in a separate .apk 
file) are invoked. You will also see through the LogCat messages that the in-process and out- 
of-process receivers run in their respective main threads.

However, after API 12 (Android 3.1) there are some wrinkles around broadcast receivers that 
are in external processes. This is due to the launch model adapted by the SDK for security 
concerns. You can read about this more in one of the reference links provided for this 
chapter. With this change an application when installed will be in a stopped state. Intents 
that can start components can now specify to target those applications that are only in 
started state. By default the old behavior persists. However, for broadcast intents the system 
automatically adds a flag to exclude applications that are in stopped state. To overcome the 
previous point, one can explicitly set an intent flag on the broadcast intent to include those 
stopped applications as valid targets. This is what you see in codę Listing 16-1.

We have included an additional separate stand-alone project called 
StandaloneBroadcastReceiver in the chapter’s downloadable ZIP file ProAndroid5_ 
Chl6_TestReceivers.zip to test this concept. To try it, you have to deploy both 
the invoking project TestBroadcastReceiver and the stand-alone receiver’s project 
StandloneBroadcastReceiver on the emulator. You can then use the TestBroadcastReceiver 
project to send the broadcast event and monitor the LogCat for the receivers responding 
from the StandaloneBroadcastReceiver.

Using Notifications from a Receiver
Broadcast receivers often need to communicate to the user about something that happened 
or as a status. This is usually done by alerting the user through a notification icon in the 
system-wide notification bar. We will now show you how to create a notification from a 
broadcast receiver, send it, and view it through the notification manager.
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Monitoring Notifications Through the Notification Manager
Android shows icons of notifications as alerts in the notification area. The notification area 
ls located at the top of device in a strip that looks like Figure 16-1. The look and placement 
°f the notification area may change based on whether the device is a tablet or a phone and 
may at times also change based on Android release.

©Mil®
-—----------------- —— -------------------------- ■

F'gure 16-1. Android notification icon status bar

. he notification area shown in Figure 16-1 is called the status bar. It contains system 
lriclicators such as battery strength, signal strength, and so on. When we deliver a 
Potification, the notification will appear as an icon in the area shown in Figure 16-1.

he notification icon is illustrated in Figure 16-2.

I 10:56 pm I

Test Broadcast Receiver
Your debugwill appear here 
broadcast

figure 16-2. Status bar showing a notification icon

^he notification icon is an indicator to the user that something needs to be observed. To see 
e fuli notification, you have to hołd a finger on the icon and drag the title strip shown in 
'9ure 16-2 down like a curtain. This will expand the notification area, as shown in Figure 16-3.
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Figurę 16-3. Expanded notification view

In the expanded view of the notification in Figurę 16-3, you get to see the details supplied 
to the notification. You can click the notification detail to fire off the intent to bring up the fuli 
application to which the notification belongs. You can use this view to elear notifications. 
Also depending on the device and release there may be alternate ways of opening the 
notifications. Lets see now how to generate a notification icon like the one shown in 
Figures 16-2 and 16-3.

Sending a Notification
When you create a notification object, it needs to have the following elements:

■ An icon to display

■ Ticker text like “hello world”

■ The time when it is delivered
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Once you have a notification object constructed, you get the notification manager reference 
by asking the context for a system sen/ice named Context.NOTIFICATION_SERVICE. Then you 
ask the notification manager to send the notification. Listing 16-6 has the source codę for a 
broadcast receiver that sends the notification shown in Figures 16-2 and 16-2.

Listing 16-6. A Receiver That Sends a Notification
^Filename: NotificationReceiver.java
//project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip
Public class NotificationReceiver extends BroadcastReceiver {

private static finał String tag = "Notification Receiver";
@0verride
public void onReceive(Context context, Intent intent) {

Log.d(tag, "intent=" + intent);
String message = intent.getStringExtra("message");
Log.d(tag, message);
this.sendNotification(context, message);

priwate woid sendNotification(Context ctx, String message) {
//Get the notification manager
String ns = Context.NOTIFICATION_SERVICE;
NotificationManager nm =

(NotificationManager)ctx.getSystemService(ns);
//Prepare Notification Object Details
int icon = R.drawable.robot;
CharSequence tickerText = "Hello";
long when = System.currentTimeMillis();
//Get the intent to fire when the notification is selected
Intent intent = new Intent(Intent.ACTION_VIEW);
intent.setData(Uri.parse("http://www.google.com"));
Pendinglntent pi = PendingIntent.getActivity(ctx, 0, intent, 0);
//Create the notification object through the builder
Notification notification =

new Notification.Builder(ctx)
.setContentT itle("title")
.setContentText(tickerText)
.setSmalllcon(icon)
.setWhen(when)
.setContentlntent(pi)
.setContentInfo("Addtional Information:Content Info")
.build();

//Send notification
//The first argument is a unique id for this notification.
//This id allows you to cancel the notification later
//This id also allows you to update your notification
//by creating a new notification and resending it against that id 
//This id is unique with in this application 
nm.notify(l, notification);

http://www.google.com
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The content view of a notification is displayed when the notification is expanded. This is 
what you see in Figure 16-2. The content view needs to be a RemoteViews object. However, 
we don’t pass a content view directly. Based on the parameters passed to the Builder 
object, the Builder object creates an appropriate RemoteViews object and sets it on the 
notification. The Builder interface also has a method to directly set the content view as a 
whole if needed.

The steps for directly using remote views for a content view of a notification are as follows:

1. Create a layout file.

2. Create a RemoteViews object using the package name and the layout 
file ID.

3. Cali setContent() on the Notification.Builder object before calling 
the buildO method to create the notification object, which is then sent 
to the notification manager.

Keep in mind that only a limited set of Controls may participate in a remote view, such as FrameLayout, LinearLayout, RelativeLayout, AnalogClock, Button,Chronometer, ImageButton, ImageView, ProgressBar, TextView.
The code in Listing 16-6 creates a notification using the Builder object to set the implicit 
content view (through title and text) and the intent to fire (in our case, this intent is the 
browser intent). A new notification can be created to be resent through the notification 
manager in order to update the previous instance of it using the unique ID of the notification. 
The ID of the notification, which is set to 1 in Listing 16-6, is unique within this application 
context. This uniqueness allows us to continuously update what is happening to that 
notification and also cancel it if needed.

You may also want to look at the various flags available while creating a notification, such 
as FLAG_NO_CLEAR and FLAG_ONGOING_EVENT, to control the persistence of these notifications. 
You can use the following URL to check these flags:

http://developer.android.com/reference/android/app/Notification.html

Starting an Activity in a Broadcast Receiver
Although you’re advised to use the notification manager when a user needs to be informed, 
Android does allow you to spawn an activity explicitly. You can do this by using the usual 
startActivity() method but with the following flags added to the intent that is used as the 
argument to the startActivityQ:

■ Intent.FLAG_ACTIVITY_NEW_TASK
■ Intent.FLAG_FROM_BACKGROUND
■ Intent.FLAG_ACTIVITY_SINGLE_TOP

http://developer.android.com/reference/android/app/Notification.html
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Exploring Long-Running Receivers and Services
far, we have covered the happy path of broadcast receivers where the execution of a 

broadcast receiver is unlikely to take more than 10 seconds. The problem space is a bit 
c°niplicated if we want to perform tasks that take longer than 10 seconds.

understand why, lets review a few facts about broadcast receivers:

A broadcast receiver, like other components of an Android process, runs 
on the main thread. Hence holding up the codę in a broadcast receiver 
will hołd up the main thread and will result in ANR. The time limit on a 
broadcast receiver is 10 seconds compared to 5 seconds for an activity. 
It is a bit of a reprieve, but not very much.

The process hosting the broadcast receiver will start and terminate 
along with the broadcast receiver execution. Hence the process will not 
stick around after the broadcast receiver’s onReceive() method returns. 
Of course, this is assuming that the process contains only the broadcast 
receiver. If the process contains other components, such as activities or 
sen/ices, that are already running, then the lifetime of the process takes 
these component life cycles into account as well.

Unlike a sen/ice process, a broadcast receiver process will not get 
restarted.

If a broadcast receiver were to start a separate thread and return to the 
main thread, Android will assume that the work is complete and will 
shut down the process even if there are threads running, bringing those 
threads to an abrupt stop.

Android automatically acquires a partial wake lock when invoking a 
broadcast sen/ice and releases it when it returns from the sen/ice in the 
main thread. A wake lock is a mechanism and an API class available in 
the SDK to keep the device from going to sleep or to wake it up if it is 
already asleep.

Qiven these predicates, how can we execute longer-running codę in response to a 
roadcast event?

Understanding Long-Running Broadcast Receiver Protocol
answer lies in resolving the following:

We will clearly need a separate thread so that the main thread can get 
back and avoid ANR messages.

To stop Android from killing the process and hence the worker thread, 
we need to tell Android that this process contains a component, such 
as a service, with a life cycle. So we need to create or start that sen/ice. 
The sen/ice itself cannot directly do the work for more than 5 seconds 
because that happens on the main thread, so the sen/ice needs to start 
a worker thread and let the main thread go.
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■ For the duration of the worker thread’s execution, we need to hołd on to 
the partial wake lock so that the device won’t go to sleep. A partial wake 
lock will allow the device to run codę without turning on the screen and 
so on, which allows for longer battery life.

■ The partial wake lock must be obtained in the main linę codę of the 
receiver; otherwise, it will be too late. For example, you cannot do this 
in the sen/ice, because it may be too late between the startService() 
being issued by the broadcast receiver and the onStartCommand() of a 
sen/ice that begins execution.

■ Because we are creating a sen/ice, the sen/ice itself can be brought 
down and brought back up because of low-memory conditions. If this 
happens, we need to acquire the wake lock again.

■ When the worker thread started by the onStartCommand() method of the 
sen/ice completes its work, it needs to tell the sen/ice to stop so that it 
can be put to bed and not brought back to life by Android.

■ It is also possible that more than one broadcast event can occur. Given 
that, we need to be cautious about how many worker threads we need 
to spawn.

Given these facts, the recommended protocol for extending the life of a broadcast receiver 
is as follows:

1. Get a (static) partial wake lock in the onReceive() method of the 
broadcast receiver. The partial wake lock needs to be static to allow 
communication between the broadcast receiver and the sen/ice. 
There is no other way of passing a reference of the wake lock to the 
sen/ice, as the sen/ice is invoked through a default constructor that 
takes no parameters.

2. Start a local sen/ice so that the process won’t be killed.

3. In the sen/ice, start a worker thread to do the work. Do not do the 
work in the onStart () method of the sen/ice. If you do, you are 
basically holding up the main thread again.

4. When the worker thread is done, tell the sen/ice to stop itself either 
directly or through a handler.

5. Have the sen/ice turn off the static wake lock.

Understanding lntentService
Recognizing the need for a sen/ice to not hołd up the main thread, Android has provided a 
utility local sen/ice implementation called IntentService to offload work to a worker thread 
so that the main thread can be released after scheduling the work to the subthread. Under 
this scheme, when you cali startService() on an IntentSen/ice, the IntentSen/ice will 
gueue that reguest to a subthread using a looper and a handler so that a derived method 0 
the IntentSen/ice is called to do the actual work on a single worker thread. 



CHAPTER 16: Broadcast Recewers and Long-Running Sen/ices 353

^ere is what the API documentation for IntentService says:

lntentService is a base class for Sen/ices that handle asynchronous 
requests (expressed as Intents) on demand. Clients send requests through 
startService(lntent) calls; the sen/ice is started as needed, handles each 
Intent in turn using a worker thread, and stops itself when it runs out of work. 
This “work queue processor” pattern is commonly used to offload tasks 
from an application 's main thread. The lntentService class exists to simplify 
this pattern and take care of the mechanics. To use it, extend lntentService 
and implement onHandlelntent(lntent). IntentSen/ice will receive the Intents, 
launch a worker thread, and stop the sen/ice as appropriate. All requests 
are handled on a single worker thread—they may take as long as necessary 
(and will not błock the application's main loop), but only one request will be 
processed at a time.

This idea is demonstrated using a simple example in Listing 16-7. You extend the 
IntentService and provide what you want to do in the onHandleIntent() method.

bsting 16-7. Using IntentServi.ce
^°u can see file Test30SecBCRService.java for example
Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip 

Public class MyService extends IntentService {
Public MyService()
{ super("some-java-package-like-name-used-for-debugging"); }
protected void onHandle!ntent(Intent intent) {

//log thread signature if you want to see that it is running on a separate thread 
//Ex: Utils.logThreadSignature("MyService");
//do the work in this subthread 
//and return

Once you have a sen/ice like this, you can register this sen/ice in the manifest file and 
^Se client codę to invoke this sen/ice as context.startService(new Intent(context, 
^yService.class)). This will result in a cali to onHandle!ntent() in Listing 16-7. You will 
^°tice that if you were to use the commented out method Utils.logThreadSignature() in 
Listing 16-7 in your actual codę, it will print the ID of the worker thread and not the main 
hread. You can see the Utils class in the project and download references listed in the 

comments section of Listing 16-7.

Extending lntentService for a Broadcast Receiuer
^r°m the perspectiye of a broadcast receiver, an IntentService is a wonderful thing. It lets us 
eXecute long-running codę without blocking the main thread. Not only that, being a sen/ice, 

IntentService provides a process that keeps running when the broadcast codę returns.
0 can we use the IntentService for the needs of a long-running operation? Yes and no.
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Yes, because the IntentService does two things: First, it keeps the process running 
because it is a sen/ice. Second, it lets the main thread go and avoids related ANR messages-

To understand the “no” answer, you need to understand wake locks a bit morę. When a 
broadcast receiver is invoked through an alarm manager, the device may not be on. So the 
alarm manager partially turns on the device Gust enough to run the code without any Ul) 
by making a cali to the power manager and requesting a wake lock. The wake lock gets 
released as soon as the broadcast receiver returns.

This leaves the IntentService invocation without a wake lock, so the device may go to sleep 
before the actual code runs. However, IntentService, being a general-purpose extension 
to a sen/ice, it does not acquire a wake lock. So we need further props on top of an 
IntentService. We need an abstraction.

Mark Murphy has created a variant of the IntentService called WakefulIntentService 
that keeps the semantics of using an IntentService but also acquires the wake lock and 
releases it properly under a variety of conditions. You can look at his implementation at 
http://github.com/commonsguy/cwac-wakeful.

Exploring Long-Running Broadcast Service Abstraction
WakefulIntentService is a good abstraction. However, we want to go a step further so that 
our abstraction parallels the method of extending IntentService as in Listing 16-7 and does 
everything that an IntentService does but also provides few morę benefits:

■ Pass the original intent that was passed to the broadcast receiver to the 
overridden method onHandlelntent. This allows us to largely hide the 
broadcast receiver, simulating a programming experience that a sen/ice 
is started in response to a broadcast message. This is really the goal for 
this abstraction while some extras are thrown in.

■ Acquire and release wake locks (similar to WakefulIntentService).

■ Deal with a sen/ice being restarted.

■ Allow a uniform way to deal with the wake lock for multiple receivers 
and multiple sen/ices in the same process.

We will cali this abstract class ALongRunningNonStickyBroadcastService. As the name 
suggests, we want this sen/ice to allow for long-running work. It will also be specifically built 
for a broadcast receiver. This sen/ice will also be nonsticky (we will explain this concept later 
in the chapter, but briefly, this indicates that Android will not start the sen/ice if there are no 
messages in the queue). To allow for the behavior of an IntentService, it will extend the 
IntentService and override the onHandlelntent method.

Combining these ideas, the abstract ALongRunningNonStickyBroadcastService sen/ice will 
have a signature that looks like Listing 16-8.

http://github.com/commonsguy/cwac-wakeful
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Listing 16-8. Long-Running Sen/ice Abstract Idea
Public abstract class ALongRunningNonStickyBroadcastService extends IntentService { 
//...other implementation details
//the following method will be called by the onHandlelntent of IntentService 
//this is where the actual work happens in this derived abstract class
Protected abstract void handleBroadcastIntent(Intent broadcastlntent);

//•..other implementation details

}

^be implementation details for this ALongRunningNonStickyBroadcastService are a touch 
'bYoh/ed, and we will cover them soon after we explain why we are going after this type of 
Service. We want to demonstrate first the utility and simplicity of having it.
Once we have this abstract class of Listing 16-8, the MyService example in Listing 16-7 can 
be rewritten as in Listing 16-9.

Listing 16-9. Long-Running Sen/ice Sample Usage
Public class MyService extends ALongRunningNonStickyBroadcastService { 

//..other implementation details
protected void handleBroadcast!ntent(Intent broadcastlntent) {

//You can use the following method to see which thread runs this codę 
//Utils.logThreadSignature("MyService");
//do the work here
//and return

}
//..other implementation details

}~be simplicity of Listing 16-9 is that this codę is invoked as soon as a client fires off a 
°roadcast intent. Especially the fact that you are receiving directly, unmodified, the same 
'ntent that invoked the broadcast receiver. It is as if the broadcast receiver has disappeared 
r°rn the solution.

you can see, you can extend this new long-running sen/ice class (just like IntentService 
WakefulIntentService) and override a single method and do very little to nothing in 

be broadcast receiver. Your work will be done in a worker thread (thanks to IntentService) 
'without blocking the main thread.
bisting 16-9 is a simple example demonstrating the concept. Let’s turn to a more complete 
lrnPlementation that implements a long-running sen/ice that can run for 60 seconds in 
response to a broadcast event (proving that we can run for more than 10 seconds and avoid 

ANR message). We will cali this sen/ice appropriately Test6oSecBCRService (BCR stands
Or broadcast receiver), and its implementation is shown in Listing 16-10.

Listing 16-10. Source codę for Test60SecBCRService
^FHename: Test30SecBCRService.java

Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip
PPulic class Test60SecBCRService extends ALongRunningNonStickyBroadcastService {

Public static String tag = "Test60SecBCRService";
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//Required by IntentService to pass the classname for debug needs 
public Test60SecBCRService(){

super("com.androidbook.service.Test6O5ecBCRService");
}
/* Perform long-running operations in this method.

* This is executed in a separate thread.
*/

@0verride
protected void handleBroadcast!ntent(Intent broadcastlntent) { 

//Utils class is in the download project mentioned 
Utils.logThreadSignature(tag);
Log.d(tag,"Sleeping for 60 secs");
//Use the thread to sleep for 60 seconds
Utils.sleepForlnSecs(60);
String message =

broadcastlntent.getStringExtra("message");
Log.d(tag/'1ob completed");
Log.d(tag,message);

}

As you can see, this code successfully simulates doing work for 60 seconds and still avoids 
the ANR message. The utility methods in Listing 16-10 are self-explanatory and available in 
the download projects for this chapter. The project name and download filename are in the 
comments section of the code in Listing 16-10.

Designing A Long-Running Receiver
Once we have the long-running service in Listing 16-10, we need to be able to invoke 
the sen/ice from a broadcast receiver. Again we are going after an abstraction to hide the 
broadcast receiver as much as possible.

The first goal of a long-running broadcast receiver is to delegate the work to the 
long-running sen/ice. To do this, the long-running receiver will need the class name of the 
long-running sen/ice to invoke it. The second goal is to acquire a wake lock. The third goal 
is to transfer the original intent that the broadcast receiver is invoked on to the sen/ice. 
We will do this by sticking the original intent as a Parcelable in the intent extras. We will 
use original_intent as the name for this extra. The long-running sen/ice then extracts 
original_intent and passes it to the overridden method of the long-running sen/ice (you 
see this later in the implementation of the long-running sen/ice). This facility thus gives the 
impression that the long-running sen/ice is indeed an extension of the broadcast receiver.

Let us abstract out these three things and provide a base class. The only bit of information 
this long-running receiver abstraction needs is the name of the long-running sen/ice class 
(LRSClass) through an abstract method called getLRSClass().

Putting these needs together, source code for the implementation of the abstract class 
ALongRunningReceiver is in Listing 16-11.
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Listing 16-11. ALongRunningReceiver Abstraction
//Filename: ALongRunningReceiver.java
//Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip 
Public abstract class ALongRunningReceiver extends BroadcastReceiver {

private static finał String tag = "ALongRunningReceiver";
@0verride
public void onReceive(Context context, Intent intent) {

Log.d(tag,"Receiver started");
//LightedGreenRoom abstracts the Android WakeLock
//to keep the device partially on.
//In short this is equivalent to turning on
//or acquiring the wake lock.
LightedGreenRoom.setup(context);
startService(context,intent);
Log.d(tag,"Receiver finished");

}
private void startService(Context context, Intent intent) {

Intent servicelntent = new Intent(context,getLRSClass()); 
servicelntent.putExtra("original_intent", intent);
context.startService(servicelntent);

}
/*

* Override this method to return the
* "class" object belonging to the
* nonsticky service class.
*/

public abstract Class getLRSClass();

the preceding broadcast receiver codę, you see references to a class called 
LightedGreenRoom. This is a wrapper around a static wake lock. In addition to being a wake 
lock, this class tries to cater to working with multiple receivers, multiple services, etc., so 
that all waki-ness is properly coordinated. For the purpose of understanding, you can treat 

as if it is a static wake lock. This abstraction is called a LightedGreenRoom because it is 
aimed at saving power for the device like the various “green” movements. Furthermore it is 
called “Lighted” because it starts off being “lighted” first as the broadcast receiver turns it 
Qn as soon as it is kicked off. The last service to use it will turn it off.
^hce the receiver abstraction is available, you’ll need a receiver that works hand in hand 
w*th the 60-second long-running sen/ice in Listing 16-11. Such a receiver is provided in 
Listing 16-12.

^ting 16-12. A Sample Long-Running BroadcastReceiver, Test6oSecBCR
//Filename: TestóOSecBCR.java
//Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip 
Public class Test6OSecBCR extends ALongRunningReceiver {

@0verride
Public Class getLRSClass() {

Utils.logThreadSignature("TestóOSecBCR");
return Test60SecBCRService.class;
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Just like the sen/ice abstraction in Listings 16-10 and 16-11, the codę in Listing 16-12 
uses an abstraction for the broadcast receiver. The receiver abstraction starts the sen/ice 
indicated by the sen/ice class returned by the getLRSClass() method.

Thus far, we have demonstrated why we needed the two important abstractions to 
implement long-running sen/ices invoked by broadcast receivers:

■ ALongRunningNonStickyBroadcastService (Listing 16-8)
■ ALongRunningReceiver (Listing 16-11)

Abstracting a Wake Lock with LightedGreenRoom
As mentioned earlier, the primary purpose of the LightedGreenRoom abstraction is to simplify 
the interaction with the wake lock, and a wake lock is used to keep the device on during 
background processing. You really don’t need the details of the implementation of the 
LightedGreenRoom, but merely its interface and the calls that are madę against it. Just 
keep in mind that it is a thin wrapper around the Android SDK wake lock. In its simplest 
implementation, it can just be as simple as turning the wake lock on (acquire) and off 
(release). Listing 16-13 shows how a wake lock is used typically as stated in the SDK.

Listing 16-13. Psuedocode for working with the klakę Lock API
//Get access to the power manager sen/ice 
PowerManager pm =

(PowerManager)inCtx.get$ystemService(Context.POWER_SERVICE);

//Get hołd of a wake lock 
PowerManager.WakeLock wl = 

pm.newWakeLock(PowerManager.PARTIAL_WAKE_LOCK, tag);

//Acquire the wake lock 
wl.acquire();

//do some work
//while this work is being done the device will be on partially

//release the Wakelock 
wl.release();

Given this interaction, the broadcast receiver is supposed acquire the lock, and when the 
long-running sen/ice is finished, it needs to release the lock. As said earlier there is no good 
way to pass the wake lock variable to the sen/ice from the broadcast receiver. The only way 
the sen/ice knows about this wake lock is to use a static or application-level variable.

Another difficulty in acquiring and releasing a wake lock is the reference count. As a 
broadcast receiver is invoked multiple times, if the invocations overlap, there are going to 
be multiple calls to acquire the wake lock. Similarly, there are going to be multiple calls to 
release. If the number of acquire and release calls don’t match, we will end up with a wake 
lock that at worst keeps the device on for far longer than needed. Also, when the sen/ice is 
no longer needed and the garbage collection runs, if the wake lock counts are mismatched. 
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there will be a runtime exception in the LogCat. These issues have prompted us to do our 
best to abstract the wake lock as a LightedGreenRoom to ensure proper usage. There will be 
°ne of these objects per process that keeps a wake lock and ensures it is turned on and off 
Properly. The included project has an implementation for this class. If you find that code too 
complicated due to the number of conditions it takes into account, you can just start with a 
simple static variable and turn it on and off as the sen/ice starts and closes and refine it to 
suit your particular conditions.
A reasonable approach for the broadcast receiver and the sen/ice to communicate with each 
°ther is through a static variable. Instead of making WakeLock static, we have madę the entire 
LightedGreenRoom a static instance. However, every other variable inside LightedGreenRoom 
stays local and nonstatic.
Every public method of LightedGreenRoom is also exposed as a static method for 
convenience. We have used the convention of naming these methods starting with "s_". 
You can choose, instead, to get rid of the static methods and directly cali the single object 
^stance of LightedGreenRoom.

Implementing a Long-Running Service
Yo present the long-running sen/ice abstraction, we have to take one morę detour to explain 
Lhe lifetime of a sen/ice and how it relates to the implementation of onStartCommand. This is 
Lhe method that is ultimately responsible for starting the worker thread and the semantics of 
a service.
'A/hen a sen/ice is started through startService, the sen/ice gets created first, and its 
°nStartCommand method is called. Android has provisions to keep this process in memory 
So that the sen/ice can be completed even when sen/ing multiple incoming client requests. 
However, under demanding memory conditions, Android may choose to reclaim the process 
ahd cali the onDestroyO method of the sen/ice.

Notę Android tries to cali the onDestroyO method for a sen/ice to reclaim its resources when 
the sen/ice is not executing its onCreate(), onStart(), or onDestroyO method, or in other 
words when the sen/ice is idle.

Ltowever, unlike an activity that is shut down, a sen/ice is scheduled to restart again when 
resources are available if there are pending startService intents in the queue. The sen/ice 
WII be woken up and the next intent delivered to it via onStartCommand(). Of course, 
°nCreateO will be called when the sen/ice is brought back.
because sen/ices are automatically restarted if they are not explicitly stopped, it is 
reasonable to think that, unlike activities and other components, a sen/ice component is 
PDdamentally a sticky component.
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Understanding a Nonsticky Service
A sen/ice will not be automatically restarted if a client explicitly calls stopService. Depending 
on how many clients are still connected, this stopService method can move the sen/ice into 
a stopped state, at which time the service’s onDestroy method is called and the sen/ice life 
cycle is complete. Once a sen/ice has been stopped like this by its last client, the sen/ice will 
not be brought back.

This protocol works well when everything happens as per design, where start and stop 
methods are called and executed in sequence and without a miss. Prior to Android 2.0, 
devices have seen a lot of sen/ices hanging around and claiming resources even though 
there was no work to be done, meaning Android brought the sen/ices back into memory 
even though there were no messages in the queue. This would have happened when 
stopService was not invoked either because of an exception or because the process was 
taken out between onStartCommand and stopService.

Android 2.0 introduced a solution so that we can indicate to the system, if there are no 
pending intents, that it shouldn’t bother restarting the sen/ice. This is done by returning the 
nonsticky flag (Service.START_NOT_STICKY) from onStartCommand.

However, nonsticky is not really that nonsticky. Even if we mark the sen/ice as nonsticky, if 
there are pending intents, Android will bring the sen/ice back to life. This setting applies only 
when there are no pending intents.

Understanding a Sticky Service
What does it mean for a sen/ice to be really sticky then? The sticky flag (Service.START_ 
STICKY) means that Android should restart the sen/ice even if there are no pending intents. 
When the sen/ice is restarted, cali onCreate and onStartCommand with a nuli intent.
This will give the sen/ice an opportunity, if need be, to cali stopSelf if that is appropriate. 
The implication is that a sen/ice that is sticky needs to deal with nuli intents on restarts.

Understanding Redeliver Intents Option
Local sen/ices in particular follow a pattern where onStart and stopSelf are called in pairs. 
A client calls onStart. The sen/ice, when it finishes that work, calls stopSelf. If a sen/ice 
takes, say, 30 minutes to complete a task, it will not cali stopSelf for 30 minutes. Meanwhil6’ 
the sen/ice is reclaimed due to low-memory conditions and higher-priority jobs. If we use the 
nonsticky flag, the sen/ice will not wake up, and we would never have called stopSelf.

Many times, this is OK. However, if you want to make surę whether these two calls happen 
for surę, you can tell Android not to unqueue the start event until stopSelf is called.
This ensures that when the sen/ice is reclaimed, there is always a pending event unless the 
stopSelf is called. This is called redeliver modę, and it can be indicated in reply to the 
onStartCommand method by returning the Sen/ice. START_REDELIVER_INTEI\IT flag.
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Coding a Long-Running Service
Now that you have the background on IntentService, service-start flags, and the lighted 
9reen room, we’re ready to take a look at the long-running service in Listing 16-14.

Listing 16-14. A Long-Running Service Abstraction
//Filename: ALongRunningNonStickyBroadcastService.java
/Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip

Public abstract class ALongRunningNonStickyBroadcastSen/ice
extends IntentService {

public static String tag = "ALongRunningBroadcastService";
//This is what you override to do your work
protected abstract void
handleBroadcastlntent(Intent broadcastlntent);

public ALongRunningl\lonStickyBroadcastService(String name){ 
super(name);

/*
* This method can be invoked under two circumstances
* 1. When a broadcast receiver issues a "startService"
* 2. when android restarts this sen/ice due to pending "startService" intents.

* In case 1, the broadcast receiver has already
* set up the "lightedgreenroom" and thereby gotten the wake lock

* In case 2, we need to do the same.
*/

@0verride
Public void onCreate() {

super.onCreate();

//Set up the green room
//The setup is capable of getting called multiple times.
LightedGreenRoom.setup(this.getApplicationContext());

//It is possible that more than one sen/ice of this type is running.
//Knowing the number will allow us to clean up the wake locks in ondestroy. 
LightedGreenRoom. s_registerClient ();

@0verride
Public int on$tartCommand(Intent intent, int flag, int startld) {

//Cali the IntentSen/ice "onstart"
super.onStart(intent, startld);

//Tell the green room there is a visitor 
LightedGreenRoom.s_enter();
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//mark this as nonsticky
//Means: Don't restart the sen/ice if there are no
//pending intents.
return Sen/ice.START_NOT_STICKY;

}
/*

* Notę that this method cali runs in a secondary thread setup by the IntentSen/ice.
*
* Override this method from IntentService.
* Retrieve the original broadcast intent.
* Cali the derived class to handle the broadcast intent.
* finally tell the lighted room that you are leaving.
* if this is the last visitor then the lock
* will be released.
*/

@0verride
finał protected void onHandle!ntent(Intent intent) { 

try {
Intent broadcastlntent
= intent.getParcelableExtra("original_intent"); 
handleBroadcastlntent(broadcastlntent);

}
finally {

//release the wake lock if you are the last one 
LightedGreenRoom.s_leave();

}
}
/* If Android reclaims this process, this method will release the lock

* irrespective of how many visitors there are.
*/

@0verride
public void onDestroyO {

super.onDestroyO;
//Do any cleanup, if needed, when a sen/ice no longer needs a wake lock 
LightedGreenRoom.s_unRegisterClient();

}
}

This class extends IntentSen/ice and gets all the benefits of a worker thread as set up by 
IntentSen/ice. In addition, it specializes the IntentService further so that it is set up as a 
nonsticky sen/ice. From a developer’s perspective, the primary method to focus on is the 
abstract handleBroadcastlntentO method. Listing 16-15 shows you how to set up the 
receiver and the corresponding sen/ice in the manifest file.

Listing 16-15. The Long-Running Receiver and Sen/ice Definition
<! —
In filename: AndroidManifest.xml
Project: StandaloneBroadcastReceiver, Download: ProAndroid5_Chl6_TestReceivers.zip
-->
cmanifest...>
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Application... .>
<receiver android:name=".Test6OSecBCR">

<intent-filter>
<action android:name="com.androidbook.intents.testbc"/>

</intent-filter>
</receiver>
<service android:name=".Test60SecBCRService"/>
<,zapplication>

<uses-permission android:name="android.permission.WAKE_LOCK"/>
</manifest>

Notice that you will need the wake lock permission to run this long-running receiver 
abstraction. Complete source codę for all of the receivers and long-running sen/ices is 
a^ailable in the downloadable projects for this chapter. Listing 16-15 brings out the essence 
of the long-running sen/ices invoked by a broadcast receiver. This abstraction States that 
Vou write a couple of lines to create a receiver like the TestóoSecBCR (Listing 16-12), and 
£en write a java method similar to the one in codę Test60SecBCRService (Listing 16-10).

the receiver and the java method that you want to run for a long time, you can execute 
that method in response to the broadcast event. This abstraction ensures that the method 
then can run as long as it takes without producing an ARM. The abstraction takes care of 
a) keeping the process alive, b) calling the sen/ice, c) taking care of the wake lock, and d) 
transferring the broadcast intent to the sen/ice. In the end this abstraction simulates “calling 
a method that can execute without time limits” from a broadcast event.

Additional Topics in Broadcast Receivers
to space limitations, we are not able to cover all aspects of broadcast receivers in this 

°ok. One topie we haven’t covered at all is the security opportunities available to restrict 
°th sending and receiving broadcasts. You can use the export attribute on a receiver to 

a|low whether it can be invoked from external processes or not. You can also enable or 
a|sable a receiver either through the manifest file or programmatically. We have also not 
c°vered a method called sendOrderBroadcast that facilitates calling broadcast receivers in 
an order jnc|uding Chaining them. You can read up on these aspects from the main API does 
Or the BroadcastReceiver class.
^Urthermore, in version 4 of the Android support library SDK there is a class called 
°calBroadcastManager that is used to optimize calls to broadcast receivers that are strictly 
°cal. Being local, all security limitations need not be considered. As per the SDK, there is 
lso system-level optimization for when this class is used.

^so in version 4 of the Android support library SDK, there is a class called 
akefulBroadcastReceiver that encapsulates some of the same concepts that we have 
°vered for long-running sen/ice needs.
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References
Here are helpful references to the topics that are covered in this chapter:

■  BroadcastReceiver.html: The BroadcastReceiver API. You will 
find at this link morę about ordered broadcasts and about the BroadcastReceiver life cycle. This is an excellent resource.

http://developer.android.com/reference/android/content/

■  content/WakefulBroadcastReceiver.html: Android API reference.http://developer.android.com/reference/android/support/v4/
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with long-running sen/ices.

http://developer.android.com/reference/android/app/Service.html

■  NotificationManager.html: The NotificationManager API.http://developer.android.com/reference/android/app/
■ . 

html: The Notification API. You will see here the various options 
available for working with a notification, such as content views and 
sound effects.

http://developer.android.com/reference/android/app/Notification

■  RemoteViews.html: The RemoteViews API. RemoteViews are used to 
construct custom detailed views of notifications.

http://developer.android.com/reference/android/widget/

■ : Authors’ research on 
long-running sen/ices.
http://www.androidbook.com/item/35i4

■ : Authors’ research on 
broadcast receivers. This notę also explains how to start an activity from 
a receiver.
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■ : A list of 
downloadable projects from this book. For this chapter, look for a ZIP 
file named ProAndroid5_Chl6_TestReceivers.zip. This ZIP file has two 
projects: TestBroadcastReceiver and StandaloneBroadcastReceiver. 
The latter is dependent on the former, so install them in that order. The 
source code snippets in this chapter are annotated with their filenames 
and in what projects they are available.

http://www.androidbook.com/proandroid5/projects

Summary
In this chapter, we have covered broadcast receivers, notification managers, and the role 
of sen/ice abstraction in putting broadcast receivers to their best use. We also have given a 
practical abstraction to simulate long running broadcast sen/ices out of broadcast receivei'5’
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Exploring the Alarm Manager

Chapter

n Android an intent object is used to start a Ul activity, a background sen/ice, or a broadcast 
receiver. Normally these intents are triggered by user actions. In Android you can also use 
ą|arms to trigger broadcast intents, mind you, only broadcast intents. The invoked broadcast 
receivers then can choose to start an activity or a sen/ice.
In this chapter you will learn about the alarm manager API. Alarm manager API is used to 
Schedule a broadcast intent to go off at a particular time. We will refer to this process of 
scheduling a broadcast intent at a particular time as setting an alarm.

will also show you how to Schedule alarms that repeat at regular inten/als. We will show 
Vou how to cancel alarms that are already set.
^hen an intent object is stored to be used at a later time, it is called a pending intent. As alarm 
Managers use pending intents all the time you will get to see the usage and intricacies of 
hending intents as well in this chapter.

Setting Up a Simple Alarm
will Start the chapter with setting an alarm at a particular time and having it cali a 

roadcast receiver. Once the broadcast receiver is invoked, you can use the information 
r°rn Chapter 16 to perform both simple and long-running operations in that broadcast 

receiver.
Fetting access to the alarm manager is simple and is shown in Listing 17-1.

listing 17- /. Getting Access to an Alarm Manager

filename: SendAlarmOnceTester.java
iarmManager am =

(AlarmManager)
anyContextObj ect.getSystemService(Context.ALARM_SERVICE);

365
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The variable anyContextObject refers to a context object. For example, if you are invoking
this codę from an activity menu, the context yariable will be the actiyity. To set the alarm for
a particular datę and time, you will need an instance in time identified by a Java Calendar
object. Listing 17-2 shows a utility function that gives you a calendar object for some
specified time instant after the current time.

Listing 17-2. A Few Useful Calendar Utilities
//In filename: Utils.java
public class Utils {

public static Calendar getTimeAfterInSecs(int sees) {
Calendar cal = Calendar.getlnstance();
cal.add(Calendar.SECOND,sees);
return cal;

}
}

In the downloadable project for this chapter, you will see lot more calendar-based Utilities 
to arrive at a time instance in a number of ways. Now, we need a receiver to set against the 
alarm that we are planning to set. A simple receiver is shown in Listing 17-3.

Listing 17-3. TestReceiver to Test Alarm Broadcasts
//In filename: TestReceiver.java
public class TestReceiver extends BroadcastReceiver {

private static finał String tag = "TestReceiver";
@0verride
public void onReceive(Context context, Intent intent) {

Log.d (tag, "intent=" + intent);
String message = intent.getStringExtra("message");
Log.d(tag, message);

}
}

You will need to register this receiver in the manifest file using the <receiver> tag, as shown 
in Listing 17-4. Receivers are covered in detail in Chapter 16.

Listing 17-4. Registering a Broadcast Receiver
<!-- In filename: AndroidManifest.xml -->
<receiver android:name=".TestReceiver"/>

In Android an alarm is really a broadcast intent that is scheduled for a later time. What 
receiver component this intent should invoke is explicitly (through its classname) specified 
in the intent. Listing 17-5 shows an intent that can be used to invoke the broadcast receiver 
that we had in Listing 17-3.
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Listing 77-5. Creating an IntentPointing to TestReceiver
^/In filename: SendAlarmOnceTester.java
inf60^ = new Intent(mContext, TestReceiver.class);

ent.putExtra("message", "Single Shot Alarm");

also have an opportunity to load the intent with “extras” while creating this intent. 
ecause an alarm manager stores an intent for a later use, we need to create a pending 
ant out of this intent of Listing 17-5. Listing 17-6 shows how to create a pending intent 

Orri a standard intent.

L'StinS 17-g Creating a Pending Intent

p ,filename: SendAlarmOnceTester.java 
n lnglntent pendinglntent =

Pendinglntent.getBroadcast(
mContext, //context, or activity, or service

//request id, used for disambiguating this intent 
intent, //intent to be delivered
°)l //pending intent flags

sift^K we I"1376 asked the Pendinglntent class to construct a pending intent that is 
'table for a broadcast explicitly. The other variations of creating a pending intent are listed 

n L|sting 17-7:

ist‘ng 17.7 Multiple APls for Creating a Pending Intent

to start an activity
//iic1^Intent activityPendingIntent = Pendinglntent.getActivity(..args..);
penc|e to start a sen/ice

lnglntent servicePending!ntent = Pendinglntent.getService(..args..);

t^e'Stin9 17'7> arguments to the methods getActivity() and getService() are similar to 
bro a^9Uments t0 the getBroadcast() method in Listing 17-6. Notę that alarms require a 

a east pending intent and not an activity pending intent or a sen/ice pending intent.

। e wili discuss the request id argument, which we set to 1 in Listing 17-6, in greater detail 
othr ln ehapter. Briefly, it is used to separate two intent objects that are equal in all 
°Ther respects.

's to^g 'ntent flags have little or no influence on the alarm manager. Recommendation 
contUSe n°flags at al1 and use 0 for their values- These intent fla9s are typicaUy useful in 
by r°Hing the lifetime of the pending intent. However, in this case, the lifetime is maintained 
to e alarm manager. For example, to cancel a pending intent, you ask the alarm manager 

cancel it.

Point'We have ^me instance in milliseconds as a Calendar object and the pending intent 
rpg lrig the receiver, we can set up an alarm by calling the set() method of the alarm 

ager "This is shown in Listing 17-8.
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Listing 17-8. Using the Alarm Manager set () Method
//In filename: SendAlarmOnceTester.java 
Calendar cal = Utils.getTimeAfterInSecs(3O); 
//...other code that gets the pendingintent etc 
am.set(AlarmManager.RTC_WAKEUP,

cal.getT imelnMillis(), 
pendingintent);

The first argument to the set()method indicates the wakeup naturę of the alarm and also the 
reference clock that we are going to be using for the alarm. Possible values for this argument 
are AlarmManager.RTC_WAKEUP, AlarmManager.RTC, AlarmManager.ELAPSED_REALTIME, 
AlarmManager.ELAPSED_REALTIME_WAKEUP.

The elapsed word in these constants refers to the time in milliseconds sińce the device is 
recently booted. So, it refers to the device clock. The RTC time refers to the human clock/ 
time that you see on the device when you check your clock on the device. The WAKEUP word 
in these constants refers to the naturę of the alarm, such as whether the alarm should wake 
up the device or just deliver it at the first opportunity when the device eventually wakes up- 
Taken together, the RTC_WAKEUP indicates the use of real-time clock and the device should 
wake up. The constant ELAPSED_REALTIME means use the device clock and don’t wake up 
the device; instead, deliver the alarm at the first opportunity.

When this method of Listing 17-8 is called, the alarm manager will invoke the TestReceivet 
in Listing 17-3, 30 seconds after the calendar time when the method was called and also 
wakes up the device if it is asleep.

Setting Off an Alarm Repeatedly
Let’s now consider how we can set an alarm that goes of repeatedly; see Listing 17-9.

Listing 17-9. Setting a Repeating Alarm
public void sendRepeatingAlarm() {

Calendar cal = Utils.getTimeAfterInSecs(30);

//Get an intent to invoke the receiver
Intent intent = new Intent(this.mContext, TestReceiver.class);
intent.putExtra("message", "Repeating Alarm");

int requestid = 2;
Pendingintent pi = this.getDistinctPendingIntent(intent, requestid);
II Schedule the alarm!
AlarmManager am =

(AlarmManager)
this.mContext.getSystemService(Context.ALARM_SERVICE);

am.setRepeating(AlarmManager.RTC_WAKEUP,
cal.getT imelnMillis(),
5*1000, //5 secs repeat 
pi);
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Protected Pendinglntent getDistinctPending!ntent(Intent intent, int requestld) {
Pendinglntent pi =

Pendinglntent.getBroadcast(
mContext, //context, or activity
requestld, //request id
intent, //intent to be delivered
o);

return pi;

Key elements of the codę in Listing 17-9 are highlighted. A repeating alarm is set by invoking 
the setRepeating() method on the alarm manager object. The primary input to this method 
ls a pending intent pointing to a receiver. We have used the same intent that was created 
'n Listing 17-5, the one pointing to the TestReceiver. However, when we make a pending 
lr,tent out of the intent in Listing 17-5, we alter the unique request codę to a value of 2. If we 
^on’t do this, we will see a bit of odd behavior which we shall explain now. Say we intend 

invoke the same receiver through two different alarms: one alarm that goes off only once 
ar>d another alarm that goes off repeatedly. Because both alarms target the same receiver 
they need to be using an intent that points to the same receiver. Two intents that point to the 
sarrie receiver, without any other difference between them, is considered the same intent.

°> when we tell the alarm manager to set the alarm on intent 1 as a one-time alarm and 
hen set the alarm on intent 2 as a repeated alarm, we might be under the impression that 
hey are two different alarms. Internally, however, both alarms point to the same intent value, 

as intent 1 and intent 2 are the same in their values. This is why an alarm is practically the 
same as its intent on which it is set (especially by value). As a result, the later alarm overrides 

first alarm if the intents are equivalent.
^Sain, two intents are considered the same if they have the same action, type, data, 
categories, or class. The extras are not included in figuring out the unigueness of intents. 

brther, two pending intents are considered the same if their underlying intents are the same 
Sr>d the request IDs match. Because we can use the request ID to distinguish two pending 
lntents, the codę in Listing 17-8 overcomes the similarity of source intents by using the 
request id argument. This request id argument to the Pendinglntent API will separate one 
Pehding intent from the other pending intent when all else matches.

all should make sense if you were to see the pending intent (by value not by its Java 
0 ject reference) itself as the alarm on which you are setting different times.

^ncelling an Alarm
^ode in Listing 17-10 is used to cancel an alarm.

^'sting i7-io. Cancelling a RepeatingAlarm

Public void cancelRepeatingAlarm() {
//Get an intent that was originally
//used to invoke TestReceiver class
Intent intent = new Intent(this.mContext, TestReceiver.class);
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//To cancel, extra is not necessary to be filled in 
//intent.putExtra("message", "Repeating Alarm”);

Pendingintent pi = this.getDistinctPendingIntent(intent, 2);

// Cancel the alarm!
AlarmManager am =

(AlarmManager)
this.mContext.getSystemService(Context.ALARM_SERVICE); 

am.cancel(pi);

To cancel an alarm, we have to construct a pending intent first and then pass it to the alarm 
manager as an argument to the cancel() method. However, you must pay attention to make 
surę that the Pendingintent is constructed the exact same way when setting the alarm, 
including the request code and targeted receiver.

In constructing the cancel intent, you can ignore the intent extras from the original intent 
(Listing 17-10), because intent extras don’t play a role in the uniqueness of an intent, and 
hence cancelling that intent.

Understanding Exactness of Alarms
Prior to API 19, Android fired the alarms as close as possible to the specified time. Since 
AP119, alarms that are close to each other are bundled for battery life. If you need the older 
behavior, there is a version of set() method called setExact(). There is also a method 
called setWindow() that allows room for efficiencies and also allows a guaranteed window. 
Similarly, the method setRepeating() is now inexact. Unlike the setExact() method, there 
is no exact version for setRepeating(). If you have such a need, you have to use the 
setExact() and repeat it yourself multiple times.

Understanding Persistence of Alarms
Another notę on alarms is that they are not saved across device reboots. This means 
you will need to save the alarm settings and pending intents in a persistent storę and 
reregister them based on device reboot broadcast actions, and possibly time-change 
broadcast actions (e.g., intent.ACTION_BOOT_COMPLETED, intent.ACTION_TIME_CHANGED, 
intent.ACTION_TIMEZONE_CHANGED).

References
The following references will help you learn morę about the topics discussed in this chapter-

■ . 
html: The alarm manager API. You will see here signatures for methods 
like set, setRepeating, and cancel.

http://developer.android.com/reference/android/app/AlarmManager

http://developer.android.com/reference/android/app/AlarmManager
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■ http: //developer.android.com/reference/android/app/Pendinglntent.html. 
How to construct a pending intent. Don’t pay too much attention to the 
pending intent flags; they are not that critical to the alarm manager.

■ http: : Quick examples and references for 
working with datę and time classes.

//androidbook.com/item/1040

■ : Our research on alarm managers.http://androidbook.com/item/35O3
■ : A list of downloadable 

projects from this book. For this chapter, look for a ZIP file named 
ProAndroid5_Chi7_TestAlarmManager.zip.

http://androidbook.com/proandroid5/projects

Summary
This chapter explored the Alarm Manager API, which you use to set up and cancel alarms. 
This chapter showed you how to connect an alarm to a broadcast service. This c ap er a so 
showed you how alarms are closely related to intents.

file:////androidbook.com/item/1040
http://androidbook.com/item/35O3
http://androidbook.com/proandroid5/projects
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Exploring 2D Animation
^imation allows an object on a screen to change its color, position, size, or orientation 
°vertime. Animation capabilities in Android are practical, fun, and simple. They are used 
frequently in applications.

^droid 2.3 and prior releases support three types of animation: frame-by-frame animation, 
which occurs when a series of frames is drawn one after the other at regular inten/als, 
ayout animation, where you animate the layout of the views inside a Container such as lists 
and tables; and view animation, in which any view can be animated. In layout animation 

focus is not any given view but the way views come together to form the composite 
aVout. Android 3.0 enhanced animation by extending it to any Java property including t e 
Properties of Ul elements. We will cover the pre-2.3 features first and then cover the 3.0 
eatures right after. Both features are applicable based on your use case.

^ploring Frame-by-Frame Animation
^ame-by-frame animation is where a series of images are shown in succession at quick 
lntervals so that the finał effect is that of an object moving or changing. Figure 18-1 shows 
a set of circles each with a bali at a different position. With a few of these images (which are 
ae frames) you can use animation to have the bali going around the circle.

^Sure is-1. Example image frames for animation

373
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Each circle in Figure 18-1 is a separate image. Give the image a base name of colored_ball
and storę eight of these images in the /res/drawable subdirectory so that you can access
them using their resource IDs. The name of each image will have the pattern colored-ballN,
where N is the digit representing the image number. The animation activity we are planning
will look like Figure 18-2.

Figure 18-2. /! frame-by-frame animation testharness

Primary control in Figure 18-2 is the animation view showing the bali placed on an oval/circle. 
Button at the top is used to start and stop the animation. There is a debug scratch pad at 
the top to log events. Listing 18-1 shows the layout used to create the activity in Figure 18-2’

Listing 18-1. XML Layout File for the Frame Animation Example
<?xml version="l.O" encoding="utf-8"?>
<!-
filename: /res/layout/frame_animations_layout.xml
Download: ProAndroid5_chl8_TestFrameAnimation.zip
-->
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent" android:layout_height="fill_parent">

<TextView android:id="@+id/textViewIdl"
android:layout_width="fill_parent"
android:layout_height="wrap_content" android:text="Debug Scratch Pad"/>

http://schemas.android.com/apk/res/android
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<Button 
android:id="@+id/startFAButtonId" 
android:layout_width="fill_parent" android:layout_height=''wrap_content" 
android:text="Start Animation"/>

<IfflageView
android:id="@+id/animationlmage"
android:layout_width="fill_parent" android:layout_height="wrap_content"/>

v|-inearLayout>

first control is the debug-scratch text control, which is a simple TextView. You then add 
button to start and stop the animation. The last view is the ImageView, which is used to 

P'ay the animation.
^Android, frame-by-frame animation is implemented through the class AnimationDrawable. 

[s class is a Drawable. These objects are commonly used as backgrounds for views.
nimationDrawable, in addition to being a Drawable, can take a list of other Drawable 
^sources (like images) and render them at specified intervals. To use this AnimationDrawable 

th388’ Start W'th a Set °f Drawable resources (for example, a set of images) placed in 
e /res/drawable subdirectory. You will then construct an XML file that defines the 

NimationDrawable using a list of these images (see Listing 18-2). This XML file needs to be 
aced in the /res/drawable subdirectory as well.

List'ng 18-2. XML File Defining the List of Frames to BeAnimated

plenarne: /res/drawable/frame_animation.xml
J^n oad: ProAndroid5_chl8_TestFrameAnimation.zip

ananimation-list xmlnss3nd™id="http://schemas.android.com/apk/res/android" 
droid:oneshot=''false">
<item android:drawable="@drawable/colored balii" android:duration=”5O" />
<}tem android:drawable="@drawable/colored_ball2" android:duration="50" />
^tem android:drawable="@drawable/colored_ball3" android:duration="5O" />
<rtem android:drawable="@drawable/colored_ball4" android:duration="50" />
<ltem android:drawable="@drawable/colored_ball5" android:duration="50" />
<rtem android:drawable="@drawable/colored_ball6" android:duration="50" />
<}tem android:drawable="@drawable/colored_ball7" android:duration="50" />

/item android:drawable="@drawable/colored ball8" android:duration="50" /> 
animation-list> 

p
IDS bframe points to one of the colored-ball images you have assembled through their resource 
the' 'he animatior|-lis't tag gets converted into an AnimationDrawable object representing 
res Col,ection of images. You then need to set this AnimationDrawable as a background 
XM?UrCe f°r °Ur Ima§eView control in the activity layout. Assuming that the file name for this 
Can 'S ^rame-animation• xml and that it resides in the /res/drawable subdirectory, you

Use the following codę to set the AnimationDrawable as the background of the ImageView:
V

WiSetBackgroundResource(R.drawable.frame_animation); //See Listing 18-3

http://schemas.android.com/apk/res/android
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With this codę, Android realizes that the resource ID R.drawable.frame_animation is an XML 
resource and accordingly constructs a suitable AnimationDrawable Java object for it before 
setting it as the background. Once this is set, you can access this AnimationDrawable object 
by doing a get on the view object like this:

Object backgroundObject = view.getBackground();
AnimationDrawable ad = (AnimationDrawable)backgroundObject;

Once you have the AnimationDrawable object, you can use its start()and stop() methods 
to start and stop the animation. Here are two other important methods on this object:

setOneShot (boolean);
addFrame(drawable, duration);

The setOneShot(true) method runs the animation once and then stops. The addFrame() 
method adds a new frame using a Drawable object and sets its display duration. The 
functionality of the addFrame() method resembles that of the XML tag android:drawable 
in Listing 18-2. Put this all together to get the complete codę for our frame-by-frame 
animation activity of Figure 18-1.

Listing 18-3. Complete Codę for the Frame-by-Frame Animation Test Harness
II filename: FrameAnimationActivity.java
II Download: ProAndroid5_chl8_TestFrameAnimation.zip
public class FrameAnimationActivity extends Activity {

@0verride
public void onCreate(Bundle savedlnstance5tate) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.frame_animations_layout);
this.setupButton();

}
private void setupButton(){

Button b = (Button)this.findViewById(R.id.startFAButtonId); 
b.setOnClickListener(

new Button.OnClickListener(){ 
public void onClick(View v) (animate();} 

});
}
private void animate() {

ImageView imgView = (ImageView)findViewById(R.id.animationImage);
imgView.setVisibility(ImageView.VISIBLE);
imgView.setBackgroundResource(R.drawable.frame_animation);

AnimationDrawable frameAnimation = (AnimationDrawable)imgView.getBackground();
if (frameAnimation.isRunning()) { 

frameAnimation.stop();
}
else {

frameAnimation.stop();
frameAnimation.start();

}
}

}//eof-class
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ar>imate()method in Listing 18-3 locates the ImageView in the activity and sets its background to 
AnimationDrawable identified by the resource R.drawable.frame_animation. This animation 

resource ID points to the earlier animation definition in Listing 18-3. The rest of the code in the 
Method retrieves this AnimationDrawable object and calls animation methods on that object. 
Id the same Listing 18-3, Start/Stop button is set up so that if animation is running, the button 
could stop it; if animation is not running, the button could start it. If you set the oneshot attribute 
'd the animation definition in Listing 18-2 to true, the animation stops after once.

Exploring Layout Animation
LayoutAnimation is used to animate the views in an Android layout. You can use this type 

animation for example with common layout Controls like ListView and GridView. Unlike 
frame-by-frame animation, layout animation is not achieved through repeating frames but 
by changing the transformation matrix of a view. Every view in Android has a transformation 
rr'atrix that maps the view to the screen. By changing this matrix you can accomplish 
Scaling, rotation, and movement (translation) of the view. This type of animation that relies on 
changing properties and redrawing an image is referred to as tweening animation. Essentia y 
LayoutAnimation is tweening animation of the transformation matrix of the views in a layout.

LayoutAnimation that is specified on a layout is applied to all the views in that layout.

These are the tweening animation types that can be applied to a layout:

■ Scalę animation: Used to make a view smaller or larger either along the 
x axis, on the y axis, or on both. You can also specify the pivot point 
around which you want the animation to take place.

■ Rotate animation: Used to rotate a view around a pivot point by a certain 
number of degrees.

■ Translate animation: Used to move a view along the x axis or the y axis.

■ Alpha animation: Used to change the transparency of a view.
These animations are defined as XML files in the /res/anim subdirectory. Listing 18-4 shows
9 scale animation declared in an XML file.

^ing 18-4. scalęAnimation Definedin anXML File at/res/anim/scale.xml

<Set xmlns:android="http://schemas.android.com/apk/res/android" 
android:interpolator="@android:anim/accelerate_interpolator">

<scale
android:fromXScale="l"
android:toXScale="l"
android:fromYScale="0.1"
android:toYScale="1.0"
android:duration="500"
android:pivotX="5O%"
android:pivotY="50%"

, android:start0ffset="100" />
vset>

http://schemas.android.com/apk/res/android


378 CHAPTER 18: Exploring 20 Animation

Parameters in the animation XMLs have a “from” and a “to” flavor to indicate start and end
values of that property. Other properties of an animation also include animation duration
and a time interpolator. Interpolators determine the ratę of change of the animated argument
such as scalę in Listing 18-4 during animation. We will cover interpolators shortly. XML file in
Listing 18-4 can be associated with a layout to animate that layout’s constituent views.

Notę Animations like the Scalę animation in Listing 18-4 are represented as Java classes in the 
android.view.animation package. Java documentation for these classes describes not only 
Java methods but also the allowed XML arguments for each type of animation.

We can use the ListView in Figure 18-3 to test a number of layout animations. This 
activity is what you see when you run the sample project for this chapter.ProAndroid5_chl8_TestLayoutAnimation.zip

Layout Animation Test

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

MENU

Figure 18-3. The ListVieu to be Animated
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The layout for this activity is in Listing 18-5.

listing 18-5. ListView XML Layout File
<?xml version="i.o" encoding="utf-8"?>

filename: /res/layout/list_layout.xml
Project: ProAndroid5_chl8_TestLayoutAnimation.zip

*L*nearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent">
<ListView

android:id="@+id/list_view_id"
android:layout_width="fill_parent"
android:layout_height="fill_parent"/>

VLmearLayout>

Listing 18-5 shows a simple LinearLayout with a single ListView in it. The activity codę to 
s ow the layout from 18-5 as Figure 18-3 is in Listing 18-6.

^'sting 18-6. Layout-Animation Activity Codę

Llename: LayoutAnimationActivity.java
Publ°^eC^’ P^AHd^idS-ChlS-TestLayoutAnimation.zip

lc class LayoutAnimationActivity extends Activity 
@0verride

{
Public void onCreate(Bundle saved!nstanceState)

super.onCreate(savedInstanceState); 
setContentView(R.layout.list_layout); 
setupListView();

Piivate void setupListView() {
String[] listltems = new String[] {

"Item 1", "Item 2", "Item 3", "Item 4", "Item 5", "Item 6",

ArrayAdapter<String> listltemAdapter =
new ArrayAdapter<String>(this, android.R.layout.simple_list_item_l, listltems);

ListView lv = (ListView)this.findViewById(R.id.list_view_id);
lv.setAdapter(listltemAdapter);

re ł S.see now how to apply scalę animation from Listing 18-4 to this ListView. The ListView 
Ljquires another XML file that acts as a mediator between itself and the scalę animation in 
tQSt|ng 18-4. This is because the animations defined in Listing 18-4 are generic and apply 

any view. Qn the other hand a layout is a collection of views. So the mediator layout
th lrr,ation XML file in Listing 18-7 reuses the generic animation XML file and specifies 
an' additional attributes that are applicable to a collection of views. This mediator layout 

lrnation XML file is shown in Listing 18-9.

http://schemas.android.com/apk/res/android
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Listing 18-7. Layout-Controller XML File
<?xml version="1.0" encoding="utf-8"?>
<! —
filename: /res/anim/list_layout_controller.xml (ProAndroid5_chl8_TestLayoutAnimation.zip) 
-->
<layoutAnimation xmlns:android="http://schemas.android.com/apk/res/android" 

android:delay="100%"
android:animationOrder="reverse"
android:animation="@anim/scale" />

This XML file needs to be in /res/anim subdirectory. This XML file specifies that the animation 
in the list should proceed in reverse, and the animation for each item should start with a 100°/° 
delay with respect to the total animation duration. A 100% duration ensures that the animation 
of one item is complete before the animation of the next item starts. You can change this 
percentage to suit the needs of your animation. Anything less than 100% will result in an 
overlapping animation of items. This mediator XML file also refers to the indMdual animation 
file, scalę.xml (Listing 18-4) through the resource reference @anim/scale. Listing 18-8 shows 
how to attach the animation of Listing 18-4 to the activity layout of Listing 18-5 via the 
mediator of Listing 18-7.

Listing 18-8. The Updated Code forthelist_layout.xml File
<?xml version="l.O" encoding="utf-8"?>
<!-
filename: /res/layout/list_layout.xml(ProAndroid5_chl8_TestLayoutAnimation.zip)
-->
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android :layout_width=''fill_parent" android:layout_height="fill_parent">
<ListView android:id="@+id/list_view_id"

android:persistentDrawingCache="animation|scrolling"
android:layout_width="fill_parent" android:layout_height="fill_parent" 
android:layoutAnimation="@anim/list_layout_controller" />

</LinearLayout>

In Listing 18-8 android :layoutAnimation is the tag that points to the mediating XML 
file of Listing 18-7, which in turn points to the scalę.xml of Listing 18-5. In Listing 18-8 
Android SDK does recommend setting the persistentDrawingCache tag on the list view to 
optimize for animation and scrolling. If you were to run the application ProAndroid5_chiS_ 
TestLayoutAnimation.zip, you would see the scalę animation take effect on the individual 
list items as the actMty gets loaded. We have set the animation duration to 500 ms so that 
scalę change can be observed as each list item is drawn.

With this sample program you can experiment with different animation types. You can try 
alpha animation with the code in Listing 18-9.

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
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^'ng 18-9. The alpha. xml File to Test Alpha Animation

yersion="l.o" encoding="utf-8"?>
file: /res/anim/alpha.xml(ProAndroid5_chl8_TestLayoutAnimation.zip) --> 

a Pha xmlns sandroid="http://schemas.android.com/apk/res/android"

android:interpolator="@android:anim/accelerate_interpolator"
android:fromAlpha="0.0" android:toAlpha="1.0" android:duration="1000" />

^Pha animation Controls fading (of color). In Listing 18-9 alpha animation color goes from 
V|sible to fuli intensity in 1 second. Don’t forget to change the mediator XML file (see 
lst|ng 18-7) to point to the new animation file if you intend to use the same mediator file. 

Listing 18-10 shows an animation that combines a change in position with a change in 
color gradient.

'sting 18-10. Combining Translate and Alpha Animations Through an Animation Set

version="i.o" encoding="utf-8"?>
. ' file: /res/anim/alpha_translate.xml(ProAndroid5_chl8_TestLayoutAnimation.zip)--> 
e xmlns:androida"http://schemas.android.com/apk/res/android"

roid: interpolator="(ąandroid:anim/accelerate_interpolator">
translate android:fromYDelta="-ioo%" android :toYDelta="0"android:duration="500"/>

</set 3 android:fromA1Pha="°-0" android:toAlpha="1.0" android:duration="500"/>

^otice two animations are in the animation set of Listing 18-10. Translate animation will 
^ove the text from top to bottom in its currently allocated display space. Alpha animation 
s|'1 change the color gradient from invisible to visible as the text item descends into its 
ref T° See this animation in action, change the layoutAnimation mediator XML file with

18-11 spins each text item in the list one fuli circle around the midpoint of the text 
■ Let’s talk about the interpolators that you have seen used in the animation XML files.

^rence to file name @anim/alpha_translate.xml. Listing 18-11 shows the definition for a 
otation animation.

^Hng 18-11. Rotate Animation XML File

<t0‘ file: /res/anim/rotate.xml(ProAndroid5_chl8_TestLayoutAnimation.zip) -->
ate xmlns:android="http://schemas.android.com/apk/res/android" 

android:interpolator="@android:anim/accelerate_interpolator" 
android:fromDegrees="0.0" android:toDegrees="36O" 
android:pivotX="5O%" android:pivotY="50%" 
android:duration="500" />

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android
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Understanding Interpolators
Interpolators tell how a property changes over time from its start value to the end value. 
Will the change occur linearly or exponentially? Will the change start quickly and slow down 
toward the end?

Alpha animation in Listing 18-9 identifies the interpolator as accelerate_interpolator. 
There is a corresponding Java object that defines the behavior of this interpolator. As 
we’ve specified this interpolator as a resource reference in Listing 18-9, there must be a file 
corresponding to the @anim/accelerate_interpolator that describes what this Java object 
is and what additional parameters it might take. Listing 8-12 shows the resource XML file 
definition pointed to by the resource reference @android:anim/accelerate_interpolator:

Listing 18-12. An Interpolator Definition as an XML Resource
cacceleratelnterpolator

xmlns:android="http://schemas.android.com/apk/res/android" 
factor="l" />

You can see this XML file in the subdirectory /res/anim/accelerate_interpolator.xml in 
the root Android SDK package. (Caution: This file could look differently depending on the 
release.) The acceleratelnterpolator XML tag corresponds to the Java class android. 
view.animation.Acceleratelnterpolator. You can look up the corresponding Java 
documentation to see what XML tags are available. This interpolator^ goal is to provide 
a multiplication factor given a time interval based on a hyperbolic curve. The source codę 
snippet in Listing 18-13 for this interpolator illustrates this. (Caution: This codę could look 
different depending on the Android release.)

Listing 18-13. Sample Codę from Acceleratelnterpolator in the Core Android SDK
public float getlnterpolation(float input) {

if (mFactor == l.Of) {
return (float)(input * input);

}
else { 

return (float)Math.pow(input, 2 * mFactor);
} 

}

Every interpolator implements the getlnterpolation method differently. In case of the 
Acceleratelnterpolator, if the interpolator is set up in the resource file with a factor of i-0, 
it will return the square of the input at each interval. Otherwise, it will return a power of the 
input that is further scaled by the factor amount. If the factor is 1.5, you will see a cubic 
function instead of a square function.

The supported interpolators include AccelerateDeceleratelnterpolator, Acceleratelnterpola^°r’ Cyclelnterpolator, Deceleratelnterpolator, Linearlnterpolator, Anticipatelnterpolat0^ AnticipateOvershootInterpolator, Bouncelnterpolator, and Overshootlnterpolator.

http://schemas.android.com/apk/res/android
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To see how flexible these interpolators can be, take a quick look in Listing 18 14 at the 
Bouncelnterpolator which bounces the object (that is, moves it back and fort ) towar e 
end of the animation cycle:

Listing 18-14. Bouncelnterpolator Implementation in the Core Android SDK
Public class Bouncelnterpolator implements Interpolator { 

private static float bounce(float t) { 
return t * t * 8.0f;

}
public float getlnterpolation(float t) {

t *= l.i226f;
if (t < O.3535f) return bounce(t);
else if (t < O.74O8f) return bounce(t - 0.54719f) + 0.7f;
else if (t < 0.9644f) return bounce(t - 0.8526f) + 0.9f;
else return bounce(t - l.O435f) + O.95f;

} }

Tou can find the behavior of these various interpolators described at the following URL. 

^tp://developer.android.com/reference/android/view/animation/package-summary.html 

^ava documentation for each of these classes also points out the XML tags available to 
c°ntrol them.

^ploring View Animation
^rough view animation you can animate a view by manipulating 

transformation matrix is like a lens that projects a view on to the disp ay.
rr’atrix can affect the projected views scalę, size, position, and color.
J^entity transformation matrix presenzes the original view. You start with an id®n^y 
rnatrix and apply a series of mathematical transformations involving size, posi i , 
°r'entation. You then set the finał matrix as the transformation matnx for e vie y 
0 ^ansform.
^2dr°id exposes the transformation matrix for a view by allowing registration of an animation 
0 ject with that view. The animation object will be passed to the transforma lon ma
^Rsider Figure 18-4 as a demonstration of view animation. The Start Ani™ati°n 
^'rnates the list view to start smali in the middle of the screen and gradua y i e 
Pace. Listing 18-15 shows the XML layout file used for this activity.
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Figurę 18-4. A View Animation Actiyity

Listing 18-15. XML Layout File for the View-Animation Actiyity
<?xml version="l.O" encoding="utf-8"?>
<!-- filen: at /res/layout/list_layout.xml(ProAndroid5_chl8_TestViewAnimation.zip) -->
< LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent”
android:layout_height="fill_parent">

<Button
android:id="@+id/btn_animate"
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:text=''Start Animation"/>

<ListView
android:id="@+id/list_view_id"
android:persistentDrawingCache="animation|scrolling"
android:layout_width="fill_parent"
android:layout_height="fill_parent"/>

</LinearLayout>

http://schemas.android.com/apk/res/android
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Listing 18-16 shows the activity codę that loads this layout.

listing 18-16. Codę for the View-Animation Activity, Before Animation
1 /filename: ViewAnimationActivity.java(ProAndroid5_chl8_TestViewAnimation.zip)
Pu lic class ViewAnimationActivity extends Activity { 

@0verride
Public void onCreate(Bundle saved!nstanceState) {

super.onCreate(savedInstanceState);
setContentView(R.layout.list_layout);
setupListView();
this.setupButton();

private void setupListView() {
String[] listltems = new String[] {

"Item 1", "Item 2", "Item 3","Item 4", "Item 5", "Iłem 6",

ArrayAdapter<String> listltemAdapter =
new ArrayAdapter<String>(this,android.R.layout.simple_list_item_l,listltems);

ListView lv = (ListView)this.findViewById(R.id.list_view_id);
lv.setAdapter(listltemAdapter);

Private void setupButton() {
Button b = (Button)this.findViewById(R.id.btn_animate);
b.setOnClickListener(

new Button.OnClickListener(){
public void onClick(View v) { 

//animateListView();
} 

});

this codę you will see the Ul as laid out in Figure 18-4. To add animation to the 
stView shown in Figure 18-4 we need a class that derives from android.view.animation. 
lmation. Listing 18-17 shows this class.

^g 18-17, Codę for the ViewAnimation Class

Pubi-ename: ViewAnimation.java project: ProAndroid5_chl8_TestViewAnimation.zip
?/lc class ViewAnimation extends Animation {
Wverride
Public void initialize(int width, int height, int parentWidth, int parentHeight){

super.initialize(width, height, parentWidth, parentHeight);
setDuration(25OO); setFillAfter(true);

j setlnterpolator(new Linearlnterpolator());

Corridę
Protected void applyTransformation(float interpolatedTime, Transformation t) {

finał Matrix matrix = t.getMatrix();
. matrix.setScale(interpolatedTime, interpolatedTime);
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In Listing 18-7 initialize method is a callback method with the dimensions of the view.
Animation parameters can be initialized here. Here the animation duration is set to 2.5
seconds. We have set the animation effect to remain intact after the animation completes by
setting FillAfter to true. We’ve set a linear interpolator. All of these properties come from
the base android.view.animation.Animation class.

The main part of the animation occurs in the applyTransformation method. Android SDK 
calls this method again and again to simulate animation. Every time Android calls the 
method, interpolatedTime has a different value. This value changes from 0 to 1 depending 
on where the animation is in the 2.5-second duration that you set during initialization. When 
interpolatedTime is 1, the animation is at the end. Our goal in this method is to change the 
transformation matrix that is available through the transformation object called t. First get 
the matrix and change something about it. When the view gets painted, the new matrix will 
take effect. Methods available on the Matrix object are documented in the SDK at

http://developer.android.com/reference/android/graphics/Matrix.html

In Listing 18-17, the codę that changes the matrix is

matrix.setScale(interpolatedTime, interpolatedTime);

setScale method takes two parameters: the scaling factor in the x direction and the scaling 
factor in the y direction. Because interpolatedTime goes between o and 1, you can use tha 
value directly as the scaling factor. At the start of the animation, the scaling factor is o in 
both the x and y directions. Halfway through the animation, this value will be 0.5 in both X 
and y directions. At the end of animation, the view will be at its fuli size because the scaling 
factor will be 1 in both the x and y directions. The end result of this animation is that the 
ListView starts out tiny and grows to fuli size. Listing 18-18 shows the function you need to 
add the activity class in Listing 18-15 and cali it from the button click.

Listing 18-18. Codę for the View-Animation Activity, Including Animation

private void animateListView() {
ListView lv = (ListView)this.findViewById(R.id.list_view_id);
lv.startAnimation(new ViewAnimation());

}

Notę In this section on View Animation we are going to suggest alternate implementations for the 
ViewAnimation class of Listing 18-18. In the supplied project there are variations of this class 
available as ViewAnimation, ViewAnimationl, ViewAnimation2, and ViewAnimation3. 
Codę snippets in the subseguent discussions will indicate in comments which of these classes hołd 
that codę. There is only one menu item in the sample project for animation. To test each variation 
you have to replace the ViewAnimation() class in Listing 18-18 with the respective version of it 
and rerun the program to see the altered animation.

http://developer.android.com/reference/android/graphics/Matrix.html


CHAPTER 18: Exploring 2D Animation 387

^hen you run the code with the ViewAnimation class as in Listing 18-17, you will notice 
s°mething odd. Instead of uniformly growing larger from the middle of the screen, the 
List\/iew grows larger from the top-left corner. This is because the origin for matrix 
°Perations is at the top-left corner. To get the desired effect, you first have to move the 
whole view so that the view’s center matches the animation center (top left). Then, you apply 

Tatriz and move the view back to the previous center. The rewritten code from Listing
18-16 for doing this is shown in Listing 18-19.

Listing 18-19. ViewAnimation usingpreTranslate andpostTranslate
^filename: ViewAnimationl.java project: ProAndroid5_chl8_TestViewAnimation.zip
Public class ViewAnimation extends Animation {

float centerX, centerY; 
public ViewAnimation(){}

@0verride .
Public void initialize(int width, int height, int parentWidth, int parentHeig t) { 

super.initialize(width, height, parentWidth, parentHeight);
centerX = width/2.Of; centerY = height/2.0f;
setDuration(2500); setFillAfter(true);
setlnterpolator(new Linearlnterpolator());

@0verride
Protected void applyTransformation(float interpolatedTime, Transformation t) { 

finał Matrix matrix = t.getMatrix();
matrix.setScale(interpolatedTime, interpolatedTime); .
matrix.preTranslate(-centerX, -centerY); matrix.postTranslate(center , cen er ),

e preTranslate and postTranslate methods set up a matrix before the scalę opera lon 
t nc* after the scalę operation. This is equivalent to making three matrix transforma lons in 
ar|dem. Consider the following code in Listing 18-20

^ing 18-20. Standard pattern for Pre and Post Translate of Transformation Matrices

^rix.setScale(interpolatedTime, interpolatedTime);
m rfx'PreTranslate(-centerX, -centerY);

rix.postTranslate(centerX, centerY);

Code in Listing 18-20 is equivalent to

a different center 
Scale it

4. . .ro the original center

will see this pattern of pre and post applied often. You can also accomplish this result 
Slri9 other methods on the Matrix class, but this technique is common as it is succinc .
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The Matrix class allows you not only to scalę a view but also to move it around through
translate methods or change its orientation through rotate methods. You can experiment
with these methods and see the resulting animations. The animations presented in the
preceding “Layout Animation” section are all implemented internally using the methods on
this Matrix class.

Using Camera to Provide Depth Perception in 2D
The graphics package in Android provides another transformation matrix-related feature 
through the Camera class. This class provides depth perception to a 2D view. You can take 
our ListView example and move it back from the screen by 10 pixels along the z axis and 
rotate it by 30 degrees around the y axis. Listing 18-21 is an example of manipulating the 
transformation matrix using a Camera.

Listing 18-21. Using Cameia Object

//filename: ViewAnimation2.java project: ProAndroid5_chl8_TestViewAnimation.zip 
public class WiewAnimation extends Animation {

float centerX, centerY;
Camera camera = new Camera();
public YiewAnimation(float cx, float cy){ 

centerX = cx; centerY = cy;
}
@0verride
public void initialize(int width, int height, int parentWidth, int parentHeight) { 

super.initialize(width, height, parentWidth, parentHeight);
setDuration(2500); setFillAfter(true); 
setlnterpolator(new Linearlnterpolator());

}
@0verride
protected void applyTransformation(float interpolatedTime, Transformation t) { 

finał Matrix matrix = t.getMatrix();
camera.save();
camera.translate(0.0f, O.Of, (1300 - 1300.Of * interpolatedTime));
camera.rotateY(36O * interpolatedTime);
camera.getMatrix(matrix);

matrix.preTranslate(-centerX, -centerY);
matrix.postTranslate(centerX, centerY); 
camera.restore();

}
}

This codę animates the ListView by first placing the view 1,300 pixels back on the z axis 
and then bringing it back to the piane where the z coordinate is 0. While doing this, the cod® 
also rotates the view from o to 360 degrees around the y axis. The camera.translate(x,y,z' 
method in Listing 18-21 tells the camera object to translate the view such that when 
interpolatedTime is o (at the beginning of the animation), the z value will be 1300. As the 
animation progresses, the z value will get smaller and smaller until the end, when the 
interpolatedTime becomes 1 and the z value becomes 0.
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e method camera.rotateY(36o * interpolatedTime) takes advantage of 3D rotation
amund an axis by the camera. At the beginning of the animation, this value will be 0. At the
nd of the animation, it will be 360.

The method camera.getMatrix(matrix) takes the operations performed on the Camera so far 
nd imposes those operations on the matrix that is passed in. Once the codę does that, the 
3trix has the translations it needs to get the end effect of having a Camera. Now the Camera 

° ject is no longer necessary because the matrix has all the operations embedded in it.
r,en> you do the pre and post on the matrix to shift the center and bring it back. At the end, 

set the Camera to its original state that was saved earlier. With this codę in Listing 18-21 
you Will see the ListView arriving from the center of the view in a spinning manner toward 

e front of the screen. As this version of ViewAnimation takes additional construction 
r9uments, Listing 18-22 shows how to invoke this version of the AnimationView:

st'ng 18-22. ViewAnimation usingpreTranslate andpostTranslate
filename: ViewAnimationActivity.java
Li^łuł60^’ Pr°Andr°id5_chl8__TestViewAnimation.zip
f]n +leW lv = (ListView)this.findViewById(R.id.list_view_id);

at cx = (float)(lv.getWidth()/2.0);
l^°at Cy = (float)(lv.getHeight()/2.0);

•startAnimation(new ViewAnimation(cx, cy));

Part of our discussion about view animation, we showed you how to animate any view 
y extending an Animation class and then applying it to a view. In addition to letting you 

a|aniPulate matrices (both directly and indirectly through a Camera class), the Animation class 
s° lets you detect various stages in an animation. We will coverthis next.

^ploring the AnimationListener Class
^droid SDK has a listener interface, AnimationListener, to monitor animation events.

st|ng 18-23 demonstrates these animation events by implementing the AnimationListener 
n*etface.

fing 18-23. An Implementation of the AnimationListener Interface
filename: ViewAnimationListener.java
Publ°’ ProAndroidS-ChlS-TestyiewAnimation.zip
Uc class ViewAnimationListener implements Animation.AnimationListener {

Public ViewAnimationListener(){}
Public void onAnimationStart(Animation animation) {

Log.d("Animation Example", "onAnimationStart");

Public void onAnimationEnd(Animation animation) {
Log.d("Animation Example", "onAnimationEnd");

Public void onAnimationRepeat(Animation animation) {
Log.d("Animation Example", "onAnimationRepeat");
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The ViewAnimationListener class in Listing 18-23 just logs messages. Code in Listing 18-24 
shows how to attach an animation listener to an Animation object.

Listing 18-24. Attaching an AnimationListener to an Animation Object
private void animateListView(){

ListView lv = (ListView)this.findViewById(R.id.list_view_id);
//Init width,height and assuming ViewAnimation from Listing 18-21
ViewAnimation animation = new ViewAnimation(width,height);
animation.setAnimationListener(new ViewAnimationListener()); 
lv.startAnimation(animation);

}

Notes on Transformation Matrices
As you have seen in this chapter, matrices are key to transforming views and animations. 
Let’s explore some key methods of the Matrix class.

■ Matrix.reset(): Resets a matrix to an identity matrix, which causes no 
change to the view when applied

■ Matrix.setScale(...args ..): Changes size

■ Matrix.setTranslate(.. .args ..): Changes position to simulate 
movement

■ Matrix. setRotate(... args ..): Changes orientation

■ Matrix.setSkew(...args ..): Distorts a view

The last four methods have input parameters.
You can multiply matrices together to compound the effect of individual transformations. Ib 
Listing 18-25, consider three matrices, ml, m2, and m3, which are identity matrices:

Listing 18-25. ViewAnimation usingpreTranslate andpostTranslate
ml.setScale(..scalę args..);
m2.setTranslate(..translate args..)
m3.setConcat(ml,m2)

Transforming a view by ml and then transforming the resulting view with m2 is equivalent 
to transforming the same view by m3. Notę that m3.setConcat(ml,m2) is different from 
m3.setConcat(m2,ml). setConcat(matrixi, matrix2) multiplies two matrices in that 
given order.
You have already seen the pattern used by the preTranslate and postTranslate methods 
to affect matrix transformation. In fact, pre and post methods are not unique to translate, 
and you have versions of pre and post for every one of the set transformation methods. 
Ultimately, a preTranslate such as ml.preTranslate(m2) is equivalent to

ml.setConcat(m2,ml)
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'n a similar manner, the method ml.postTranslate(m2) is equivalent to 

mi-setConcat(ml,m2)

Consider the codę in Listing 18-26

Listing 18-26. Pre and Post Translate Pattern

matrix.setScale(interpolatedTime, interpolatedTime);
l"atrix.preTranslate(-centerXJ -centerY);
matrix.postTranslate(centerX, centerY);

codę in this Listing 18-26 is equivalent to the codę in Listing 18-27

Listing 18-27. Equivalence of Pre and Post Translate Pattern
^atrix matrixPreTranslate = new Matrix();
matrixPreTranslate.setTranslate(-centerX, -centerY);

^atrix matrixPostTranslate = new Matrix();
^^PostTranslate.setTranslate(centerX, centerY);

^atrix.setConcat(matrixPreTranslateJmatrix);
natrix.setConcat(matrix,matrixPostTranslate);

^ploring Property Animations: The New Animation API
animation API is overhauled in 3.0 and 4.0 of Android. This new aPPr°ach t0

s called property animation. The property animation API is extensive and di eren en
0 refer to the previous animation API (prior to 3.x) as the legacy API even thoug e 
revious approach is still valid and not deprecated. The old animation API is in e pa 

cndroid.view.animation. The new animation API is in the package android.anima 10
Or|cepts in the new property animation API are:

■ Animators

■ Value animators

Object animators

■ Animator sets

Animator builders

■ Animation listeners

Property value holders

Type evaluators

■ View property animators

Layout transitions

Animators defined in XML files
Wa

Wll cover most of these concepts in the rest of the chapter.
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Understanding Property Animation
The property animation approach changes the value of a property over time. This property 
can be anything, such as a stand-alone integer, a float, or a specific property of an object 
such as a view. For example, you can change an int value from 10 to 200 over a time period 
of 5 seconds by using an animator class called ValueAnimator (see Listing 18-28).

Listing 18-28. A Simple Value Animator
//file: TestBasicValueEvaluator.java(ProAndroid5_chl8_TestPropertyAnimation.zip) 
//Define an animator to change an int value from 10 to 200
ValueAnimator anim = ValueAnimator.ofInt(lO, 200);

//set the duration for the animation
anim.setDuration(5000); //5 seconds, default 300 ms

//Provide a callback to monitor the changing value
anim.addUpdateListener(

new ValueAnimator.AnimatorUpdateListener() {
public void onAnimationUpdate(ValueAnimator animation) { 

Integer value = (Integer) animation.getAnimatedValue(); 
// this code gets called many many times for 5 seconds. 
II The value will rangę from 10 to 200

}
}

anim.start();

The idea is easy to grasp. A ValueAnimator is a mechanism to do something every 10 ms 
(this is the default framerate). Although this is the default framerate, depending on the 
system load you may not get called that many times. For the example given we could expect 
to get called 500 times over a span of 5 seconds. On an emulator our tests show that it may 
be as few as 10 times. However the last cali will be close to the 5-second duration.
In the corresponding callback that is called for every frame (every 10 ms), you can choose to 
update a view or any other aspect to affect animation. In addition to the onAnimationUpdate, 
other useful callbacks are available on the generał purpose Animator.AnimatorListener 
interface (Listing 18-28) from the Android SDK which can be attached to the ValueAnimator 
through its base class Animator. So on a ValueAnimator, you can do addListener(Animator- 
AnimatorListener listener). See Listing 18-29.

Listing 18-29. AnimatorListener Callback Interface
public static interface Animator.AnimatorListener { 

abstract void onAnimationStart(Animator animation); 
abstract void onAnimationRepeat(Animator animation); 
abstract void onAnimationCancel(Animator animation); 
abstract void onAnimationEnd(Animator animation);

You can use these callbacks in Listing 18-29 to further act on objects of interest during or 
after an animation.
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Property Animation relies on the availability of an android.os.Looper on the thread that is 
lr>itiating the animation. This is generally the case for the Ul thread. The callbacks happen on 
the Ul thread as well when the animating thread is the main thread.

As you use ValueAnimators and their listeners, keep in mind the lifetime of these objects. 
Even if you let the reference of a ValueAnimator go from your local scope, the ValueAnimator 
will live on until it finishes the animation. If you were to add a listener then all the references 
that the listener holds are also valid for the lifetime of the ValueAnimator.

Planning a Test Bed for Property Animation
Starting with the basie idea of value animators, Android provides a number of derived ways 
to animate any arbitrary object, especially views. To demonstrate these mechanisms, we 
Will take a simple text view in a linear layout and animate its alpha property (simulating 
transparency animation) and also the x and y positions (simulating movement). We will use 
Pigure 18-5 as an anchor to explain property animation concepts.

t 3:24

M TestPropertyAnimation

Fade out

FadeOut/Fadeln: Sequential

FadeOut/Fadeln: Builder

FadeOut/Fadeln XML

PVHolder

ViewAnimator

Type Evaluator

Key Frames
A Program to test property animations.
This text view is going to fade out and fade m or 

move using yarious property animations.

^^9ure I8-5, Activity to demonstrate Property animations
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Each button in Figurę 18-5 uses a separate mechanism to animate the text view at the
bottom of the figurę. The mechanisms we will demonstrate are as follows:

■ Button 1: Using object animators, fade out and fade in a view 
alternatively at the click of a button.

■ Button 2: Using an AnimatorSet, run a fade-out animation followed by 
fade-in animation in a sequential manner.

■ Button 3: Use an AnimatiorSetBuilder object to tie multiple animations 
together in a “before,” “after,” or “with” relationship. Use this approach 
to run the same animation as button 2.

■ Button 4: Define an XML file for button 2’s sequence animation and 
attach it to the text view for the same animation affect.

■ Button 5: Using a PropertyValuesHolder object, animate multiple 
properties of the text view in the same animation. We will change the x 
and y values to move the text view from bottom right to top left.

■ Button 6: Use ViewPropertyAnimator to move the text view from bottom 
right to top left (same animation as button 5).

■ Button 7: Use a TypeEvaluator on custom point objects to move the text 
view from bottom right to top left (same animation as button 5).

■ Button 8: Use key frames to affect movement and also alpha changes 
on the text view (same animation as button 5, but staggered).

Constructing the activity in Figurę 18-5 is straightforward. You can see the layout 
for this activity and the activity codę in the download project file ProAndroid5_chl8_ 
TestPropertyAnimation.zip. Lets start with the first button.

Animating Views with Object Animators
The first button in Figurę 18-5 (Fadeout: Animator) invokes the toggleAnimation(View) 
method that is in Listing 18-30.

Listing 18-30. Basic View Animation with ObjectAnimators

//file:TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip)
public void toggleAnimation(View btnView) {

Button tButton = (Button)btnView; //The button we have pressed
//m_tv: is the pointer to the text view
//Animate the alpha from current value to 0 this will make it invisible
if (m_tv.getAlpha() != 0) {

ObjectAnimator fadeOut = ObjectAnimator.ofFloat(m_tv, "alpha", Of);
fadeOut.setDuration(5000);
fadeOut.start();
tButton.setText("Fade In");
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//Animate the alpha from current value to 1 this will make it visible 
else {

ObjectAnimator fadeln = ObjectAnimator.ofFloat(m_tv, alpha , if);
fadeln.setDurat ion(5000);
fadeln.start();
tButton.setText("Fade out");

code in Listing 18-30 first examines the alpha value of the text view. If this value is 
Sreater than o, then the code assumes that the text view is visible and runs a fade-out 
ariimation. At the end of the fade-out animation, the text view will be invisible. If the alpha 
v8lue of the text view is 0, then the code assumes the text view is invisible and runs a fade-in 
ar|imation to make the text view visible again.
The ObjectAnimator code in Listing 18-30 is really simple. An ObjectAnimator is obtained on 
*he text view (m_tv) using the static method ofFloat(). The first argument to this method is 
an object (m_tv). The second argument is the property name of the object that you want the 
ObjectAnimator to modify or animate. In the case of the text view m_tv this property name is 
alpha. The target object needs to have a public method to match this name. For a property 
named alpha, the corresponding view object needs to have the following set method.

view.setAlpha(float f);

The third argument to of Float() is the value of the property at the end of the animation. If 
specify a fourth argument, then the third argument is the starting value and the fourth is 

be target value. You can pass morę arguments as long as they are all f loats. The animation 
use those values as intermediate values in the animation process.

If You specify just the “to” value, then the “from” value is taken from the current value by using

view.getAlpha();

^hen you play this animation, the text view will gradually disappear first. The code in 
L|sting 18-30 then renames the button to “Fade in.” Now if you click the button again, which 
ls now called “Fade in,” the second animation in Listing 18-30 is run, and the text view will 
aPPear gradually over a period of 5 seconds.

Achieving Sequential Animation with AnimatorSet
^ytton 2 in Figure 18-5 runs two animations one after the other: a fade-out followed by a fade-in. 

e could use animation listener callbacks to wait for the first animation to finish and then start 
e second animation. There is an automated way to run animations in tandem through the class 

nimatorSet to get the same effect. Button 2 demonstrates this in Listing 18-31.
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Listing 18-31. Sequential Animation Through an AnimatorSet
//file:TestPropertyAnimationActivity.java(Pr0Andr0id5_chl8_TestPr0pertyAnimati0n.zip) 
public void sequentialAnimation(View bView) {

ObjectAnimator fadeOut = ObjectAnimator.ofFloat(m_tv, "alpha", Of);
ObjectAnimator fadeln = ObjectAnimator.ofFloat(m_tv, "alpha", lf);
AnimatorSet as = new AnimatorSet();
as.playSequentially(fadeOut,fadeln);
as.setDuration(SOOO); //5 sees 
as.start();

}

In Listing 18-31, we have created two animators: a fade-out animator and a fade-in animator. 
Then we created an animator set and tell it to play both animations sequentially.

You can also choose to play animations together using an animator set by calling the 
method playTogether(). Both of these methods, playSequentially() and playTogether()> 
can take a variable number of Animator objects.

When you play this animation, the text view will gradually disappear and then reappear, 
much like the animation you saw earlier.

Setting Animation Relationships with AnimatorSet.Builder
AnimatorSet also provides a bit more elaborate way to link animations through a utility class 
called AnimatorSet.Builder. Listing 18-32 demonstrates this.

Listing 18-32. Using an AnimatorSetBuilder
//filename: TestPropertyAnimationActivity.java (ProAndroid5_chl8_TestPropertyAnimation.zip) 
public void testAnimationBuilder(View v) {

ObjectAnimator fadeOut = ObjectAnimator.ofFloat(m_tv, "alpha", of);
ObjectAnimator fadeln = ObjectAnimator.ofFloat(m_tv, "alpha", lf);
AnimatorSet as = new AnimatorSet();
//play() returns the nested class: AnimatorSet.Builder 
as.play(fadeOut).before(fadeln);
as.setDuration(5OOO); //5 sees 
as.start();

}

The play method on an AnimatorSet returns a class called AnimatorSet.Builder. This is 
purely a utility class. The methods on this class are after(animator), before(animator), 
and with(animator). This class is initialized with the first animator you supply through 
the play method. Every other cali on this object is with respect to this original animator. 
Consider Listing 18-33:

Listing 18-33. Using AnimationSet.Buiider
AnimatorSet.Builder builder = someSet.play(main_animator).before(animatorl);

With this codę animatorl will play after the main_animator. When we say builder. 
after(animator2), the animation of animator2 will play before main_animator. The method 
with(animator) plays the animations together.
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The key point with an AnimationBuilder is that the relationship established via before(),
aTter(), and with() is not chained but only tied to the original animator that was obtained
from playO method. Also, the animation start() method is not on the builder object but on
the original animator set. When you play this animation through ButtonS, the text view will
Sradually disappear and then reappear, much as in the previous animation.

Using XML to Load Animators
lł is only to be expected that the Android SDK allows animators to be described in XML 
r®source files. Android SDK has a new resource type called R. animator to distinguish 
animator resource files. These XML files are stored in the /res/animator subdirectory.
isting 18-34 is an example of an animator set defined in an XML file.

Listing 18-34. An Animator XML Resource File

<-xml version="l.o" encoding="utf-8" ?>
file: /res/animator/fadein.xml (ProAndroid5_chl8_TestPropertyAnimation.zip) -->

<Set xmlns:android="http://schemas.android.com/apk/res/android"

android:ordering="sequentially">
<o“jectAnimator

android:interpolator="@android:interpolator/accelerate_cubic"
android:valueFrom="l" android:valueTo="0"
android :valueType="floatType" android :propertyl\lame="alpha"
android:duration="5000" />

<oojectAnimator
android:interpolator="@android:interpolator/accelerate_cubic"
android:valueFrom="o" android:valueTo="1"
android:valueType="floatType" android:propertyName="alpha"
android:duration="5OOO" />

</set>

Tou will naturally wonder what XML nodes are available for you to define these animations. 
s °f 4.0 the allowed XML tags are as follows:

animator: Binds to ValueAnimator
objectAnimator: Binds to ObjectAnimator
set: Binds to AnimatorSet

can see a basie discussion of these tags at the following Android SDK URL:

■ //developer. android. com/guide/topics/graphics/prop-animation. html#declaring-xml

The complete XML reference for the animation tags can be found at the following URL:

•//developer.android.com/guide/topics/resources/animation-resource.html#Property

Ust)6 y°U ^ave thiS y°u can Play this animation using the method shown in 
n9 1 8-35.

http://schemas.android.com/apk/res/android
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Listing 18-35. Loading an Animator XML Resource File

//file: TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip) 
public void sequentialAnimationXML(View bView) {

AnimatorSet set = (AnimatorSet)AnimatorInflater.loadAnimator(thisJ R.animator.fadein); 
set.setTarget(m_tv);
set.start();

}

Notice how it is necessary to load the animation XML file first followed by explicitly setting 
the object to animate. In our case, the object to animate is the text view represented by 
m_tv. The method in Listing 18-35 is called by button 4 (FadeOut/Fadeln XML). When this 
animation runs, the text view will fade out first and then reappear by fading in, just as in the 
previous alpha animations.

Using PropertyValuesHolder
So far, we have seen how to animate a single value in a single animation. The class 
PropertyValuesHolder lets us animate multiple values during the animation cycle. 
Listing 18-36 demonstrates the use of the PropertyValuesHolder class.

Listing 18-36. Using thePropertyValueHolder Class

//file: TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip) 
public void testPropertiesHolder(View v) {

//Get the current coordinates of the text view.
//This allows us to know starting and ending positions to animate
float h = m_tv.getHeight(); float w = m_tv.getWidth();
float x = m_tv.getX(); float y = m_tv.getY();

//Set the view to the bottom right as a starting point 
m_tv.setX(w); m_tv.setY(h);

//from the right bottom animate "x" to its original position: top left 
PropertyYaluesHolder pvhX = PropertyValuesHolder.ofFloat("x", x);

//from the right bottom animate "y" to its original position 
PropertyYaluesHolder pvhY = PropertyValuesHolder.ofFloat("y", y);

//when you do not specify the from position, the animation will take the current position 
//as the from position.

//Tell the object animator to consider both
//"x" and "y" properties to animate to their respective target values.
ObjectAnimator oa = ObjectAnimator.ofPropertyValuesHolder(m_tv, pvhX, pvhY);

//set the duration 
oa.setDuration(5000); //5 secs 
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//here is a way to set an interpolator on any animator
oa.setlnterpolator(new AccelerateDeceleratelnterpolator());
oa.start();

A PropertyValuesHolder class holds a property name and its target value. Then you can 
define many of these PropertyValuesHolders with their own property to animate. You can 
supp|y this set of PropertyValuesHolders to the object animator. The object animator will 
then set these properties to their respective values on the target object. With each refresh of 
the animation, all the values from each PropertyValuesHolder will be applied all at once. This 
ls more efficient than applying multiple animations in parallel.
Button 5 in Figure 18-5 runs the codę in Listing 18-36. When this animation runs, the text 
view will emerge from bottom right and migrate toward the top left in 5 seconds.

Understanding View Properties Animation
Android SDK has an optimized approach to animate various properties of views. This is done 
^rough a class called ViewPropertyAnimator. Listing 18-37 uses this class to move the text 
view from bottom right to top left.

Listing 18-37. Using a ViewPropertyAnimator
^file: TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip)
Public void testViewAnimator(View v) {

//Remember current boundaries
float h = m_tv.getHeight(); float w = m_tv.getWidth();
float x = m_tv.getX(); float y = m_tv.getY();

//Position the view at bottom right 
m_tv.setX(w); m_tv.setY(h);

//Get a ViewPropertyAnimator from the text view
ViewPropertyAnimator vpa = m_tv.animate();

//Set as many target values you want to set 
vpa.x(x); vpa.y(y);

//Set duration and interpolators
vpa.setDuration(5OOO); //2 sees
vpa.setlnterpolator(new AccelerateDecelerateInterpolator());

//The animation automatically starts when the UI thread gets to it.
//No need to explicitly cali the start method.
//vpa.start();
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The steps to use ViewPropertyAnimator are as follows:

1. Get a ViewPropertyAnimator by calling the animate() method on a view.

2. Use the ViewPropertyAnimator object to set various finał properties 
of that view, such as x, y, scalę, alpha, and so on.

3. Let the Ul thread proceed by returning from the function. The 
animation will automatically start.

This animation is invoked by button 6. When this animation runs, the text view will migrate 
from bottom right to top left.

Understanding Type Evaluators
As we have seen, an object animator directly sets a particular value on a target object with 
each animation cycle. These values so far have been single point values such as floats, 
ints, and so on. What happens if your target object has a property that is an object itself? 
This is where type evaluators come into play.

To illustrate this consider a view on which we want to set two values such as ‘x’ and ‘y’. 
Listing 18-35 shows how we encapsulate a regular view for which we know how to change 
x and y. The encapsulation will allow the animation to cali once for both x and y through 
the PointF abstraction available in the Android graphics package. We will provide a 
setPoint(PointF) method and then, inside that method, parse out x and y and set them on 
the view. Take a look at Listing 18-38.

Listing 18-38. Animating a View Through a TypeEvaluator

//file: AnimatableView.java(ProAndroid5_chl8_TestPropertyAnimation.zip) 
public class MyAnimatableView {

PointF curPoint = nuli; View m_v = nuli;
public MyAnimatableView(View v) {

curPoint = new PointF(v.getX(),v.getY());
m_v = v;

}
public PointF getPoint() { 

return curPoint;
}
public void setPoint(PointF p) {

curPoint = p;
m_v.setX(p.x);
m_v.setY(p.y);

} 
}

In codę Listing 18-38 TypeEvaluator is a helper object that knows how to set a composite 
value such as a two-dimensional or three-dimensional point during an animation cycle. In a 
scenario involving composite fields (represented as an object), an ObjectAnimator will take the 
starting composite value (like the PointF object which is a composite of x and y), an ending 
composite value and pass them to a TypeEvaluator helper object to get the intermediate 
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object value. This composite value is then set on the target object. Listing 18-39 shows how a 
ypeEvlautor calculates this intermediate value through its evaluate method.

Listing 18-39. Coding a TypeEvaluator
//file: MyPointEvaluator.java(ProAndroid5_chl8_TestPropertyAnimation.zip)
Public class MyPointEvaluator implements TypeEvaluator<PointF> {

Public PointF evaluate(float fraction, PointF startValue, PointF endValue) {
PointF startPoint = (PointF) startValue;
PointF endPoint = (PointF) endValue;
return new PointF(

startPoint.x + fraction * (endPoint.x - startPoint.x), 
startPoint.y + fraction * (endPoint.y - startPoint.y));

From Listing 18-39 you can see that you need to inherit from the TypeEvaluator interface 
ar>d implement the evaluate() method. In this method, you will be passed the fraction of the 
ahimation’s total progress. You can use that fraction to adjust your intermediate composite 
Value and return it as a typed value.
Listing 18-40 shows how an ObjectAnimator uses MyAnimatableView and the 
yPointEvaluator to animate composite values for a View.

Listing 18-40. Using aTypeEvaluator
^file: TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip)
Public woid testTypeEvaluator(View v) {

float h = m_tv.getHeight(); float w = m_tv.getWidth();
float x = m_tv.getX(); float y = m_tv.getY();

PointF startingPoint = new PointF(w,h);
PointF endingPoint = new PointF(x,y);

//m_atv: You will need this codę in your activity earlier as a local variable: 
MyAnimatableView m_atv = new MyAnimatableView(m_tv);

ObjectAnimator viewCompositeValueAnimator =
ObjectAn imator.ofObj ect(m_atv

,"point", new MyPointEvaluator()
,startingPoint, endingPoint);

viewCompositeValueAnimator.setDuration(5000);
j viewCompositeValueAnimator.start();

o°tice in Listing 18-40 that the ObjectAnimator is using the method ofObject() as
f Pb°sed to ofFloat() or oflnt(). Also notice that the starting value and ending value 

r/the animation are composite values represented by the class PointF. The goal of the 
ject animator is now to come up with an intermediate value for PointF and then pass 
0 the method setPoint(PointF) on the custom class MyAnimatableView. The class
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MyAnimatableView can accordingly set the respective individual properties on the contained 
text view. This animation in Listing 18-40 using the TypeEvaluator is invoked by button 7. 
When this animation runs, the view will migrate from bottom right to top left.

Understanding Key Frames
Key frames are useful places during an animation cycle to put key time markers (significant 
instances in time). A key frame specifies a particular value for a property at a given moment in 
time. The key marker’s time is between 0 (beginning of animation) and 1 (end of animation). 
Once you gather these key-frame values, you set them against a particular property such as 
alpha, x, or y. This association of key frames to their respective properties is done through 
the PropertyValuesHolder class. You then tell the ObjectAnimator to animate the resulting 
PropertyValuesHolder. Listing 18-41 demonstrates key-frame animation.

Listing 18-41. Animating a View Using Key Frames

//file:TestPropertyAnimationActivity.java(ProAndroid5_chl8_TestPropertyAnimation.zip) 
public void testKeyFrames(View v) {

float h = m_tv.getHeight(); float w = m_tv.getWidth();
float x = m_tv.getX(); float y = m_tv.getY();

//Start frame : 0.2, alpha: 0.8
Keyframe kfo = Keyframe.ofFloat(o.2f, 0.8f);

//Middle frame: 0.5, alpha: 0.2
Keyframe kfl = Keyframę.ofFloat(.5f, 0.2f);

//end frame: 0.8, alpha: 0.8
Keyframe kf2 = Keyframe.ofFloat(O.8f, 0.8f);

PropertyValuesHolder pvhAlpha =
PropertyValuesHolder.ofKeyframe("alpha", kfo, kfl, kf2);

PropertyValuesHolder pvhX =
PropertyValuesHolder.ofFloat("x", w, x);

//end frame
ObjectAnimator anim =

ObjectAnimator.ofPropertyValuesHolder(m_tv, pvhAlpha,pvhX);
anim.setDuration(5000);
anim.start();

}

The animation in Listing 18-41 is invoked by button 8. When this animation runs, you will 
see the text move from right to left. When 20% of the time has passed, alpha will change 
to 80%. The alpha value will reach 20% at half way and change back to 80% at the 80th 
percentile of the animation time.
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Understanding Layout Transitions
The property animation API also provides layout-based animations through the 
LayoutTransition class. This class is well documented as part of the standard API Java doc 
at the following URL

http: //developer.android.com/reference/android/animation/LayoutTransition.html

We will summarize here only the key points of layout transitions. To enable layout transitions 
°n a view group (most layouts are view groups), you will need to use the codę shown in 
Listing 18-42.

Listing 18-42. Setting a Layout Transition 
viewgroup.setLayoutTransition( 

new LayoutTransition()

With the codę in Listing 18-42 the layout Container (ViewGroup) will exhibit default transitions 
as views are added and removed. A LayoutTransition object has four different default 
Animations that cover each of the following scenarios:

■ Add a view (animation for the view that is appearing due to an add 
or a show)

■ Change appearing (animation for the rest of the items in the layout as 
they could change their size or appearance due to a new item 
being added)

■ Remove a view (animation for the view that is disappearing due to 
a remove ora hide)

■ Change disappearing (animation for the rest of the items in the layout as 
they could their size or appearance due to an item being removed)

you want custom animators for each of these cases, you can set them on the 
LayoutTransition object. Here is an example in Listing 18-43.

Listing 18-43. Layout Transition Methods
^Here is how you get a new layout transition
LayoutTransition It = new LayoutTransition();

^You can set this layout transition on a layout
s°meLayout.setLayoutTransition(lt);

^obtain a default animator if you need to remember
nimator defaultAppearAnimator = It.getAnimator(APPEARING);

^create a new animator
u°jectAnimator someNewObjectAnimatorl, some0ther0bjectAnimator2;
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//set it as your custom animator for the allowed set of animators
lt.setAnimator(APPEARING, someNewObjectAnimatorl);
lt.setAnimator(CHANGE_APPEARING, someNewObjectAnimatorl);
lt.setAnimator(DISAPPEARING, someNewObjectAnimatorl);
lt.setAnimator(CHANGE_DISAPPEARING, someOtherObjectAnimator2);

Because the animator you supply to a layout transition applies to each view, the animators 
are internally cloned before being applied to each view.

Resources
Here are some useful links to when you are working with the Android Animation API:

■ : Author research notes on Android property animations.http://www.androidbook.com/item/3901
■ : A key blog on property animations.http://android-developers.blogspot.com/2011/02/animation-in- honeycomb.html
■ : A blog on view property animations.http://android-developers.blogspot.com/2011/05/introducing- viewpropertyanimator.html
■ : Primary documentation on property animations from the Android SDK.

http://developer.android.com/guide/topics/graphics/prop- animation.html
■ http: //developer.android.com/guide/topics/graphics/animation.html: Android documentation links to all animation types, including property animations and old-style animations.
■  package-summary.html: Java doc API forthe older animation package android.view.animation.

http://developer.android.com/reference/android/view/animation/

■ : XML. tags for various animation types.http://developer.android.com/guide/topics/resources/animation- resource.html
■ : Downloadable 

test projects for this chapter. The names of the zip files are ProAndroid5_chl8_TestFrameAnimation.zip, ProAndroid5_chl8_ TestLayoutAnimation.zip, ProAndroid5_chl8_TestViewAnimation.zip, and ProAndroid5_chl8_TestPropertyAnimation.zip.

http://www.androidbook.com/proandroid5/projects

Summary
In this chapter we have covered frame-by-frame animation, layout animation, view 
animation, interpolators, transformation matrices, Camera, and various ways of using the 
new property animation API. All concepts are presented with working code snippets and 
supported by working downloadable projects.

http://www.androidbook.com/item/3901
http://android-developers.blogspot.com/2011/02/animation-in-honeycomb.html
http://android-developers.blogspot.com/2011/05/introducing-viewpropertyanimator.html
http://developer.android.com/guide/topics/graphics/prop-animation.html
http://developer.android.com/reference/android/view/animation/
http://developer.android.com/guide/topics/resources/animation-resource.html
http://www.androidbook.com/proandroid5/projects


Chapter

Exploring Maps and
Location-Based Services
M this chapter, we are going to talk about maps and location-based sen/ices. Location- 
based sen/ices form one of the more exciting pieces of the Android SDK. This po ion o 
the SDK provides APls to let application developers display and manipulate maps, 0 aia 
real-time device-location information, and take advantage of other exciting features. or ing 
with maps changed significantly when Google introduced the MapFragment and yersion o 
the Google Maps API. This chapter will go into details of the new ways of creating maps and 
Manipulating them.
^he location-based sen/ices facility in Android sits on two pillars: the mapping and location 
based APls. The mapping APls in Android provide facilities for you to display a map and 
Manipulate it. For example, you can zoom and pan; you can change the map mo e (rom 
s9tellite view to traffic view, for example); you can add markers and custom data o e map, 
ar|d so on. The other end of the spectrum is Global Positioning System (GPS) data and 
^formation about locations, both of which are handled by the location package.

^hese APls often reach across the Internet to invoke sen/ices from Google sen/ers, via 
$°ogle Play Sen/ices (the local uber application on the device). Therefore, you wi usua y 
need to have Internet connectivity for these to work. In addition, Google has Terms o 
$ervice that you must agree to before you can develop applications with these Goog e 
Sen/ices. Read the terms carefully; Google places some restrictions on what you can o wi 

sen/ice data. For example, you can use location information for users personal use, u 
Certain commercial uses are restricted, as are applications involving automated contro o 
Vehicles. The terms will be presented to you when you sign up for a Maps API key.

In this chapter, we’ll go through each of these packages. We’ll start with the mapping APls 
show you how to use maps with your applications. As you’II see, mapping in Androi 

“oils down to using MapFragment class in addition to the mapping APls, which integrate wi 
Google Maps. We will also show you how to place custom data onto the maps that you 
^'splay and how to show the current location of the device on a map. After talking about

405
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maps, we’ll delve into location-based sen/ices, which extend the mapping concepts. We will 
show you how to use the Android Geocoder class and the LocationServices sen/ice. We will 
also touch on threading issues that surface when you use these APls.

Understanding the Mapping Package
As we mentioned, the mapping APls are one of the components of Android’s location-based 
sen/ices. The mapping package contains almost everything you’II need to display a map on 
the screen, handle user interaction with the map (such as zooming), display custom data on 
top of the map, and so on. In the old version of Android Maps, your application would talk 
directly to the Google Maps sen/ices for everything map-related. In the new version, your 
application must talk to Google Play Sen/ices, which is a local app on the device, provided 
as part of the operating system. Your app still also makes calls over the Internet for data, but 
if Google Play Sen/ices is not present locally on the device, your maps will not work. If you 
need maps on devices that don’t have Google Play Sen/ices you’ll need to explore one of 
the other maps packages available for Android (e.g., MapOuest).

In order for your application to talk to Google Play Sen/ices, you will need to include the 
Google Play Sen/ices library into your application. Android Studio does this differently than 
Eclipse with ADT. See the References section below for a link to online instructions for the 
latest way to do this. Before you include the Google Play Sen/ices library in your application, 
you must first download it through the SDK Manager. You’ll find it under Extras.

You may have noticed that your Android SDK Manager shows Google API packages in 
addition to the Android SDK platforms. Previously, you had to base your application on a 
Google APls package in order to use maps, but that is no longer true. Instead, the Maps API 
integrates to Google Play Sen/ices, so your application can be based on a regular Android 
package. However, to test a maps-based app in the emulator, you would need to base your 
emulator’s Android Virtual Device (AVD) on a Google APls package. More on testing apps later'

The first step to working with the maps package is to display a map. To do that, you’ll use 
MapFragment (or SupportMapFragment if you want backwards compatibility with versions of 
Android prior to API 12, a.k.a. Honeycomb 3.1). Using this class, however, requires some 
preparation work. Specifically, before you can use Google Maps sen/ices, you’ll need to get 
a Maps API key from Google. The Maps API key enables Android to interact with Google 
Maps sen/ices to obtain map data. The next section explains how to obtain a Maps API key-

Obtaining a Maps API Key from Google
Google wants to be able to identify the application that is connecting to the map 
sen/ices. It uses a combination of the application package and the certificate used to 
sign the application, to generate a Maps API key that the application must then use to 
request sen/ice. The Maps API key can be used across a number of pairs of packages 
and certificates. This means you can use the same Maps API key for development and 
production; the package would be the same but the certificates are probably different. 
In theory you could use the same key across multiple applications but this practice is 
discouraged. You don’t want to do this anyway sińce Google imposes certain limits on the 
Maps API usage and by sharing a Maps API key with multiple applications you could more 
easily exceed the limit.
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o obtain a Maps API key, you need the certificate that you’ll use to sign your application (in
he case of a development version of your app, the debug certificate). You’ll get the SHA-1

fln9erprint of your certificate, and then youTI enter it, along with your application’s package,
°n Google’s web site to generate an associated Maps API key.

lrst, you must locate your debug certificate, which is generated and maintained by 
Eclipse. You can find the exact location using the Eclipse IDE. If you’re using an IDE other 
han Eclipse, you just need to locate the keystore file where the certificates are held. From 

hclipse’s Preferences menu, go to Android > Build. The debug certificate’s location will be 
lsPlayed in the Default Debug Keystore field, as shown in Figure 19-1.

'9ure 19.^ y/jg (jg^g certificate’s location
Y
sh^XtraCt the SHA'1 ^n9erPr'nt> you can run the keytool with the -list option, as

"FU^001 list ’alias androiddebugkey -keystore
LL PATH OF YOUR debug.keystore FILE" -storepass android -keypass android

^te that the alias you want from the debug storę is androiddebugkey. Similarly, the 
ystore password is android, and the private key password is also android. When you run 
s command, the keytool provides the fingerprint (see Figure 19-2).
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Figure 19-2. The keytool output for the list option

You’ll notice that the fingerprint displayed by the keytool command is the same as displayed 
in the Preferences screen as shown in Figure 19-1 so you could have just gotten it from 
that screen. But now you know both ways to extract out the SHA-1 fingerprint for your 
application. When you use keytool to extract out the SHA-1 fingerprint for the production 
certificate, you’ll use the keystore file, alias, and password that you set up for your 
production certificate.

The next step is to go to Google’s Developer Console to add your application, and following 
that you enable the Maps API. The result will be your Maps API key to include in your 
application. The Developer Console is here, and you will need a Google account in order to 
get there:

https://console.developers.google.com

You will need to create a new project. As part of creating the new project, you need to 
provide a Project Name and a Project ID. The Project ID will be pre-populated with something 
strange-looking. You can put any value you want here as long as it is unique. However, the 
Project ID is just for use by the Google Developer Console; it has nothing to do with the 
source codę of your application. Remember that you’re creating a sample project based on 
the codę of this chapter’s sample project, so that you can get a Maps API key to see it work- 

Read through the Terms of Service. lf you agree to the terms, click Create to create your ne^ 
project. This sets up a basie template of a project with Google. Next you’re going to enable 
the APls you want. For a maps application, you’ll choose Google Maps Android API v2. Fot 
the chapter’s sample application, you also want to include the Geocoding API. You might 
get a pop-up window called ‘Configure Android Key for <your app name>’. lf you don’t get 
a pop-up, you can navigate to the APls & auth > Credentials section of your project in the 
Developers Console and generate an API key there. This is where you need to copy and 
pastę in both the SHA-1 fingerprint of the application signing certificate, and the package 
name of the application, separated by a semicolon. The package name is the one from 
your source codę. Notę that you can copy in more than one linę, so if you have the SHA-1 
fingerprint from the production application signing certificate (which is typically different from 
the androiddebugkey used in development), you could add a second linę for the production 
application.

Once you press the Create button on this screen you will get an API key. This is what you 
include in the AndroidManifest.xml file of your application. The API key is active immediate^’ 
so you can start using it to obtain map data from Google.

https://console.developers.google.com
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Adding the Maps API Key to Your Application
To see how the Maps API key is added to the manifest file, see the bottom of Listing 19-1.

Listing tg-i, AndroidManifest.xml for a Simple Maps Application
<?xml version="l.o" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android" 

package="com.androidbook.maps.whereami" 
android:versionCode="l"
android:versionName="1.0" >

<uses-sdk
android:minSdkVersion="lo" android:targetSdkVersion="19" />

<uses-permission android:name="android.permission.ACCESS_FINE_LOCATION"/>
<uses-permission android:name="android.permission.ACCESS_NETWORK_STATE" />
<uses-permission android:name="android.permission.INTERNET"/>
<uses-permission android:name="android.permission.WRITE_EXTERNAL_STORAGE"/> 
<uses-feature

android:glEsVersion="0x00020000" android:required=“true"/>

<application
android:allowBackup="true" android:icon="@drawable/ic_launcher" 
android:label="@string/app_name"
android:theme="@style/AppTheme" >
<activity

android:name="com.androidbook.maps.whereami.MainActivity" 
android:label="@string/app_name" > 
<intent-filter>

caction android:name="android.intent.action.MAIN" /> 
ccategory android:name="android.intent.category.LAUNCHER" /> 

</intent-filter>
</activity>
<meta-data android:name="com.google.android.gms.version" 

android:value="@integer/google_play_services_version /> 
<meta-data

android:name="com.google.android.maps.v2.API_KEY"
android:value="AIzaSyBDslZ0gu9X2A4TGla7fPl-Ge_MKlyviKM"/>

</application>
n’anifest>

you no doubt noticed, there are other elements within the manifest file that must be 
resent for a maps application to work. The <meta-data> tag above the Maps API key 
required, as are the permissions near the top. Technically, the ACCESS_FINE_LOCATION 

ermission is not needed to show maps; it is there so location functionality (e.g., GPS) will 
ork. GPS is commonly used in maps applications. ACCESS_NETWORK_STATE and INTERNET 
ermissions are there so the maps application can download map tile data (i.e., the map 

^aPhics) and to know what type and state of network connection the application has. 
। e ^ITE_EXTERNAL_STORAGE permission is there so the maps application can create a 

cal cache of map tile files on the device’s local storage space. Without caching, a maps 
^Plication would likely spend a lot of time downloading map tiles over and over again,

http://schemas.android.com/apk/res/android
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which is not only inefficient for your app, but it places an unwanted burden on the Google
servers and it could consume a large portion of the user’s data plan. And finally, the
glEsVersion feature is present because rendering maps on the screen uses OpenGL, so
by requiring the feature, the application avoids getting installed on devices that could not
display maps.

Now, let’s start playing with maps.

Understanding MapFragment
The foundational building błock of a map application is the MapFragment. This was introduced 
in Honeycomb (Android 3.1) and replaced MapView and MapActivity functionality. Now you 
can embed a MapFragment inside of a regular Android activity. lf you want your application 
to run on devices running an older version of Android, you can use SupportMapFragment 
and embed it inside a FragmentActivity. The MapFragment contains the map view to display 
maps, it handles user gestures to manipulate the map, and it manages the background 
threads that talk to the Google sen/ices to retrieve map data.

MapFragment is a very nice bundle of functionality, but ifs not all that you need on your 
device to make maps work. Fortunately, the integration with Google Play Sen/ices is all 
handled for you; all you need to do is make a special entry into your app’s AndroidManifest- 
xml file, which you saw in the previous section.

The first sample application for this chapter will simply show a map to the user and let the 
user explore the map.

Notę We give you a URL at the end of the chapter that you can use to download projects from this 
chapter. This will allow you to import these projects into your IDE directly. Also notę that if you want 
to test these samples with an Android emulator, make surę the Android Virtual Device (AVD) is built 
with the Google APls.

Please refer to the sample project called WhereAml. The application is madę up of a very 
basie FragmentActivity, a very simple layout, and a SupportMapFragment. The sample is 
using the compatibility classes, which means it will run on Gingerbread devices as well as 
the latest models. lf your app only needs to run on devices newer than Honeycomb 3.0, y°u 
could use a regular activity and a MapFragment instead.
Listing 19-2 shows the activity. All thafs needed is to set up the layout and, if needed, create 
the MapFragment and insert it into the layoufs Container (a FrameLayout).
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Listing 19-2. A Basic FragmentActMty for Displaying a Map
Public class MainActivity extends FragmentActivity {

private static finał String MAPFRAGTAG = "MAPFRAGTAG";
private MyMapFragment myMapFrag;

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);

if ((myMapFrag = (MyMapFragment) getSupportFragmentManager() 
.findFragmentByTag(MAPFRAGTAG)) == nuli) {

myMapFrag = MyMapFragment.newlnstance();
getSupportFragmentManager().beginTransaction()

.add(R.id.Container, myMapFrag, MAPFRAGTAG).commit();

f the activity is re-created due to an orientation change for example, the map fragmen 
wil1 still be available and be automatically attached to the new activity by Android. e 
^ap fragment is not found, it means this is the first time in, or the map fragment as een 
hestroyed, so create a new one and attach it. It doesn’t get any easier than that. e ayou 
s°urce is shown in Listing 19-3. It is simply a FrameLayout with an id of "Container that tilis 
he available screen space.

^ting 19-3 [_ay0Ut for Simple Map Display (activity_main.xml)

<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android
xmlns:tools="http://schemas.android.com/tools"
android:id="@+id/container"
android:layout_width="match_parent" 
android:layout_height="match_parent" 
tools:context="com.androidbook.maps.whereami.MainActivity" 
tools:ignore="MergeRootFrame" />

you are including the map fragment with other items in your user interface, you can simply 
^Se the FrameLayout where you want the map fragment to appear, embedded within o er 
®y°uts. The only code remaining is that of the MapFragment, which is shown in Listing - . 
'Surę 19-3 shows what the user sees.

Listing 19-4. ęOde for the MapFragment

^blic class MyMapFragment extends SupportMapFragment 
implements OnMapReadyCallback { 
Private GoogleMap mMap = nuli;

Public static MyMapFragment newlnstance() {
MyMapFragment myMF = new MyMapFragment();
return myMF;

http://schemas.android.com/apk/res/android
http://schemas.android.com/tools


412 CHAPTER 19: Exploring Maps and Location-Based Sen/ices

@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
getMapAsync(this);

}

@0verride
public void onActivityCreated(Bundle saved!nstanceState) { 

super.onActivityCreated(saved!nstanceState);
setRetainlnstance(true);

}

@0verride
public void onResume() {

super.onResume();
doWhenMaplsReadyO;

}

@0verride
public void onPause() {

super.onPause();
if(mMap != nuli)

mMap.setMyLocationEnabled(false);
}

@Override
public void onMapReady(GoogleMap argO) {

mMap = argO;
doWhenMaplsReadyO;

}

/* We have a race condition where the fragment could resume 
* before or after the map is ready. So we put all our logie 
* for initializing the map into a common method that is 
* called when the fragment is resumed or resuming and the 
* map is ready.
*/

void doWhenMaplsReadyO {
if(mMap != nuli && isResumed()) 

mMap.setMyLocationEnabled(true);
}
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F'9ure 19.3, A basie MapFragment displaying your location

recent deyelopment (Dec 2014) to the Maps API is the use of a callback to let the 
PPlication know when the map is ready to be acted upon. The callback is set up using 

^MapAsyncO, and the onMapReadyO callback is called when the map can be used by the 
PPlication. In between calling getMapAsync() and invoking the onMapReadyO callback, 
ndroid is setting up Communications, threads, etc., for the map. This means that the map 

, ay or may not be ready when onResume() is invoked, which tells the fragment that the Ul 
$ n°w being shown. Therefore, the application needs a separate method to work on the 

aP and it needs to be called both by onResume() and by onMapReadyO- For this sample 
PPlication, the doWhenMaplsReadyO method fills that role.

Th
e application wants to show the user the device’s current location, so the 

eWLocationEnabled() method is called in doWhenMapIsReady(). But doWhenMaplsReadyO 
^eds to check that the map exists and that the fragment is resuming or has resumed.

e don’t know which will occur first, but both must be true before we enable location 
Pdates. The current location updates are disabled when the fragment goes out of view 

$ee or>Pause()). The only other codę linę to notice is the setRetainlnstanceO method cali.
the map does not need to be destroyed and re-created for a configuration change of 

tu® actiyity, it makes sense to keep the fragment and reuse it, along with the threads and 
g es anc* So on‘ Y°u s^ou^ remember that a configuration change will cause onPause()

°nResume() to be invoked during the config change. This will correctly disable location 
Pc|ates and re-enable them during onResume().
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Map Controls: MyLocation, Zoom, Pan
There are a couple of artifacts on the user interface to notice. First is the MyLocation button 
in the upper-right corner. When you first start the sample app you will see a very high-level 
view of the world. To show the current location, tap the MyLocation button. This will relocate 
the map to the current position and zoom in. Second is the blue dot. The blue dot represents 
where the app thinks you are, and the circle represents how accurate it thinks this location 
is. The circle may grow or shrink as the location information changes.

The user can use pinch gestures (i.e., squeezing two fingers apart or together) to zoom in 
or out. There are morę gestures that the user can do on the map. By swiping, the user can 
pan the map; that is, they can move the map to see nearby areas. Using two fingers and a 
rotation move, the user can rotate the map. That’s a lot of functionality that’s automatic from 
simply creating a MapFragment.

These map Controls and morę are contained in an object of the UiSettings class. You can 
get the map’s UiSettings by calling getUiSettings() on the GoogleMap object (i.e., mMap 
in the sample app). You can then modify the settings programmatically. For example, you 
could enable a compass to be displayed on the map, or you could enable/disable the zoom 
plus/minus control so it is or is not displayed. The zoom plus/minus control appears in the 
lower-right corner and allows the user to zoom in or out by tapping the plus or minus button, 
respectively.

Map Types
The default map type is MAP_TYPE _NORMAL. This is the type that was used in Figure 19-3.
It shows the roads with the basie features of the land such as where water is, where 
greenspace is, and some places and buildings. MAP_TYPE_SATELLITE shows a photographic 
satellite view of the ground, so the user is able to see actual buildings, cars, and even peopl®' 
MAP_TYPE_HYBRID is a combination of these two; MAP_TYPE_TERRAIN is like a normal map but 
with topographical features added such as mountains and canyons. To really see the effect o 
MAP_TYPE_TERRAIN, zoom in on a place like Boulder, Colorado with a map set to Terrain.

You use the setMapType() method of a GoogleMap to change the type.

Adding a Traffic Layer
In the previous version of Android Maps, traffic was treated like the satellite and normal 
modes of maps. With API v2, traffic is enabled separately using the setTrafficEnabledO 
method of a GoogleMap.

Map Tiles
lt’s helpful to understand what’s going on when your app displays a map. Google has 
created millions of base map tiles to represent the earth’s surface. At the lowest zoom leve 
(i.e., zero) there is one tile to show the entire world. At zoom level 1, there are four tiles in a 
2x2 configuration. At zoom level 2, there are 16 tiles in a 4x4 configuration. And so on up to 
zoom level 21. Depending on what part of the world you want to display, and what the zoo 
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evel is, the GoogleMap object will fetch and cache the appropriate tiles. Pan to the side,
nd anY additional tiles will be fetched and displayed. Pan back to where you were and your

aPP can retrieve map tiles from the cache instead of making more round trips to the server.

qS interesting to notę that base map tiles for the normal type of maps are not images. 
t °ogle has figured out a compressed way to describe the shapes and colors within the

instead of just sending down images for each tile. As a result, normal map tiles are very 
IClent in terms of cache space as well as network bandwidth. Satellite tiles on the other 

and are not as compressed, sińce they are images.
^ow you can understand why sometimes a maps application will show a gray grid pattern 

seem to function but won’t show streets and other items. The GoogleMap object has 
een instantiated, and it knows a zoom level and where it is supposed to be displaying a 
aP, but it is unable to retrieve and render tiles to the user. This is most often due to an 
va ip Maps API key, or the API key has not been set up properly. But it could also mean

th ICu^ 'n reaching the Google Maps servers. However, if map tiles have been cached, 
Th°Se ^es can be rendered to the user even if the tile servers at Google are unreachable. 
cal?are tW0 ur|fortunate things about map tile caching. The first is that there are no API 

s to manage the map tile cache, either to force map tiles to be cached, or to change the 
e of the cache, or to evict tiles from the cache. You just have to trust that Google will do 

a right thing. The second is that map tiles are cached per application. So just because the
tho°9le ^aPs application may have cached tiles, your application does not have access to 

Se tiles. Your application can only see the cached tiles that it has cached.

Adding Markers to Maps
The3'^ want to identify points of interest on a map, and this is done using Markers. 
the P0'n^s could be stationary objects like addresses, landmarks, or a parking spot. But 
cho^ C°U^ also be moving objects like cars, planes, people, pets, storms, etc. You get to 
lots°^e what the marker looks like and where it is positioned on a map. And you can have 
to in°i ^^rs all at the same time. We’re going to modify the sample program from above 
the C Uc*e a couPle of markers. You’ll see how to place them, and then how to manipulate

V|ew to make surę the user sees the markers.

And/ USe tlqe samPle program called WhereAmIMarkers. You will need to modify the
l^yM file as before to use your Maps API key. The source codę for
Sj .java has been modified as shown in Listing 19-5. The screen will appear

arto Figure 19-4.

Ustinn i q c Codę for the MapFragment Showing Markers
P^llę -n

■ iass MyMapFragment extends SupportMapFragment 
imPlements OnMapReadyCallback {

Public static MyMapFragment newlnstance() {
MyMapFragment myMF = new MyMapFragment();
return myMF;
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@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
getMapAsync(this);

}

@0verride
public void onActivityCreated(Bundle saved!nstanceState) { 

super.onActivityCreated(saved!nstanceState);
setRetainlnstance(true);

@0verride
public void onMapReady(GoogleMap myMap) {

LatLng disneyMagicKingdom = new LatLng(28.418971, -81.581436);
LatLng disneySevenLagoon = new LatLng(28.410067, -81.583699);

// Add a marker
MarkerOptions markerOpt = new MarkerOptions()

.draggable(false)

.fiat(false)

.position(disneyMagicKingdom)

.title("Magic Kingdom")

.icon(BitmapDescriptorFactory.defaultMarker(BitmapDescriptorFactory. 
HUE_AZURE));

myMap.addMarker(markerOpt);

markerOpt.position(disneySevenLagoon)
.title("Seven Seas Lagoon");

myMap.addMarker(markerOpt);

II Derive a bounding box around the markers
LatLngBounds latLngBox = LatLngBounds.builder()

.include(disneyMagicKingdom)

.include(disneySevenLagoon)

.build();

// Move the camera to zoom in on our locations
myMap.moveCamera(CameraUpdateFactory.newLatLngBounds(latLngBox, 200, 200, 0));
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Fi9ure 19.4. Ma^g on a map

a9ain, everything starts from acquiring the GoogleMap object from the MapFragment. 
Co Ce maP 's ava'lable, you can create markers which in this case are based on a 

Uple °f f'Xed LatLnS objects. You’ll notice though that you don’t directly instantiate a 
bJ er object- Instead, you use a MarkerOptions object to specify how the marker should 
sh Crea^ed' it *s within the MarkerOptions object that you decide the position, title, marker 
yo9^6’ co'or’ ®tc- While you could instantiate a Marker object and then cali each setter that

MarkerOptions makes things much easier, especially if you need to create multiple 
feat GrS ^at w'" sbare common features. This sample only uses some of the MarkerOptions 

Ures, please see the reference documentation to learn all of the options available.
Thar e next tbin9 y°u like|y want to do is show the map to the user such that all the markers 
the VlS'b'e a* same time. This reęuires two things: centering the map in the middle of 

and setting the zoom level as high as possible without being so close that you
t fit all the markers into the view. Fortunately, a helper class is available for this purpose. 

With LatLngBounds object is created by passing it all of the LatLng points that should be 
Poi T view’ and 't calculates the smallest box that contains them all. In this sample, both

are passed in at once. You could also use a loop to pass in all the points and then 
0 a the build() method to return the bounding box.

QqCs you have a bounding box, you need to adjust the map’s camera. In the old version of 
look^e MaPs’ there was only a straight-down view of a map, as if you were above the map 

ln9 straight down. With Maps API version 2, there is the concept of a camera that can 



418 CHAPTER 19: Exploring Maps and Location-Based Seryices

look straight down, but can also look at an angle. lf you use two fingers at the same time
and swipe the screen from top to bottom, you will see the viewing angle change. You have in
effect pivoted the camera so you are no longer looking straight down. The camera can also
look to the east, south or any other direction when it is angled. You can twist two fingers to
rotate the map too.

All these camera angles, zoom levels and so on are controlled using the map’s 
animateCamera() or moveCamera() methods. These methods take a CameraUpdate object 
as instructions, and the CameraUpdateFactory class generates those. In the sample, 
the bounding box is passed to the CameraUpdateFactory and it returns an appropriate 
CameraUpdate so that the camera will be positioned in the best place to see all the markers. 
There are several other methods to CameraUpdateFactory to accommodate other ways of 
positioning the camera. You do can simple zoomln() and zoomOut() for example. You can 
also create a CameraPosition object and use that.
All in all, you’ll agree that placing markers on a map couldn’t be easier. Or could it? We don’t 
have a database of latitude/longitude pairs, but we’re guessing that we’ll need to somehow 
create one or more LatLng objects using a real address. Thafs when you can use the 
Geocoder class, which is part of the location package that we’ll discuss next.

Understanding the Location Package
The android.location package provides facilities for location-based services. In this 
section, we are going to discuss two important pieces of this package: the Geocoder class 
and the LocationManager sen/ice. We’ll start with Geocoder.

Geocoding with Android
lf you are going to do anything practical with maps, you'II likely have to convert an address 
(or location) to a latitude/longitude pair. This concept is known as geocoding, and the 
android.location.Geocoder class provides this facility. In fact, the Geocoder class provides 
both forward and backward conversion—it can take an address and return a latitude/ 
longitude pair, and it can translate a latitude/longitude pair into a list of addresses. The class 
provides the following methods:

■ List<Address> getFromLocation(double latitude, doublelongitude, int maxResults)
■ List<Address> getFromLocationName(String locationName, intmaxResults, double IowerLeftLatitude, double IowerLeftLongitude, double upperRightLatitude, double upperRightLongitude)
■ List<Address> getFromLocationName(String locationName, int maxResults)

It turns out that computing an address is not an exact science because of the various ways 
a location can be described. For example, the getFromLocationName() methods can take 
the name of a place, the physical address, an airport codę, or simply a well-known name f°r 
the location. Thus, the methods return a list of addresses and not a single address. Because 
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łhe methods return a list, which could be quite long (and take a long time to return), you are 
encouraged to limit the result set by providing a value for maxResults that ranges between 1 
and 5. Now, let’s consider an example.
Listing 19-6 shows the XML layout and corresponding codę for the activity and map 
fra9ment shown in Figurę 19-5. To run the example, you’ll need to update the manifest with 
your own Maps API key.

L'stln9 19-6. Working with the Android Geocoder Class

This is activity_main.xml -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:orientation="vertical"
android:paddingBottom="@dimen/activity_vertical_margin"
android:paddingLeft="@dimen/activity_horizontal_margin"
android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"
tools:context="com.androidbook.maps.whereami.Ma inActivity"
tools:ignore="MergeRootFrame" >

<EditText android:id="@+id/locationName"
android:layout_width="match_parent" 
android:layout_height="wrap_content" 
android:hint="Enter location name" 
android:inputType="text"
android:imeOptions="actionCo" />

<FrameLayout android:id="@+id/container"
android:layout_width="match_parent" 
android:layout_height="match_parent" />

<zLinearLayout>

/**

This is from MainActivity.java

^blic class MainActivity extends FragmentActivity {

private static finał String MAPFRAGTAG = "MAPFRAGTAG";
MyMapFragment myMapFrag = nuli;
private Geocoder geocoder;

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);

http://schemas.android.com/apk/res/android
http://schemas.android.com/tools
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if ((myMapFrag = (MyMapFragment) getSupportFragmentManager() 
.findFragmentByTag(MAPFRAGTAC)) == nuli) { 

myMapFrag = MyMapFragment.newlnstance();
getSupportFragmentManager().beginTransaction() 

.add(R.id.Container, myMapFrag, MAPFRAGTAG).commit(); 
}
if(Build.VERSION.SDK_INT >= Build.VERSION_CODES.GINGERBREAD

&& !Geocoder.isPresent()) { 
Toast.makeText(this, "Geocoder is not available on this device", 

Toast.LENGTH_LONG).show();
finish();

}
geocoder = new Geocoder(this);
EditText loc = (EditText)findViewById(R.id.locationName);
loc.setOnEditorActionListener(new OnEditorActionListener() { 

@0verride ,
public boolean onEditorAction(TextView v, int actionld, KeyEvent event;

if (actionld == EditorInfo.IME_ACTION_GO) { 
String locationName = v.getText().toString();

try {
List<Address> addressList = 

geocoder.getFromLocationName(locationName, 5); 
if(addresslist!=null && addressList.size()>0)

// Log.v(TAG, "Address: " + addressList.get(O).toString())>
myMapFrag.gotoLocation(new LatLng( 

addressList.get(O).getLatitude(), 
addressList.get(o).getLongitude()), 
locationName);

}
} catch (IOException e) { 

e.printStackTrace();
}

} 
return false;

} 
});

public class MyMapFragment extends SupportMapFragment 
implements OnMapReadyCallback { 
private GoogleMap mMap = nuli;

public static MyMapFragment newlnstance() { 
MyMapFragment myMF = new MyMapFragment(); 
return myMF;

}
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^erride
^lic void onCreate(Bundle saved!nstanceState) {

SuPer.onCreate(savedInstanceState);
j §etMapAsync(this);

@°verride
lic void onActivityCreated(Bundle saved!nstanceState) { 

SuPer,onActivityCreated(savedInstanceState);
} setRetainInstance(true);

lic void gotoLocation(LatLng latlng, String locString) {
i+(mMap == nullj

return;
Add a marker for the given location

arkerOptions markerOpt = new MarkerOptions()
•draggable(false)
•flat(false)
•position(latlng)
.icon(BitmapDescriptorFactory.defaultMarker(BitmapDescriptorFactory.
HUE_AZURE))
• title("You chose:1')
.snippet(locString);

See ^e onMarkerClicked callback for why we do this 
nap.addMarker(markerOpt);

Mwe the camera to zoom in on our location
} ap-moveCamera(CameraUpdateFactory.newLatLngZoom(latlng, 15));

@Override

onMapReady(GoogleMap argO) {} ^ap = arg0.
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Figure 19-5. Geocoding to a point given the location name

To demonstrate the uses of geocoding in Android, type the name or address of a location 
in the EditText field and then tap the Go button on the keyboard. To find the address of a 
location, we cali the getFromLocationName() method of Geocoder. The location can be an 
address or a well-known name such as “White House.” Geocoding can be a prolonged 
operation, so we recommend that you limit the results to five, as the Android documentation 
suggests.

The cali to getFromLocationNameO returns a list of addresses. The sample application takes 
the list of addresses and processes the first one if any were found. Every address has a 
latitude and longitude, which you use to create a LatLng. You then cali our gotoLocationO 
method to navigate to the point. This new method in the map fragment creates a new 
marker, adds it to the map, and moves the camera to the marker with a zoom level of 15. 
The zoom level can be set to a float between 1 and 21, inclusive. As you move from 1 
toward 21 by 1 ’s, the zoom level increases by a factor of 2. We could have presented a 
dialog to display multiple found locations if we wanted to, but for now, we’ll just display the 
first location returned to us.

In our example application, we only read the latitude and longitude of our returned Address- 
In fact, there can be a ton of data about Addresses returned to us, including the location’s 
common name, Street, city, state, postal/ZIP code, country, and even phone number and 
web site URL.
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should understand a few points with respect to geocoding:

While the Geocoder class may exist, the sen/ice may not be 
implemented. If the device is Gingerbread or higher, you should check 
with Geocoder.isPresent() before attempting to geocode in your 
application.

A returned address is not always an exact address. Obviously, because 
the returned list of addresses depends on the accuracy of the input, you 
need to make every effort to provide an accurate location name to the 
Geocoder.

■ Whenever possible, set the maxResults parameter to a value between 1 
and 5.

You should seriously consider doing the geocoding operation in a 
different thread from the Ul thread. There are two reasons for this. The 
first is obvious: the operation is time-consuming, and you don’t want 
the Ul to hang while you do the geocoding, causing Android to kill your 
actiyity. The second reason is that, with a mobile device, you always 
need to assume that the network connection can be lost and that the 
connection is weak. Therefore, you need to handle input/output (l/O) 
exceptions and timeouts appropriately. Once you have computed the 
addresses, you can post the results to the Ul thread. See the included 
sample application called WhereAmlGeocoder2 for how to do this.

Understanding Location Services
^°cation Sen/ices provide two main functions: a mechanism for you to obtain the device’s 
$e°graphical location and a facility for you to be notified (via an intent) when the device 

n ers or exits a specified geographical location. This latter operation is known as 
ae°fencing.

this section, you are going to learn how to find the device’s current location. To
e the sen/ice, you must first obtain a reference to it. Listing 19-7 shows a simple

\A/u^e the FusedLocationProviderApi sen/ice. The sample project for this is called 
ereAmlLocationAPI.

t'n9 19-7. Using the Location Provider API

class MyMapFragment extends SupportMapFragment 
lmplements GoogleApiClient.ConnectionCallbacks,

Private 
Private 
Private 
Private

GoogleApiClient.OnConnectionFailedListener, 
OnMapReadyCallback {

Context mContext = nuli;
GoogleMap mMap = nuli;
GoogleApiClient mClient = nuli;
LatLng mLatLng = nuli;
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public static MyMapFragment newlnstance() {
MyMapFragment myMF = new MyMapFragment();
return myMF;

}

@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
getMapAsync(this);

}

@0verride
public void onActivityCreated(Bundle saved!nstanceState) {

super.onActivityCreated(saved!nstanceState);
if(mClient == nuli) { II first time in, set up this fragment 

setRetainlnstance(true);

mContext = getActivity().getApplication();
mClient = new GoogleApiClient.Builder(mContext, this, this)

.addApi(LocationServices.API)

. build();
mClient.connect();

}
}

@0verride
public void onConnectionFailed(ConnectionResult argO) {

Toast.makeText(mContext, "Connection failed". Toast.LENGTH_LONG).show();
}

@0verride
public void onConnected(Bundle argO) {

// Figure out where we are (lat, long) as best as we can
II based on the user's selections for Location Settings
FusedLocationProviderApi locator = LocationServices.FusedLocationApi;
Location myLocation = locator.getLastLocation(mClient);
U if the services are not available, could get a nuli location
if(myLocation == nuli)

return;
double lat = myLocation.getLatitude();
double Ing = myLocation.getLongitude();
mLatLng = new LatLng(lat, Ing);
doWhenEverything!sReady();

}

@0verride
public void onConnectionSuspended(int argO) {

Toast.makeText(mContext, "Connection suspended", Toast.LENGTH_LONG).show(); 
}
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@0verride
public void onMapReady(GoogleMap argO) { 

mMap = argO;
doWhenEverything!sReady();

private void doWhenEverything!sReady() {
if(mMap == nuli || mLatLng == nuli) 

return;
// Add a marker
MarkerOptions markerOpt = new MarkerOptions()

.draggable(false)

.fiat(true)

.position(mLatLng)

.icon(BitmapDescriptorFactory.defaultMarker(BitmapDescriptorFactory. 
HUE_AZURE));

mMap. addMarker(markerOpt);

II Move the camera to zoom in on our location
mMap.moveCamera(CameraUpdateFactory.newLatLngZoom(mLatLng, 15));

0 acquire a location sen/ice, you first need to create a Google API client object, which 
^akes available to you the sen/ices from Google Play Sen/ices. This is relatively easy to 

°> and once you have the client object, you need to cali its connect() method. This will 
a er invoke the onConnected() callback asynchronously to let your application know that

e Client has been connected and is now available for use. Or your application may get the 
°nConnectionFailed() callback, in which case you should take appropriate action. For the 
arnple we simply show a Toast message when the connection attempt has failed. Later on 
Ou II see how to deal more robustly with a failed connection.
^eri on^onnected() callback is invoked, now you can work with the location provider

■ Recall that at the beginning of this chapter you set permissions in the manifest file to 
ccess location information. Fine locations use GPS while coarse locations use celi towers 
bd WiFi hotspots. Using a fused location provider API means that your application isn’t 
Orrying about what is enabled or what permissions are set. The API calls are the same. You 
s ask for locations and you will get the best location information that is available at the time.

Is°r sample, we cali the getLastLocation() method. With luck, the location that is returned 
a Very current; however, be aware that the last location might be from minutes or hours 
oh? Location object can tell you, via the getTime() method, when this location fix was 
il a'necL You could check to see if it is new enough for your purposes before deciding to use 
Lor th$ technical|y Possible that getLastLocation() will return nuli so you should be prepared 

r bat case as well. This can happen if Location Seryices have been disabled in Settings.

IQ°U See soon how to get updates to locations. For now, the sample takes whatever the last 
the^'011 Was anc* creaLes a maP marker out of it for display to the user. You should recognize 

code to create a marker from the previous section of this chapter.



426 CHAPTER 19: Exploring Maps and Location-Based Seryices

How to Enable Location Services
You might think there’s a simple API to enable Location Sen/ices if they are not turned on 
when your application runs. Unfortunately, this is not the case. To get Location Sen/ices 
turned on, the user must do that from within the Settings screens of their device. Your 
application can make this a lot simpler for the user by launching that particular Settings 
screen. The location settings source screen is really just an activity, and this activity is set up 
to respond to an intent.

In the sample application just covered, you will see the codę from Listing 19-8 in the 
activity’s onCreate() callback.

Listing 19-8. Checking to See lf Location Sen/ices Are On

@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.activity_main);

if ((myMapFrag = (MyMapFragment) getSupportFragmentManager() 
.findFragmentByTag(MAPFRAGTAG)) == nuli) { 

myMapFrag = MyMapFragment.newlnstance();
getSupportFragmentManager().beginTransaction()

.add(R.id.Container, myMapFrag, MAPFRAGTAG).commit();
}

if(!isLocationEnabled(this)) {
U no location service providers are enabled
Toast.makeText(context, "Location Services appear to be turned off." +

" This app can't work without them. Please turn them on.", 
Toast.LENGTH_LONG).show();

startActivityForResult(new Intent( 
android.provider.Settings.ACTION_LOCATION_SOURCE_SETTINGS), 0);

} 
}

@SuppressWarnings("deprecation")
public boolean isLocationEnabled(Context context) {

int locationMode = Settings.Secure.LOCATION_MODE_OFF;
String locationProviders;

if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.KITKAT){ 
try {

locationMode = Settings.Secure.getlnt( 
context.getContentResolver(), 
Settings.Secure.L0CATI0N_M0DE);

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

}
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return locationMode != Settings.Secure.LOCATION_MODE_OFF; 
}else{

locationProviders = Settings.Secure.getString(
context.getContentResolver(),
Settings.Secure.LOCATION_PROVIDERS_ALLOWED);

return !TextUtils.isEmpty(locationProviders);

A change occurred in Android 19 (KitKat) where new settings values were added to the 
static Settings. Secure class. This madę it easier to tell if Location Services were turned on 
Or not, and which ones, but the user still needs to do the work to enable the sen/ices. There 
are two ways in this code to check for sen/ices: use one of the new values, or o a ge on 

available location providers. The first part of Listing 19-8 checks to see if the version 
of Android is KitKat or higher, and if so it looks for the value of the new Setting for location 
Tode. The second part of the code (if the version of Android is older than Kit a ) oes a 
9®t on the allowed location providers. If location modę is not off, or if there is at eas one 
°cation provider available, then Location Sen/ices are running. If not, this co e aunc es an 
^nt to the Location Settings screen. At that point, this activity would be pause wie e 

eftings activity runs. When the Settings activity is done, our activity will resume.
If you want to handle a response from the Settings activity (i.e., be notified when that 
activity is done and presumably a setting change has been madę), you must imp emen 
°nActivityResult() callback in your activity. And also keep in mind that althoug you op 

e user turns on location sen/ices, they may not. You will need to check agam o see i 
Lser has enabled location sen/ices and take appropriate action based on t e resu . e 
show you how to do all of this in a later section.

Location Proyiders
y°o’ve seen the FusedLocationApi, but you should also be aware of the older, alternate 
Ocation providers. The hardware is right there on the device for getting location Information, 
^nd the location providers will give it to your application. You’ll soon see how e 

usedLocationApi handles your location needs at a higher level than these provi ers. u 
you need to dig into the details, for example to check the status of the availab e 

afellites, you’ll be happy to know these providers exist. Google recommends tha everyone 
witch over to the FusedLocationApi; but sińce it relies on Google Play Sen/ices, t a means 
PPlications that use FusedLocationApi will not run on a non-Google Android device.

^he LocationManager sen/ice is a system-level sen/ice. System-level services are sen/ices 
at you obtain from the context using the sen/ice name; you don’t instantiate them direc y. 
e android.app.Activity class provides a utility method called getSystemService() a 

OL| can use to obtain a system-level sen/ice. You cali getSystemService() and pass in e 
arne of the sen/ice you want, in this case, Context.LOCATION_SERVICE. You II see this s o y 

ln L'sting 19-9.
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The LocationManager service provides geographical location details by using location 
providers. Currently, there are three types of location providers:

■ GPS providers use a Global Positioning System to obtain location 
information.

■ Network providers use cell-phone towers or WiFi networks to obtain 
location information.

■ The passive provider is like a location update sniffer, and it passes 
to your application location updates that are requested by other 
applications, without your application having to specifically request 
any location updates. Of course, if no one else is requesting location 
updates, you won’t get any either.

Similar to the FusedLocationApi, the LocationManager class can provide the device’s last 
known location, this time via the getLastKnownLocation() method. Location information 
is obtained from a provider, so the method takes as a parameter the name of the provider 
you want to use. Valid values for provider names are LocationManager.GPS_PROVIDER, 
LocationManager.NETWORK_PROVIDER, and LocationManager.PASSIVE_PROVIDER. Notę that 
there is no option for a fused provider, sińce that is a separate location-finding capability.

In order for your application to successfully get location information, it must have the 
appropriate permissions in the AndroidManifest.xml file, android.permission.ACCESS_ 
FINE_LOCATION is required for GPS and for passive providers, whereas android.permission- 
ACCESS_COARSE_LOCATION or android.permission.ACCESS_FINE_LOCATION can be used for 
network providers, depending on what you need. For instance, assume your application will 
use GPS or network data for location updates. Because you need ACCESS_FINE_LOCATION 
for GPS, you’ve also satisfied permissions for network access, so you do not need to also 
specify ACCESS_COARSE_LOCATION. If you’re only going to use the network provider, you could 
get by with only ACCESS_COARSE_LOCATION in the manifest file.
Calling getLastKnownLocation() returns an android.location. Location instance, or nuli if 
no location is available. The Location class provides the location’s latitude and longitude, 
the time the location was computed, and possibly the device’s altitude, speed, and bearing- 
A Location object can also tell you which provider it came from using getProvider(), which 
will be either GPS_PROVIDER or NETWORK_PROVIDER. If you’re getting location updates via the 
PASSIVE_PROVIDER, remember that you’re only really sniffing location updates, so all updates 
are ultimately from either GPS or the network.

Because the LocationManager operates on providers, the class provides 
providers. For example, you can get all of the known providers by calling
You can obtain a specific provider by calling getProvider(), passing the name of the 
provider as an argument (such as LocationManager.GPS_PROVIDER). One thing to watch out 
for is that getAllProviders() will return providers that you may not have access to or that 
are currently disabled. Fortunately, you are able to determine the status of providers using 
other methods, such as isProviderEnabled(String providerName) or getProviders(boolean 
enabledOnly), which you could cali with a value of true to get only providers you are able to 
use immediately.

APls to obtain getAllProviders()'
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There’s another way to get a suitable provider, and that is to use the getProviders(Criteria 
criteria, boolean enabledOnly) method of LocationManager. By specifying criteria for 
location updates, and by setting enabledOnly to true so you get providers that are enabled 
and ready to go, you can get a list of provider names returned to you without having to know 
the specifies of which provider you got. This could be more portable, because a device may 
have a custom LocationProvider that meets your needs without you having to know about it 
in advance. The Criteria object can be set with parameters that include accuracy level and 
the need for information about speed, bearing, altitude, cost, and power requirements. lf no 
Providers meet your criteria, a nuli list will be returned, allowing you to either bail out or relax 
the criteria and try again.

lending Location Updates to Your Application
^hen doing development testing, your application needs location information, and the 
emulator doesn’t have access to GPS or celi towers. In order for you to test your application 
'n the emulator, you can manually send location updates from Eclipse. Listing 19-9 shows a 
simple example to illustrate how to do this. We’re going to stick with the LocationManager 
aPproach here, and then show the FusedLocationApi approach later.

listing 19-g. Registering for Location Updates
Public class LocationUpdateDemoActivity extends Activity

LocationManager locMgr = nuli;
LocationListener locListener = nuli;

@0verride
Public void onCreate(Bundle saved!nstanceState)

super.onCreate(saved!nstanceState);

locMgr = (LocationManager)
getSystemService(Context.LOCATION_SERVICE);

locListener = new LocationListener() 
{

public void onLocationChanged(Location location) 
{

if (location != nuli) 
{

Toast.makeText(getBaseContext(), 
"New location latitude [" + 
location.getLatitude() + 
"] longitude [" + 
location.getLongitude()+"]", 
Toast.LENGTH_SHORT).show();

}
}
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public void onProviderDisabled(String provider) 
{
}

public void onProviderEnabled(String provider) 
{
}

public void onStatusChanged(String provider, 
int status, Bundle extras)

{
} };

@0verride
public void onResume() { 

super.onResume();

locMgr.requestLocationUpdates( 
LocationManager.GPS_PROVIDER, 
0, // minTime in ms
0, // minDistance in meters
locListener);

}

@0verride
public void onPause() {

super.onPause();
locMgr. removeUpdates(locListener);

}
}

We’re not displaying a user interface for this example, so the standard initial layout XML file 
will do, as well as a regular activity.

One of the primary uses of the LocationManager sen/ice is to receive notifications of the 
device’s location. Listing 19-9 demonstrates how you can register a listener to receive 
location-update events. To register a listener, you cali the requestLocationUpdates() 
method, passing the provider type as one of the parameters. When the location changes, 
the LocationManager calls the onLocationChanged() method of the listener with the new 
Location. It is very important that you remove any registrations for location updates at 
the appropriate time. In our example, we do registration in onResume(), and we remove 
that registration in onPause(). If we aren’t going to be around to do anything with location 
updates, we should tell the provider not to send them. There’s also the possibility that our 
activity could be destroyed (for example, if the user rotates their device and our activity is 
restarted), in which case our old activity could still exist, be receiving updates, displaying 
them with Toast, and taking up memory.

In our example, we set the minTime and minDistance to zero. This tells the LocationManager 
to send us updates as often as possible. These are not desired settings for your production 
application, or on real devices, but we use them here to make the demonstrations run better 
in the emulators. (In real life, you would not want the hardware trying to figure out our curren 
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Position so often, as this drains the battery.) Set these values appropriately for the situation, 
trying to minimize how often you truły need to be notified of a change in posi lon. oog e 
typically recommends values no smaller than 20 seconds.

Testing Location Applications with the Emulator
Let’s test this in the emulator, using the Dalvik Debug Monitor Sen/ice (DDMS) perspective 
that ships with the ADT plug-in for Eclipse. The DDMS Ul provides a screen for you to senc 
the emulator a new location (see Figure 19-6).

Cl LogCat Emulator Contrg^Explorer1 Q Heap | O- ResourceExplorgi B Le , „J

Telephony Status

i LSS j i i
Location Controls

Manuał gpx

i ©Dedmal 

C’Sexagesimal 

Longitude (3122.084095

Latitude [ 37.422006 

[send 1

F‘gure 19-6. Using the DDMS Ul in Eclipse to send location data to the emulator

J3 get to the DDMS in Eclipse, use Window > Open Perspective > DDMS. The Emulator 
ontrol view should already be there for you, but if not, use Window > Show View 

^ndroid > Emulator Control to make it visible in this perspective. You may need to scro 
^°wn in the emulator control to find the location Controls. As shown in Figure 19-6, the 
^anual tab in the DDMS user interface allows you to send a new GPS location (latitude/ 
Or|gitude pair) to the emulator. Sending a new location will fire the onLocationChanged() 
Method on the listener, which will result in a message to the user conveying the new location.
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You can send location data to the emulator using several other techniques, as shown in 
the DDMS user interface (see Figurę 19-6). For example, the DDMS interface allows you to 
submit a GPS Exchange Format (GPX) file or a Keyhole Markup Language (KML) file. You 
can obtain sample GPX files from these sites:

■ www.topografix.com/gpx_resources.asp
■ http://tramper.co.nz/?view=gpxFiles
■ www.gpsxchange.com/

Similarly, you can use the following KML resources to obtain or create KML files:

■ http://bbs.keyhole.com/
■ http://codę.google.com/apis/kml/documentation/kml_tut.html

Notę Some sites provide KMZ files. These are zipped KML files, so simply unzip them to get to the 
KML file. Some KML files need to have their XML namespace values altered in order to play properly 
in DDMS. If you have trouble with a particular KML file, make surę it has this:

<kml xmlns="http://earth.google.com/kml/2.x">.

You can upload a GPX or KML file to the emulator and set the speed at which the emulator 
will play back the file (see Figurę 19-7). The emulator will then send location updates to 
your application based on the configured speed. As Figurę 19-7 shows, a GPX file contains 
points, shown in the top part, and paths, shown in the bottom part. You can’t play a point, 
but when you click a point, it will be sent to the emulator. You click a path, and then the PlaY 
button will be enabled so you can play the points.

http://www.topografix.com/gpx_resources.asp
http://tramper.co.nz/?view=gpxFiles
http://www.gpsxchange.com/
http://bbs.keyhole.com/
http://cod%25c4%2599.google.com/apis/kml/documentation/kml_tut.html
http://earth.google.com/kml/2.x
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LogCat Q Emulator Control ELS O FileExplorer @ Heap O Resource Explorer Q Devices ,■ Search

I : Cali l | Hang Up |

Location Controls

Manuał GPX | KML ]

[LoadGPX... [

Name Longitude Latitude Eleva.. Description
BOG Inn 175.628950 -38.583083 BOG INN
CAMP 175.613867 -38.639850 02-5EP-00 05:45
LINKRD 175.645467 -38.536233 LINK RD TRACK
MANGTU 175.608250 -38.679400 MANGATU5TM
Pureora 175.628433 -38.551217 1165.0 PUREORA
Rata 175.612038 -38.675838 683.9 14-MAR-09 12:20:47PM
Safe Park 175.674942 -38.709010 543,0 13-MAR-09 8:37:30PM

Name Po,.. First Point Time Last Point Time Comment
MDay 1 1 387 | Mon Apr 13 03:31:2... 1 Mon Aor 1 3 06.25:1. ■ ■ ________ ■

Day 2 395 Mon Apr 13 16:33:3... Mon Apr 13 22:23:2...
Day 3 472 Tue Apr 14 15:13:2... Tue Apr 14 23:43:3...

^'gure 19-7, Uploading GPX and KML files to the emulator for playback

Notę There have been reports that not all GPX files are understandable by the emulator control. If 
you attempt to load a GPX file and nothing happens, try a different file from a different source.

Listing 19-9 includes some additional methods for LocationListener we haven’t 
Mentioned yet. They are the callbacks onProviderDisabled(), onProviderEnabled(), 
ar)d onStatusChanged(). For our sample, we did not do anything with these, but in your 
aPplication, you could be notified when a location provider, such as gps, is disabled or 
enabled by the user, or when a status changes with one of the location providers. Statuses 
'Pclude OUT_OF_SERVICE, TEMPORARILY_UNAVAILABLE, and AVAILABLE. Even if a provider is 
®nabled, it does not mean that it will be sending any location updates, and you can tell 
hat using statuses. Notę that onProviderDisabled() will be invoked immediately if a 

re9uestLocationUpdates() is called for a disabled provider.
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Sending Location Updates from the Emulator Console
Eclipse has some easy-to use-tools for sending location updates to your application, but 
there’s another way to do it. You could launch the emulator console, using the following 
command from a tools window:

telnet localhost emulator_port_number

where emulator_port_number is the number associated to the instance of the AVD that’s 
already running, displayed in the title bar of the emulator window. You may need to install 
telnet for your Workstation if ifs not already available. Once you’re connected, you can use 
the geo fix command to send in location updates. To send in latitude/longitude coordinates 
with altitude (altitude is optional), use this form of the command:

geo fix lon lat [ altitude ]

For example, the following command will send the location of Jacksonville, Florida to your 
application with an altitude of 120 meters.

geo fix -81.5625 30.334954 120

Please pay careful attention to the order of the arguments to the geo fix command. 
Longitude is the first argument, and latitude is the second.

What Can You Do with a Location?
As mentioned before, Locations can tell you the latitude and longitude, when the Location 
was computed, the provider that computed this Location, and optionally the altitude, 
speed, bearing, and accuracy leveL Depending on the provider where the Location came 
from, there could be extra information as well. For example, if the Location came from a 
GPS provider, there is an extras Bundle that will tell you how many satellites were used to 
compute the Location. The optional values may or may not be present, depending on the 
provider. To know if a Location has one of these values, the Location class provides a set ot 
has... () methods that return a boolean value, for example hasAccuracy(). Before relying 
the return value of getAccuracy(), it would be wise to cali hasAccuracy() first.

The Location class has some other useful methods, including a static method 
distanceBetween(), which will return the shortest distance between two Locations. Another 
distance-related method is distanceTo(), which will return the shortest distance between 
the current Location object and the Location object passed to the method. Notę that 
distances are in meters and that the distance calculations take into account the curvature o 
the Earth. But also be aware that the distances are not provided in terms of the distance y°u 
would have to go by car, for example.

If you want to get driving directions or driving distances, you will need to have your 
beginning and ending Locations, but to do the calculations, you will likely need to use the 
Google Directions API. The Directions API would allow your application to show how to get 
from your beginning to your ending location. This is another of the Google API client APls 
that you can enable for your application.
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Setting Up for Google Play Sen/ices Location Updates
Tou’ve seen how to get location updates with a LocationManager, but lets return to 
*he FusedLocationProviderApi to see how to get location updates from it. The sample 
Project for this section is FusedLocationApiUpdates. This one is a bit trickier because 
We are dealing with Google Play Services, an independent sen/ice running on the device. 
Therefore, you can’t always be surę that you have a valid client connection, and you need 
to be careful when requesting location updates. For this reason, your application will nee 
t° worry about state.

In the earlier sample program (WhereAml Location API), you checked to see if Location 
Services were turned on, but the codę assumed that Google Play Sen/ices were avai a e 
and ready. Now you’re going to see how to check for the existence of Google ay ervices 
and how the GooglePlaySen/icesUtil class can help you. The basie flow is to chec. eac 
dePendency for location updates to occur and, if there is a way to correct a problem, neip 
the user fix it. lf the user does not, or cannot, fix a problem, the application quits. lf t e user 
keePs fixing problems until everything is working, then location updates get requested, and 
the application displays location updates via Toast messages.

Listing 19-10 shows our main method for trying to connect. You will see inside this 
Tethod the same Location Sen/ices check from the earlier WhereAmlLocation samp 
aPplication. The tryToConnect() method will be called from the activity’s onResume() 
callback, so that every time this activity is resumed, a new client connection wi e 
established to Google Play Sen/ices. We do not want to assume that an old c len is 
and active.

^'ng 19-10. Checking for the Ability to Do Location Updates

Private void tryToConnect() {
// Check that Google Play services is available
int resultCode = GooglePlayServiceslltil

.isGooglePlayServicesAvailable(this);
// If Google Play sen/ices is available, then we're good
if (resultCode == ConnectionResult.SUCCESS) {

Log.d(TAG, "Google Play sen/ices is available.");
if(lisLocationEnabled(this)) {

if(lastFix == FIX.LOCATION_SETTINGS) {
// Since we're coming through again, it means
// recovery didn't happen. Time to bail out. 
Log.e(TAG, "Location settings didn't work"); 
finish();

}
else {

// no location service providers are enabled
Toast.makeText(this, "Location Sen/ices are off. „+ 

"Can't work without them. Please turn them on. , 
Toast.LENGTH_LONG).show();

Log.i(TAG, "Location Sen/ices need to be on. " + 
"Launching the Settings screen");

startActivityForResult(new Intent( 
android.provider.Settings 

.ACTION_LOCATION_SOURCE_SETTINGS),
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LOCATION_SETTINGS_REQUEST);
lastFix = FIX.LOCATION_SETTINGS;

}
}
else {

client.connect();
Log.v(TAG, "Connecting to GoogleApiClient...");

}
}
II Google Play sen/ices was not available for some reason
// See if the user can do something about it
else if(GooglePlayServiceslltil

.isllserRecoverableError(resultCode)) {
if(lastFix == FIX.PLAY_SERVICES) {

// Since we're coming through again, it means
II recovery didn't happen. Time to bail out.
Log.e(TAG, "Recovery doesn't seem to work");
finish();

}
else {

Log.d(TAG, "Google Play sen/ices may be available. " + 
"Asking user for help");

// This form of the dialog cali will result in either a
// callback to onActivityResult, or a dialog onCancel.
GooglePlaySen/iceslItil.showErrorDialogFragment (resultCode, 

this, PLAY_SERVICES_RECOVERY_REQUEST, this);
lastFix = FIX.PLAY_SERVICES;

}
} else {

// No hope left.
Log.e(TAG, "Google Play Sen/ices is/are not available." +

" No point in continuing");
finish();

}
}

The GooglePlayServicesUtil class has several static methods to help get everything set up 
for location updates. The first method is isGooglePlayServicesAvailable(), which requires 
a context. The result is an integer value which is either SUCCESS or one of several other 
values which could indicate for example that the services are missing, or the version is not 
appropriate. For most purposes, you don’t really need to care about the other values that are 
returned, as you’II see.
If Google Play Sen/ices are available, you will check for Location Sen/ices (as before) and 
if they are okay, you can invoke the connect() method on the GoogleApiClient client. The 
connect() cali is asynchronous and a separate callback will handle the results of the conne 
cali. As before, if Location Sen/ices are not turned on, you would launch the location setting 
activity so the user could turn them on. In this sample, we just use a Toast message to tell 
the user why they are being redirected to the Settings screen. In a production application, 
you would probably want to show an alert dialog with an OK and Cancel button before 
redirecting to the Settings screen.
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lf Google Play Sen/ices are not available, the next check is to see if the user could resolve 
the issue, using the isUserRecoverableError() method. Here you pass in the resu 
c°de from the earlier check, which should be something other than SUCCES . is is w y 
you don’t need to care what other value was returned. This method decides or you i 
the user can do something about it or not. If the user can’t correct the situation (i.e., 
tsUserRecoverableError() returns false), then there really isn t anything e se you can o 
and you will probably want to bail out. In this sample application a log message is wnt en 
and the activity ends. You might want to be more graceful in your exit.

't the user can do something about the problem with Google Play Sen/ices, 
the GooglePlaySen/icesUtil class has yet another static method you can use. 
sh°wErrorDialogFragment(). This will show a dialog to the user indicating w a P 
ls and what they can do about it. There are a few variations on this cali, an e J? |_n 
using the one which pops a dialog fragment while listening for a dialog c3™3® ■ ® 
fragrrient could launch another activity, which would result in our onActivi. y_ esu u 
heing called. For this reason, you want to pass in a request value 0-e-’ - -
RECOVERY_REQUEST), which will be passed to onActivityResult() later. This metP 
also asynchronous, and your application will see either onActivityResu () m 
or the onCancel() for the dialog. The second argument to showErrorDialogFragm O 
'a the context, and the last argument is the listener for the dialog. Because we P 
this1 as the last argument, to represent this activity, the sample activi y mus i p 
Dialoglnterface.OnCancelListener and have an onCancel() callback.
^°u’ll soon see the code for onActivityResult(), but you should know that wheni a result 
's Passed back to your activity, you’re going to have do these checks agam, y 
tryToConnect(). That is why this method sets a lastFix value, to keep rac 
Problem is being worked on. If the same problem exists after the user as is
lx it, we could assume that the user isn’t interested in fixing the prób em, or t
Próbie to f ix the problem. We do not want some sort of infinite loop tha e u 
hreak out of. For this sample activity, if tryToConnect() hits the same pro ® action ’ 
1 hails out and the activity is finished. Your application might want to a e a 
9'ving the user more options to continue to use the app.

recap what has happened in tryToConnect(), you checked forthe existence:and' 
of Google Play Sen/ices, as well as Location Sen/ices. If everything loo e goo , itabie
Ca|i was madę on the GoogleClientApi client. If the user was able to correc anyt 9> 
lntent was fired to launch an activity to take care of it. And if the situation was op ’ 
activity ended. Now lets look at the various callbacks that could result from ese

*he connection request was successful, the onConnected() callback will fire. Listing 19 11 
shows what this looks like.

^ting 19-11. Client Is Connected So Request Location Updates
®°verride
Poblic void onConnected(Bundle argO) {

11 Set up location updates
Log.v(TAG, "Connected!");
!astFix = FIX.NO_FAIL;
l°cator.requestLocationUpdates(client, locReq, this);

j Eog.v(TAG, "Requesting location updates (onConnected)... ); 
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This one is pretty straightforward. lf we got a good connection to Google Play Sen/ices, start
asking the FusedLocationProviderApi (locator) for location updates. You’ll see more about
locReq later, but for now just know that it is a LocationRequest object with parameters that
define what kinds of location updates your application wants. This method also resets a
state variable (lastFix) which will make more sense soon.

lf the connection request was not successful, the onConnectionFailed() callback will fire. 
Listing 19-12 shows this callback.

Listing 19-12. Handling a Failed ConnectionAttempt

@0verride
public void onConnectionFailed(ConnectionResult ConnectionResult) { 

/*
* Google Play sen/ices can resolve some errors it detects.
* If the error has a resolution, try sending an Intent to
* start a Google Play services activity that can resolve
* the error.
*/

if (ConnectionResult.hasResolution()) {
Log.i(TAG, "Connection failed, trying to resolve it...");
if(lastFix == FIX.CONNECTION) {

// Since we're coming through again, it means
// recovery didn't happen. Time to bail out.
Log.e(TAG, "Connection retry didn't work");
finish();

}
try {

II Start an activity that tries to resolve the error
lastFix = FIX.CONNECTION;
ConnectionResult.startResolutionForResult(

this,
CONNECTION_FAILURE_RESOLUTION_REQUEST);

} catch (IntentSender.SendIntentException e) {
U Log the error
Log.e(TAG, "Could not resolve connection failure");
e.printStackTrace();
finish();

}
} else {

/*
* If no resolution is available, display error to the
* user.
*/

Log.e(TAG, "Connection failed, no resolutions available, "+
GooglePlayServicesUtil.getErrorString(

ConnectionResult.getErrorCode() ));
Toast.makeText(this, "Connection failed. Cannot continue", 

Toast.LENGTH_LONG).show();
finish();
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the connection request has failed, it is still possible that the situation can be corrected. 
Once again there is a method that can tell if there is a way to resolve the problem. 
The ConnectionResult object contains both an indicator if there is a resolution, as well 
as the intent to fire to try to resolve the situation. In this case, the application calls 
startResolutionForResult(). Similar to before, an intent will be fired, some activity will be 
^unched, and your application will get a result back in onActivityResult(). Notice that here 
the request tag is CONNECTION_FAILURE_RESOLUTION_REQUEST. If nothing can be done, display 
an error and bail out.
There could have been several intents launched, each of which should cause your 
°nActivityResult() callback to fire. Listing 19-13 shows what this callback looks like. 
Remember that there could have been three separate intents fired to handle problems, 
s° this callback must expect any of the three. Also keep in mind that the intents caused 

activity to run, meaning your activity got paused, and it will resume right after the 
OriActivityResult() has fired. This is a major reason why the tryToConnect() method 
(shown in Listing 19-10) is only called from the activity's onResume() callback. Whenever this 
®ctivity is being resumed, it tries to make a new connection to Google Play Services and to 
$et up location updates. When this activity pauses, it disconnects from Google Play Services. 
t is easy to reconnect rather than trying to hang on to a connection while it is not needed.

^'ng 19-13. Getting News Back from the Launched Intents

®°verride
Protected void onActivityResult(

int requestCode, int resultCode, Intent data) {
/* Decide what to do based on the original request code.

* Notę that our activity got paused to launch the other 
* activity, so after this callback runs, our activity's 
* onResume() will run.
*/

switch (requestCode) {
case PLAY_SERVICES_RECOVERY_REQUEST :

Log.v(TAG, "Got a result for Play Services Recovery"); 
break;

case LOCATION_SETTINGS_REQUEST :
Log.v(TAG, "Got a result for Location Settings"); 
break;

case CONNECTION_FAILURE_RESOLUTION_REOUEST :
Log.v(TAG, "Got a result for connection failure"); 
break;

}
Log.v(TAG, "resultCode was " + resultCode);
Log.v(TAG, "End of onActivityResult");



440 CHAPTER 19: Exploring Maps and Location-Based Seryices

Since onActivityResult() could be called because of a number of intents, the switch 
statement is used to figure out which one is being responded to. The Google Play Sen/ices 
corrective action might say it was successful by setting the resultCode to Activity. 
RESULT_OK. This doesn’t necessarily mean that the user fixed the problem, but it tells you that 
nothing failed. lf the response to the Google Play Sen/ices corrective action is Activity. 
RESULT_CANCELED, it could mean there was some sort of failure. Regardless if the user fixed 
the problem or not, you’re going to return from this callback, and then onResume() will run, in 
which tryToConnect() will be called again. So it really doesn’t matter what resultCode is. In 
practice, even when a setting has been properly set for location updates to occur, you could 
see resultCode set to RESULT_CANCELED. Similarly, if there’s a response to the other fixes, log 
it and continue sińce onResume() will run next anyway.

Finally, refer back to the onConnected() callback in Listing 19-11, which calls 
locator.requestLocationllpdates(client, locReq, this). This is where the 
FusedLocationProviderApi will be asked to send location updates back to this activity. 
Google Play Sen/ices is up and running, and Location Sen/ices are set appropriately.

Once location updates have been requested, any new location updates will get sent to 
the onLocationChanged() callback. In this sample application, all that happens is that the 
location information is displayed in a Toast message. The next section goes into more detail 
on how to request location updates.
There are a few other methods in the activity that so far were not described. The onPauseO 
callback disconnects the client after stopping the location updates. You should notice that 
the client is checked for connectedness before calling methods. The GoogleApiClient 
class has a method called isConnected(), which you will use to be surę you request or 
remove location updates only when there’s a connected client. Otherwise, you will get an 
IllegalStateException. The two methods for setting up the menu are basie menu callback5' 
The menu is used to allow the user to switch between the various priority values. When the 
user selects a menu item, the location request object is updated and passed back in to alter 
the location update process. The onCancel() callback can be called from the pop-up error 
dialog that is shown in tryToConnect (see Listing 19-10). lf the user simply closes the error 
fragment dialog box, we infer that the user doesn’t want to get updates and the application 
exits.

Location Updates with FusedLocationProviderApi
With the LocationManager, you had to deal with the specific location providers (i.e., GPS 
or cell/WiFi). With the FusedLocationProviderApi, you submit a LocationRequest and the 
API will make choices for you of which provider would be the best, not only initially but 
over time as well. In generał, the trade-off when getting location updates is between power 
consumption and accuracy. GPS is usually more accurate but uses the most power. On 
the other hand, when indoors, GPS may be less accurate than cell/WiFi, and you’d want 
to automatically switch to be more accurate while consuming the least amount of power. 
The FusedLocationProviderApi could also take advantage of on-board sensors such as a 
gyroscope or compass. This API hides the complexities of location fixing from you.
You should write your codę so you’re requesting location updates only when it makes sen5® 
to do so. lf you are displaying the current location on a map, and the map is not visible, 
you do not need to reguest updates. There are cases when you might want to keep getting 
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uPdates even when not displaying the current position, and we’ll coverthat in the next 
section. The point is that location updates can be a big drain on the battery, so ask for them 
only when you really need them. You should not assume that the user is going to, be right 
back” and therefore keep getting updates. If they set their device down and won’t be looking 

it again for some time, you’d better not be draining the battery down.
Listing 19-14 shows how the sample application sets the LocationRequest object to make a 
iocation updates request ofthe FusedLocationProviderApi. This is done in the onCreate^ 
c9llback of the activity.

Listing 19-14. Setting Up a LocationRequest Object
l°cReq = LocationRequest.create()

.setPriority(
LocationRequest.PRIORITY_BALANCED_POWER_ACCURACY) 

.setInterval(10000)

.setFastestInterval(5000);

Lise the static create() method, then cali the appropriate setters to fili out the request 
°bject. This object will be passed to the requestLocationUpdates() method o e
Fu$edLocationProviderApi. A big difference from dealing with the older location provi er 
ls that this request object does not make any reference to a specific location provi er. 
Similar to the Criteria method of finding a provider, this request object ultimate y se ec s 
frequency of updates and the consumption of power.
^ou can specify the desired frequency of location updates using setlnterval() and 
^etFastestInterval(); both take a long argument representing the number o mi isec 

he former is saying that you want to get a location update on a regular basis, every s 
h^any milliseconds apart. The system will try to honor this if it is able to, but t ere are 
n° guarantees. You could get updates morę frequently than desired, even muc mor® 
requently. That is where the second method comes in. You can specify the fas es in e 
Or receiving location updates. Morę on this in a bit.

Yhe power portion of the request is handled by the setPriorityO setter. There are currently 
°Ur options for the argument:

■ PRIORITY_NO_POWER
■ PRIORITY_LOW_POWER
■ PRIORITY_BALANCED_POWER_ACCURACY
■ PRIORITY_HIGH_ACCURACY

Yhe NO_POWER option is pretty much saying that your application will be using the passive 
br°vider described earlier. The only way to not consume any power is to piggybac o o 
he location updates for another application. Therefore, the accuracy of the locations may 

hot be very accurate or frequent; it all depends on what other applications are reques ing. 
OL| just learned that you can request a frequency of updates using setlnterval() an 

SeLFastestInterval(). If you are piggybacking off of another application, and tha 
Application is receiving location updates every 5 seconds, but you don t want up a es as 

an every 20 seconds, you should use setFastestInterval(20000) so your app ica lon 
s not overwhelmed with updates. At the same time you could use setlnterval(6oooo; o 
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request a desired interval of one update every minutę. If there are few other location updates
happening on the device, you won’t have to worry about reducing the frequency from 5
seconds to 20 seconds apart, but at the same time you probably won’t get updates every
minutę either. You need to use both of these setters to indicate what your application wants,
but that doesn’t mean you are guaranteed to get what you want.

The LOW_POWER priority in generał means that location updates will be derived only via celi 
tower triangulation and WiFi hotspot location information. These are low-power ways of 
determining position, with a corresponding reduction in accuracy. You could easily find 
the locations to be accurate only to within 1,500 meters or worse, but then you could 
get a location thafs accurate to 10 meters. All of the priorities will take advantage of the 
passive provider, so if an accurate location update happens to be requested by some other 
application, your application could pick it up even when your priority is set to low power.

The BALANCED priority will try to do a decent job of trading off accuracy for less power. It will 
consider using all of the available methods of determining location, except for GPS.

The HIGH_ACCURACY priority will potentially use all available sources of location information, 
including GPS. Because of the GPS radio, this priority could consume a lot of battery.

Location updates also depend on the location modę of the device. As you saw earlier, the 
Location Settings changed in KitKat to allow the user to specify a modę of location updates 
for their device. Referring now to the Settings.Secure class, the location modę setting 
values are as follows:

■ L0CATI0N_M0DE_0FF

■ LOCATION_MODE_BATTERY_SAVING

■ LOCATION_MODE_HIGH_ACCURACY

■ LOCATION_MODE_SENSORS_ONLY

and the current value can be retrieved using the code from Listing 19-8. The modę is set by 
the user for the entire device, not by application. However, your application has an opportunity 
to request a priority to complement the modę choice madę by the user. If the device has a 
modę of HIGH_ACCURACY and your application chooses a priority of LOW_POWER, your application 
will not be the one draining the battery but could still get decent location updates.

The modę can work against you however. If the user chooses a modę of SENSORS_ONLY, 
and the priority is set to NO_POWER, LOW_POWER or even BALANCED, location updates will be 
rare, regardless of what you set in the location request with setlnterval(). The preferred 
modę for most useful location updates is HIGH_ACCURACY, because this modę will combine 
all possible sources of location information and provide the most accurate results. Your 
application will be able to get high accuracy when needed (hopefully this is a rare need) and 
good accuracy the rest of the time. Your application can alter the priority to HIGH_ACCURACY 
when needed, but BALANCED or LOW_POWER the other times.
Some other interesting options with a LocationRequest include setting a specific number of 
location updates to receive, or to specify a time limit when the location updates should stop’ 
You can also set a minimum distance (in meters) within which your application does not wan 
updates. This is a geofence of sorts, where you tell the location service that you only want 
a location update if the device moves a certain distance from its current location. That is in 
effect setting up a geofence circle around the current location. More on geofences later.
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Alternate Ways of Getting Location Updates
^ou’ve seen how to get location updates sent to your activity using the 
requestLocationUpdates() method ofthe LocationManager and the FusedLocationProviderApi. 
^here are actually several different signatures of this method, including ones that use a 
Pendinglntent. This gives you the ability to direct location updates to sen/ices or broadcast 
receivers. You can also direct location updates to other Looper threads instead of the main 
thread, giving you lots of flexibility for your application, although some of these methods have 
heen available only sińce Android 2.3.

Using Proximity Alerts and Geofencing
Geofencing is a popular requirement for a mobile application. It means that your application 
should alter its behavior depending on where it is located. A typical use case is to prevent 
the device from working when it is outside of a particular location. For example, a hospital 
aPplication could restrict access to patient data when it is not at the hospital. Or your 
aPplication might want to silence notifications when the device is at the workplace. 
t-ocationManager has a mechanism called proximity alerts, and there is a similar recent 
called GeofencingApi for the newer Location Sen/ices. We’ll briefly discuss the first, then 
aPdress the second in detail.

mentioned earlier that the LocationManager can notify you when the device enters a 
sPecified geographical location. The method to set this up is addProximityAlert() from e 
LocationManager class. Basically, you tell the LocationManager that you want an Intent to 
°e fired when the location of the device goes into, or leaves, a circle of a certain radius wi 
A center at a latitude/longitude position. The Intent can trigger a BroadcastReceiver or a 
$ervice to be called, or an Activity to be started. There is also an optional time limit place 
°n the alert, so it could time out before the Intent fires.
'cternally, the codę for this method registers listeners for both the GPS and network 
Providers and sets up location updates for once per second and a minDistance of 1 meter. 
Y°u don’t have any way to override this behavior or set parameters. Therefore, if you leave 
Mis running for a long time, you could end up draining the battery very ąuickly. lf the screen 
$°es to sleep, proximity alerts will only be checked once every four minutes, but again, 
^°P have no control over the time duration here. For these reasons, we have included 
A Pemonstration application called ProximityAlertDemo with the sample applications,

Pt we will not dive into the details. Instead, we will turn our attention to the Location 
eh/ices approach, with another sample application called GeofencingApi. Notę that the 

^eofencingApi sample application will look similar to the FusedLocationProviderApi sample 
Application sińce both share the GoogleClientApi mechanism for activation.

The GeofencingApi API

the time of this writing, a geofence is a circular region with a latitude/longitude center, 
P'ps some time parameters. At some point in the futurę, the region might not be circular 

Pt for now it is. Once a geofence has been built, it can be passed to the GeofenceApi for 
Monitoring. Your application can even go away and your geofence can be active. Along with 
A 9eofence, or set of geofences, your application will pass a Pendinglntent with an Intent to 

e tired when something interesting happens around a geofence. The three current events 
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are enter, exit and dwell. Enter and exit are simple to understand; the Intent will be fired
if the device goes into, or leaves, the circular region. The dwell event fires the Intent after
the device remains inside of the circular region for a period of time. This loitering delay is
specified in milliseconds. And that’s all there is to it.

See the sample application called GeofencingApiDemo. It sets up two geofences called 
home and work, connects to Location Sen/ices, and registers a sen/ice intent to be fired 
when the device enters, exits or dwells in either of these geofences. When triggered, 
the sen/ice generates a notification per event to make it easier for you to see the results. 
Geofences are often used in the background, so a sen/ice makes a lot of sense here. That is, 
an application shouldn’t need to be in the foreground to have geofences. In fact, the basie 
idea of a geofence is that you want your application to be wakened up if the device enters or 
leaves a specific geographic region.

The setup code used earlier to make surę that Google Play Sen/ices and Location Services 
are available and ready has been left out of this sample application to make it easier to 
follow along, but you would want to include that code in a production application.
Listing 19-15 shows the onCreate () method of the main activity, in which the geofences 
and the Pendingintent are created.

Listing 19-15. Setting Up Geofences
private GoogleApiClient mClient = nuli;
priyate List<Geofence> mGeofences = new ArrayList<Geofence>();
priyate Pendingintent plntent = nuli;

@0verride
protected void onCreate(Bundle sayedlnstanceState) {

super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);

finał float radius = 0.5f * 1609.Of; II half mile times 1609 meters per mile

Geofence.Builder gb = new Geofence.Builder(); 
// Make a half mile geofence around your home 
Geofence home = gb.setCircularRegion(28.993818, -81.383816, radius) 

.setTransitionTypes(
Geofence.GEOFENCE_TRANSITION_ENTER | 
Geofence.GEOFENCE_TRANSITION_EXIT | 
Geofence.GEOFENCE_TRANSITION_DWELL ) 

.setExpirationDuration(
12 * 60 * 60 * 1000) II 12 hours 

.setLoiteringDelay(300000) II 5 minutes 

.setRequest!d("home")

.setNotificationResponsiveness(5000) II 5 secs 

.build();
mGeofences.add(home);

II Make another geofence around your work
Geofence work = gb.setCircularRegion(28.36631, -81.52120, radius)

.setRequestId("work")

.build();
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mGeofences.add(work);
Intent intent = new Intent(this, ReceiveTransitionsIntentService.class);

plntent = Pendinglntent.getService(getApplicationContext(), O, intent, 
Pendinglntent.FLAG_UPDATE_CURRENT);

mClient = new GoogleApiClient.Builder(this, this, this)
.addApi(LocationServices.API)
.build();

}
Log.v(TAG, "Activity, client are created");

S$e how the geofence is created as a circle around a lat/lon, with the events of interest (in 
this case all of them) and some time parameters. In this sample, the geofences will be active 
Or 12 hours, or until they are removed (see onDestroyO). It’s also possible to set geofences 
0 never expire. The loitering delay of 5 minutes means that the dwell event will fire if the 

device stays inside the geofence for at least 5 minutes. The request ID will be passed back 
to your application with the Intent so you can identify which geofence the Intent is for. The 
potification responsiveness of 5 seconds means that the GeofencingApi will try to send t e 
btent within 5 seconds of when the event happens. However, there are no guarantees that 
he Intent will be that quick. The larger this value, the better it is on battery life, sińce the A 

could sleep more and check things less often. On the other hand, if this value is very long, 
°r example several minutes, it is possible you might even miss an event if the device passes 
nrough your geofence quickly. The choice of notification responsiveness will depend on 

big your geofences are and how you want your application to behave.
Similar to the previous sample application, a connection is attempted from onResume(), and 
isting 19-16 shows what runs when the connection is successful.

^ting 19-16. Registering Geofences with the API
^°verride
^blic void onConnected(Bundle argO) {

// Set up geofences
Log.v(TAG, "Setting up geofences (onConnected)...");
pendingResult<Status> pResult = mFencer.addGeofences(mClient, 

mGeofences, plntent);
j pResult.setResultCallback(this); // ResultCallback<Status> interface 

^erride
Public void onResult(Status status) {

Log.v(TAG, "Got a result from addGeofences(" 
+ status.getStatusCode() + "): "

i + status.getStatus().getStatusMessage());

e GeofencingApi gets passed the API client handle, the list of geofences, and the 
er>dingintent. The return is a PendingResult. If you want to find out if the result is ultima e y 
Gccessful or not, you need to set a callback receiver using setResultCallback(). This



446 CHAPTER 19: Exploring Maps and Location-Based Services

actiyity has implemented the ResultCallback<Status> interface, so the onResult() callback
will be invoked with the results of the addGeofences() method cali. For this sample, the
result is simply logged, but of course you would want to take steps if the result was not
successful. Thafs all that the activity does. Next up is the sen/ice that receives an Intent
when an interesting event occurs.

Listing 19-17 shows the interesting callbacks and methods of the 
ReceiveTransitionsIntentService, an IntentService for this application. It basically 
reports out the information received, whether that is an error or a geofence event. Events 
are displayed using notifications. This is for your safety sińce the expectation is that you will 
start this application at home and drive to work. We do not want you having to watch the 
device’s screen during the trip. Instead, you will be able to review all of the notifications from 
each event when you are safely stopped.

Listing 19-17. Receiving Intents from the GeofencingApi

public void onCreate() {
super.onCreate();
notificationMgr = (NotificationManager)getSystemService( 

NOTIFICATION_SERVICE);
} 

@0verride
protected void onHandle!ntent(Intent intent) {

GeofencingEvent gfEvent = GeofencingEvent.fromIntent(intent);
// First check for errors
if (gfEvent.hasError()) {

U Get the error codę with a static method 
int errorCode = gfEvent.getErrorCode();
// Log the error
Log.e(TAG, "Location Services error: " + 

Integer.toString(errorCode));
/*
* If there's no error, get the transition type and the IDs
* of the geofence or geofences that triggered the transition
*/

} else {
II Get the type of transition (entry or exit)
int transitionType =

gfEvent.getGeofenceTransition();
String tranTypeStr = "UNKNOWN(" + transitionType + ")";
switch(transitionType) {
case Geofence.GEOFENCE_TRANSITION_ENTER: 

tranTypeStr = "ENTER";
break;

case Geofence.GEOFENCE_TRANSITION_EXIT:
tranTypeStr = "EXIT";
break;

case Geofence.GEOFENCE_TRANSITION_DWELL: 
tranTypeStr = "DWELL";
break;

}
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Log.v(TAG, "transitionType reported: " + tranTypeStr);
Location triggerLoc = gfEvent.getTriggeringLocation();
Log.v(TAG, "triggering location is " + triggerLoc);

List <Geofence> triggerList =
gfEvent.getTriggeringGeofences();

String[] triggerlds = new String[triggerList.size()];

for (int i = 0; i < triggerlds.length; i++) {
// Grab the Id of each geofence
triggerlds[i] = triggerList.get(i).getRequestId();
String msg = tranTypeStr + " + triggerLoc.getLatitude() +

", " + triggerLoc.getLongitude();
String title = triggerlds[i];
displayNotificationMessage(title, msg);

Private void displayNotificationMessage(String title, String message)

int notif_id = (int) (System.currentTimeMillis() & OxFFL);

Notification notification = new NotificationCompat.Builder(this)
•setContentTitle(title)
•setContentText(message)
•setSmalllcon(android.R.drawable.ic_menu_compass)
•setOngoing(false)
•build();

notificationMgr.notify(notif_id, notification);

hen you replace the latitude and longitude of home and work in this application, you run 
’ °n a real device, and you then move the device, you will see notifications such as t ose in 
b|9ure 19-8.
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48 SUN, JANUARY 11 JT

K home 6:45 PM
DWELL: 28.99381816666666, -81.3838164..

home 6:40 pm

ENTER: 28.99381816666666, -81.3838164..

Figure 19-8. Notifications from GeofencingApi events

The first event occurred at 6:40 pm and happened because the device was already inside 
the home region when the app was started. The second event at 6:45 pm is a dwell event 
because the device is still within the home region after the loitering delay of 5 minutes. Had 
the device left the home region before the screenshot was captured, there would have been 
an exit event from home. Notę that the latitude and longitude in the notification are the 
actual location of the device and not necessarily the center of the region.

References
Here are helpful references you may wish to explore further.

■ . A list of downloadable 
projects related to this book. For this chapter, look for a zip file called 
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https://developer.android.com/guide/topics/location/index.html
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Summary
Let’s conclude this chapter by quickly enumerating what you have learned about maps 
so far:

■ How to get your own Maps API key from Google.

■ MapFragment, the main component for all maps.
■ The modifications you need to make to your AndroidMani-fest.xml file to 

get a maps application to work.
■ Defining a layout to contain a map, and how to instantiate a map.

■ Zooming in and out, panning and showing the current location.

■ Including different modes such as satellite and traffic.

■ How map tiles are used to render maps.

■ Adding markers to your maps.
■ Map cameras and methods to set a zoom level that accommodates a 

specific set of markers.
■ The Geocoder, and how it converts from address to latitude/longitude, 

or from latitude/longitude to addresses and places of interes .

■ Putting the Geocoder into a background thread to avoid nasty 
Application Not Responding (ANR) pop-ups.

■ The LocationServices sen/ice, which uses GPS and/or network towers 
to pinpoint the location of the device.

■ Selecting a location provider, and what to do if the desired location 
sen/ice or provider is not enabled.

■ Using the emulator’s features to send location events to your application 
for testing. This includes using special files that record entire series o 
location events.

■ Using methods of the Location class to, for example, calculate 
distances between points.

■ How to do all of the checks and corrective actions to set up Google Play 
Sen/ices for Location Updates.

■ Alerting on proximity—that is, setting up a proximity and being alerted 
when the device enters or leaves that proximity.

■ Setting up geofences to act on enter, exit, and dwell events for one or 
more regions while consen/ing battery life.



Understanding the Media
Frameworks

Chapter

Now we are going to explore a very interesting part of the Android SDK: the media 
rameworks. We will show you how to play audio and video from a variety of sources. We II 

also cover in the online companion section how to take photos with the camera and record 
aUdio and video.

Using the Media APls
Android supports playing audio and video content under the android.media package. In this 
c^apter, we are going to explore the media APls from this package.

the heart of the android.media package is the android.media.MediaPlayer class. The 
adiaPlayer class is responsible for playing both audio and video content. The content for 

class can come from the following sources:

■ Web: You can play content from the Web via a URL.
■ .apk file: You can play content that is packaged as part of your .apk file. 

You can package the media content as a resource or as an asset (within 
the assets folder).

■ The Storage Access Framework, new to Android KitKat 4.4, which 
provides access to media files stored across a rangę of providers and 
internet services.

■ SD card: You can play content that resides on the device’s SD card or
emulated local storage.

MediaPlayer is capable of decoding quite a few different content formats, including 3rd 
eheration Partnership Project (3GPP, .3gp), MP3 (.mp3), MIDI (.mid and others), Ogg Vorbis 
’°8g), PCM/WAVE (.wav), and MPEG-4 (.mp4). RTSP, HTTP/HTTPS live streaming, and M3U
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playlists are also supported, although playlists that include URLs are not, at least as of this
writing. For a complete listof supported media formats, go to http://developer.android.com/
guide/appendix/media-formats.html.

Whither SD Cards?
Before we dive in to the heart of the media frameworks, we should quickly address the topie 
of removable storage, and SD Cards in particular. Recent trends in Android devices have 
seen some manufacturers drop them from devices, while others continue to include them. 
Google itself has blurred the lines of what is and isn’t removal storage by obfuscating the 
low-level file systems in Android.

Regardless of your personal preference as a developer, some of your users will likely still 
have devices that support SD Cards and want to use them. Many of the examples we’ll 
cover here are equally applicable to sourcing media files from SD Cards. However, to save 
space, and spare you unneeded repetition, we’ve placed some extra examples that go into 
SD Card details and supporting materiał on the book’s website. Be surę to check it out at 
www.androidbook.com.

Playing Media
To get started, we’ll show you how to build a simple application that plays an MP3 
file located on the Web (see Figurę 20-1). After that, we will talk about using the 
setDataSource() method of the MediaPlayer class to play content from the .apk file. 
MediaPlayer isn’t the only way to play audio, though, so we’ll also cover the SoundPool 
class, as well as JetPlayer, AsyncPlayer, and, for the lowest level of working with audio, 
AudioTrack class. After that, we will discuss some of the shortfalls of the MediaPlayer class- 
Finally, we’ll see how to play video content.

Figurę 20-1. The user interface for the media application

http://developer.android.com/
http://www.androidbook.com
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Playing Audio Content
Figure 20-1 shows the user interface for our first example. This application will demonstrate 
some of the fundamental uses of the MediaPlayer class, such as sta ing, pausing, 
restarting, and stopping the media file. Look at the layout for the app ica io

The user interface consists of a RelativeLayout with four buttons.onei to ® P^ave
°he to pause the player, one to restart the player, and one to stop e p y ■
Tade this easy and just coupled our example with a MediaContro er_ gi |f
the same thing, but we want to show you the inner workings of eon g 9 y 
The codę and layout file for the application are shown in Listing - - e 
assume you’re building against Android 2.2 or later for this examp e, 
the getExternalStoragePublicDirectory() method of the Environmen eDirect q 
build this against an older version of Android, simply use getEx ern g 
'nstead and adjust where you put the media files so your applica lon wi

Notę See the “References” section at the end of this chapter for the URL from which you ca 
import these projects into Eclipse directly, instead of copying and pasting codę.

listing 20-1. The Layout and Codę for the Media Application
^elatiyeLayout xmlns:android="http://schemas.android.com/apk/res/android 

xmlns:tools="http://schemas.android.com/tools" 
android:layout_width="match_parent" 
android:layout_height="match_parent" 
tools:context=“.MainActivity" 
android:orientation="vertical" >

<Button android:id="@+id/startPlayerBtn"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="Śtart Playing Audio"
android:onClick="doClick" />

<8utton android:id="@+id/pausePlayerBtn"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="Pause Player"
android:layout_below="@+id/startPlayerBtn"
android:onClick="doClick" />

button android:id="@+id/restartPlayerBtn"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="Restart Player"
android:layout_below="@+id/pausePlayerBtn"
android:onClick="doClick" />

http://schemas.android.com/apk/res/android
http://schemas.android.com/tools
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<Button android:id="@+id/stopPlayerBtn" 
android:layout_width="match_parent“ 
android:layout_height="wrap_content" 
android:text="Stop Player"
android:layout_below="@+id/restartPlayerBtn"
android:onClick="doClick" />

</RelativeLayout>

U This file is MainActivity.java
import android.app.Activity;
import android.content.res.AssetFileDescriptor;
import android.media.AudioManager;
import android.media.MediaPlayer;
import android.media.MediaPlayer.OnPreparedListener;
import android.os.Bundle;
import android.os.Environment;
import android.util.Log;
import android.view.View;

public class MainActivity extends Activity implements OnPreparedListener 
{

static finał String AUDIO_PATH =
"http://www.androidbook.com/akc/filestorage/android/documentfiles/3389/play.mp3"i

private MediaPlayer mediaPlayer;
private int playbackPosition=0;

/** Called when the activity is first created. */
@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

}

public void doClick(View view) { 
switch(view.getld()) { 
case R.id.startPlayerBtn:

try {
// Only have one of these play methods uncommented 

playAudio(AUDIO_PATH);
II playLocalAudio();
// playLocalAudio_UsingDescriptor();

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

} 
break;

case R.id.pausePlayerBtn:
if(mediaPlayer != nuli && mediaPlayer.isPlayingO) { 

playbackPosition = mediaPlayer.getCurrentPosition(); 
mediaPlayer.pause();

} 
break;

http://www.androidbook.com/akc/filestorage/android/documentfiles/3389/play.mp3%2522i
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case R.id.restartPlayerBtn:
if(mediaPlayer != nuli && ! mediaPlayer. isPlayingO) { 

mediaPlayer.seekTo(playbackPosition);
mediaPlayer.start();

}
break;

case R.id.stopPlayerBtn:
if(mediaPlayer != nuli) { 

mediaPlayer.stop(); 
playbackPosition = 0;

}
break;

private void playAudio(String url) throws Exception

killMediaPlayer();

mediaPlayer = new MediaPlayer();
mediaPlayer.setAudioStreamType(AudioManager.STREAM_MUSIC),
mediaPlayer.setDataSource(url);
mediaPlayer.setOnPreparedListener(this);
mediaPlayer.prepareAsync();

Private void playLocalAudio() throws Exception

mediaPlayer = MediaPlayer.create(this, R.raw.music_file), 
mediaPlayer.setAudioStreamType(AudioManager.STREAM_MUSIC), 
II calling prepare() is not required in this case 
mediaPlayer.start();

Private void playLocalAudio_UsingDescriptor() throws Exception {

AssetFileDescriptor fileDesc = getResources().openRawResourceFd( 
R.raw.music_file);

if (fileDesc != nuli) {

mediaPlayer = new MediaPlayer();
mediaPlayer.setAudioStreamType(AudioManager.STREAM_MUSIC),
mediaPlayer.setDataSource(fileDesc.getFileDescriptor(), 

fileDesc.getStartOffset(), fileDesc.getLength()),

fileDesc.close();

mediaPlayer.prepare();
mediaPlayer.start();
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II This is called when the MediaPlayer is ready to start 
public void onPrepared(MediaPlayer mp) {

mp.start();
}

@0verride
protected void onDestroyO {

super. onDestroyO;
killMediaPlayer();

}

private void killMediaPlayer() {
if(mediaPlayer!=null) {

try {
mediaPlayer.release();

}
catch(Exception e) { 

e.printStackTrace();
}

}
}

In this first scenario, you are playing an MP3 file from a web address. Therefore, you will 
need to add android. permission. INTERNET to your manifest file. Listing 20-1 shows that 
the MainActivity class contains three members: a finał string that points to the URL 
of the MP3 file, a MediaPlayer instance, and an integer member called playbackPosition. 
Our onCreate() method just sets up the user interface from our layout XML file. In the 
button-click handler, when the Start Playing Audio button is pressed, the playAudio() 
method is called. In the playAudio() method, a new instance of the MediaPlayer is created, 
and the data source of the player is set to the URL of the MP3 file.

The prepareAsync() method of the player is then called to prepare the MediaPlayer for 
playback. We’re in the main Ul thread of our activity, so we don’t want to take too long to 
prepare the MediaPlayer. There is a prepare() method on MediaPlayer, but it blocks until 
the prepare is complete. If this takes a long time, or if the server takes a while to respond, 
the user could think the application is stuck or, worse, get an error message. Things like 
progress dialogs can help your user understand what is happening. The prepareAsync() 
method returns immediately but sets up a background thread to handle the prepare() 
method of the MediaPlayer. When the preparation is complete, our activity’s onPreparedO 
callback is called. This is where we ultimately start the MediaPlayer playing. We have to 
tell the MediaPlayer who the listener is for the onPrepared() callback, which is why we cali 
setOnPreparedListener() just before the cali to prepareAsync(). You don’t have to use the 
current activity as the listener; we do here because ifs simpler for this demonstration.

Now look at the code for the Pause Player and Restart Player buttons. You can see that 
when the Pause Player button is selected, you get the current position of the player by 
calling getCurrentPosition(). You then pause the player by calling pause(). When the 
player has to be restarted, you cali seekTo(), passing in the position obtained earlier from 
getCurrentPosition(), and then cali start().
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he MediaPlayer class also contains a stop() method. Notę that if you stop the player by
calling stop(), y°u need to prepare the MediaPlayer again before calling start() again.
Conversely, if you cali pause(), you can cali start() again without having to prepare the
Player. Also, be surę to cali the release() method of the media player once you are done
Using it. in this example, you do this as part of the killMediaPlayer() method.
There is a second URL in the sample application source code for an audio source, but 

is not an MP3 file, ifs a streaming audio feed (Radio-Mozart). This also works with the 
MediaPlayer and shows again why you need to cali prepareAsync() instead of prepare().

Sparing an audio stream for playback can take a while, depending on the server, network 
traffic, and so on.

Listing 20-1 shows you how to play an audio file located on the Web. The MediaPlayer class 
als° supports playing media local to your .apk file. Listing 20-2 shows how to reference 
$nd play back a file from the /res/raw folder of your .apk file. Go ahead and add the raw 
'°ider under /res if ifs not already there in the Eclipse project. Then, copy the MP3 file of 
your choice into /res/raw with the file name music_file.mp3. Notę also the comment in 
he original code to uncomment the desired cali to playLocalAudio(), and commentmg ou 

PiayAudioO.

listing 20-2. Using the MediaPlayer to Play Back a File Local to the Application

Private void playLocalAudio()throws Exception

mediaPlayer = MediaPlayer.create(this, R.raw.music_file);
mediaPlayer.setAudioStreamType(AudioManager.STREAM_MUSIC);
// calling prepare() is not required in this case 
mediaPlayer.start();

you need to include an audio or video file with your application, you should place e 
1 e in the /res/raw folder. You can then get a MediaPlayer instance for the resource y 

Passing in the resource ID of the media file. You do this by calling the static create 
^ethod, as shown in Listing 20-2. Notę that the MediaPlayer class provides a few other 
s afc create() methods that you can use to get a MediaPlayer rather than instantiating 
°ne yourself. In Listing 20-2, the create() method is equivalent to calling the constructor 
ediaPlayer(Context context,int resourceld) followed by a cali to prepare(). ou s ou 

the create () method only when the media source is local to the device, because i
ways uses prepare() and not prepareAsync().

Understanding the setDataSource Method
lp Listing 20-2, we called the create() method to load the audio file from a raw resource. 

ith this approach, you don’t need to cali setDataSource(). Alternatively, if you instantia e 
e MediaPlayer yourself using the default constructor, or if your media content is not 

accessible through a resource ID or a URI, you’ll need to cali setDataSource().

setDataSource() method has overloaded versions that you can use to customize the 
ata source for your specific needs. For example, Listing 20-3 shows how you can load an 
Uc*io file from a raw resource using a FileDescriptor.
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Listing 20-3. Setting the MediaPlayer’s Data Source using a FileDescriptor 
priyate void playLocalAudio_UsingDescriptor() throws Exception {

AssetFileDescriptor fileDesc = getResources().openRawResourceFd( 
R.raw.music_file);

if (fileDesc != nuli) {

mediaPlayer = new MediaPlayer();
mediaPlayer.setAudioStreamType(AudioManager.STREAM_MUSIC);
mediaPlayer.setDataSource(fileDesc.getFileDescriptor(), 

fileDesc.getStartOffset(), fileDesc.getLength());

fileDesc.close();

mediaPlayer.prepare();
mediaPlayer.start();

Listing 20-3 assumes that ifs within the context of an activity. As shown, you cali 
the getResources() method to get the application’s resources and then use the 
openRawResourceFd() method to get a file descriptor for an audio file within the /res/ 
raw folder. You then cali the setDataSource() method using the AssetFileDescriptor, 
the starting position to begin playback, and the ending position. You can also use 
this version of setDataSource() if you want to play back a specific portion of an 
audio file, lf you always want to play the entire file, you can cali the simpler version of 
setDataSource(FileDescriptor desc), which does not require the initial offset and length- 
In this case, we chose to use prepare() followed by start(), only to show you what it mig^ 
look like. We should be able to get away with it because the audio resource is local, but it 
won’t hurt to use prepareAsync() as before.

We have one more source for audio content to talk about: the SD card. Refer to the online 
companion chapter for the basics on dealing with the SD card and its file system contents. 
In our example, we used setDataSource() to access content on the Internet by passing in 
a URL for an MP3 file, lf you’ve got an audio file on your SD card, you can use the same 
setDataSource() method but instead pass it the path to your audio file on the SD card. 
For example, a file called music_file.mp3 in the Musie directory can be played with the 
AUDIO_PATH yariable set like so:

static finał String AUDIO_PATH =
Enyironment.getExternalStoragePublicDirectory(

Enyironment.DIRECTORY_MUSIC) + 
"/music_file.mp3";

You may have noticed that we did not implement onResume() and onPause() in our example’ 
This means that when our actiyity goes into the background, it continues to play audio—at 
least, until the actiyity is killed, or until access to the audio source is turned off. For examp|e’ 
if we do not hołd a wake lock, the CPU could be shut down, thus ending the playing of , 
musie. Many people choose to manage media playback in a seryice to aid in working arouf 



CHAPTER 20: Understanding the Media Frameworks 459

these issues. In our current example, additional issues include if MediaPlayer is playing an 
audio stream over Wi-Fi, and if our activity does not obtain a lock on Wi-Fi, Wi-Fi could be 
turned off, and we’11 lose our connection to the stream. MediaPlayer has a method called 
setWakeMode() that allows us to set a PARTIAL_WAKE_LOCK to keep the CPU alive while 
Playing. However, in order to lock Wi-Fi, we need to do that separately through Wi iManager 
and WifiManager.WifiLock.
The other aspect of continuing to play audio in the background is that we need to know 
when not to do so, perhaps because there’s an incoming phone cali, or because an aJarm 
's going off. Android has an AudioManager to help with this. The methods to ca Inę u e 
requestAudioFocus() and abandonAudioFocus(), and there’s a callback met o ca e 
°nAudioFocusChange() in the interface AudioManager.OnAudioFocusChangeLis ener. ormore 
'hformation, see the Media page in the Android Developer’s Guide.

Using SoundPool for Simultaneous Track Playing
The MediaPlayer is an essential tool in our media toolbox, but it only handles one audio or 
video file at a time. What if we want to play morę than one audio track simu aneous y.

is to create multiple MediaPlayers and work with them at the same time. y°u 0 y 
have a smali amount of audio to play, and you want snappy performance, n roi a 
SoundPool class to help you. Behind the scenes, SoundPool uses MediaPlayer, u we 
9et access to the MediaPlayer API, just the SoundPool API.
One of the other differences between MediaPlayer and SoundPool is that SoundPool is 
^esigned to work with local media files only. That is, you can load audio from resour^ 
"es elsewhere using file descriptors, or files using a pathname. There are severa o e 
n'ce features that SoundPool provides, such as the ability to loop an audio trać , paus 
resume individual audio tracks, or pause and resume all audio tracks.
There are some downsides to SoundPool, though. There is an overall audio buffer size in 
Memory for all the tracks that SoundPool will manage of only 1 MB. This mig seem arg 
when you look at MP3 files that are only a few kilobytes in size. But SoundPoo expan 
sudio in memory to make the playback fast and easy. The size of an audio fi e in mem ry 

ePends on the bit rate, number of channels (stereo versus mono), sample ra e, an eg 
°f the audio. If you have trouble getting your sounds loaded into SoundPool, you cou ty 
P'aying with these parameters of your source audio file to make the audio sma er in me 
$Ur example application will load and play animal sounds. One of the sounds is of crickets 
^d it plays constantly in the background. The other sounds play at different interya s o 
lrr|e. Sometimes all you hear are crickets; other times you will hear several amma s a a 

time. We’ll also put a button in the user interface to allow for pausing and resummg.
Ishng 20-4 shows our layout XML file and the Java code of our activity. Your bes e is 

o download this from our web site, in order to get the sound files as well as the co e. e 
6 “References” section at the end of this chapter for information on how to locate e 
°wnloadable source code.
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Listing 20-4. Playing Audio with SoundPool
<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent" android:layout_height="fill_parent" 
>

cToggleButton android:id="@+id/button"
android:textOn="Pause" android:textOff="Resume"
android:layout_width="wrap_content" android:layout_height="wrap_content"
android:onClick="doClick" android:checked="true" />

</LinearLayout>

II This file is MainActivity.java
import java.io.IOException;
import android.app.Activity;
import android.content.Context;
import android.content.res.AssetFileDescriptor;
import android.media.AudioManager;
import android.media.SoundPool;
import android.os.Bundle;
import android.os.Handler;
import android.util.Log;
import android.view.View;
import android.widget.ToggleButton;

public class MainActivity extends Activity implements SoundPool.OnLoadCompleteListener {
private static finał int SRC_QUALITY = 0;
private static finał int PRIORITY = 1;
private SoundPool SoundPool = nuli;
private AudioManager aMgr;

private int sid_background;
private int sid_roar;
private int sid_bark;
private int sid_chimp;
private int sid_rooster;

@0verride
public void onCreate(Bundle savedInstanceState) {

super.onCreate(savedInstanceState);
setContentView(R.layout.main);

}

@0verride
protected void onResume() {

SoundPool = new SoundPool(5, AudioManager.STREAM_MUSIC,
SRC_QUALITY);

SoundPool.setOnLoadCompleteListener(this);

aMgr =
(AudioManager)this.getSystemService(Context.AUDIO_SERVICE);

http://schemas.android.com/apk/res/android
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sid_background = soundPool.load(this, R.raw.crickets, PRIORITY);

sid_chimp = soundPool.load(this, R.raw.chimp, PRIORITY); 
sid_rooster = soundPool.load(this, R.raw.rooster, PRIORITY); 
sid_roar = soundPool.load(this, R.raw.roar, PRIORITY);

try {
AssetFileDescriptor afd =

this.getAssets().openFd(“dogbark.mp3");
sid_bark = soundPool.load(afd.getFileDescriptor(),

O, afd.getLength(), PRIORITY); 
afd.close();

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

//sid_bark = soundPool.load("/mnt/sdcard/dogbark.mp3", PRIORITY),

super.onResume();
}

public void doClick(View view) { 
switch(view.getld()) { 
case R.id.button:

if(((ToggleButton)view).isChecked()) { 
soundPool.autoResume();

}
else {

soundPool.autoPause();
} 
break;

)
}

OOyerride
protected void onPause() { 

soundPool.release(); 
soundPool = nuli;
super.onPause();

@0verride
Public void onLoadComplete(SoundPool sPool, int sid, int status) { 

Log.v("soundPool", "sid " + sid + " loaded with status " + 
status);

finał float currentVolume = 
((float)aMgr.getStreamVolume(AudioManager.STREAM_MUSIC)) / 
((float)aMgr.getStreamMaxVolume(AudioManager.STREAM_MUSIC));
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if(status != 0)
return;

if(sid == sid_background) {
if(sPool.play(sid, currentYolume, currentYolume, 

PRIORITY, -1, l.Of) == 0)
Log.v("soundPool", "Failed to start sound");

} else if(sid == sid_chimp) {
queueSound(sid, 5000, currentVolume);

} else if(sid == sid_rooster) {
queueSound(sid, 6000, currentVolume);

} else if(sid == sid_roar) {
queueSound(sid, 12000, currentYolume);

} else if(sid == sid_bark) {
queueSound(sid, 7000, currentYolume);

}

private void queueSound(final int sid, finał long delay, 
finał float volume)

{
new Handler().postDelayed(new Runnable() { 

@0verride 
public void run() { 

if(soundPool == nuli) return;
if(soundPool.play(sid, volume, volume,

PRIORITY, O, l.Of) == 0)
Log.v("soundPool", "Failed to start sound (" + sid +

queueSound(sid, delay, volume);
}}, delay);

} 
}

The structure of this example is fairly straightforward. We have a user interface with a single 
ToggleButton on it. We’ll use this to pause and resume the active audio streams. When our 
app starts, we create our SoundPool and load it up with audio samples. When the samples 
are properly loaded, we start playing them. The crickets sound plays in a neverending loop> 
the other samples play after a delay and then set themselves up to play again after the 
same delay. By choosing different delays, we get a somewhat random effect of sounds on 
top of sounds.

Creating a SoundPool reguires three parameters:

■ The first is the maximum number of samples that the SoundPool will play 
simultaneously. This is not how many samples the SoundPool can hołd.

■ The second parameter is which audio stream the samples will play on. 
The typical value is AudioManager.STREAM_MUSIC, but SoundPool can be 
used for alarms or ringtones. See the AudioManager reference page for 
the complete list of audio streams.

■ The SRC_QUALITY value should just be set to 0 when creating the SoundPool.
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codę demonstrates several different load() methods of SoundPool. The most basie 
's to load an audio file from /res/raw as a resource. We use this method for the first four 
audio files. Then we show how you could load an audio file from the /assets directory of the 
application. This load() method also takes parameters that specify the offset and the length 
°f the audio to load. This would allow us to use a single file with multiple audio samples in it, 
Dulling out just what we want to use. Finally, we show in comments how you might access an 
audio file from the SD card. Up through Android 4.0, the PRIORITY parameter should just be 1. 

^or our example, we chose to use some of the features introduced in Android 2.2, 
specifically the onLoadCompleteListener interface for our activity, and the autoPause() and 
autoResume() methods in our button callback.
^ben loading sound samples into a SoundPool, we must wait until they are properly loaded 
sforę we can start playing them. Within our onLoadComplete() callback, we check the 

status of the load, and, depending on which sound it is, we then set it up to play. lf the 
sound is the crickets, we play with looping turned on (a value of -1 for the fifth parameter). 

Or the others, we queue the sound up to play after a short period of time. The time values
^to in milliseconds. Notę the setting of the volume. Android provides the AudioManager 
0 let us know the current volume setting. We also get the maximum volume setting from 
^dioManager so we can calculate a volume value for play() that is between 0 and 1 (as 
$ float). The play() method actually takes a separate volume value for the left and right 
channels, but we just set both to the current volume. Again, PRIORITY should just be set to 1. 

he last parameter on the play() method is for setting the playback ratę. This value shou d 
e between 0.5 and 2.0, with 1.0 being normal.

queueSound() method uses a Handler to basically set up an event into the futurę. Our 
unnable will run after the delay period has elapsed. We check to be surę we still have a 
°undPool to play from, then we play the sound once and schedule the same sound to play 
^a'h after the same interval as before. Because we cali queueSound() with different sound 

s and different delays, the effect is a somewhat random playing of animal sounds.
^en you run this example, you’ll hear crickets, a chimp, a rooster, a dog, and a roar (a bear,

6 think). The crickets are constantly chirping while the other animals come and go. One 
ICe thing about SoundPool is that it lets us play multiple sounds at the same time with no 

eal Work on our part. Also, we’re not taxing the device too badly, because the sounds were 
ec°ded at load time, and we simply need to feed the sound bits to the hardware.

click the button, the crickets will stop, as will any other animal sound currently being 
aYed. However, the autoPause() method does not prevent new sounds from being playe . 

, °u II hear the animal sounds again within seconds (except for the crickets). Because we ve 
een queuing up sounds into the futurę, we will still hear those sounds. In fact, SoundPool 
°es not have a way to stop all sounds now and in the futurę. You’ll need to handle stopping 
n your own. The crickets will only come back if we click the button again to resume the 
^hds. But even then, we might have lost the crickets because SoundPool will throw out 

e oldest sound to make room for newer sounds if the maximum number of simultaneously 
aYing samples is reached.
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Playing Sounds with JetPlayer
SoundPool is not too bad a player, but the memory limitations can make it difficult to get the 
job done. An alternative when you need to play simultaneous sounds is JetPlayer. Tailored 
for games, JetPlayer is a very flexible tool for playing lots of sounds and for coordinating 
those sounds with user actions. The sounds are defined using Musical Instrument Digital 
Interface (MIDI).

JetPlayer sounds are created using a special JETCreator tool. This tool is provided under 
the Android SDK tools directory, although you’ll also need to install Python in order to use 
it, and it is limited to the Mac OSX and Windows SDK packages. The resulting JET file 
can be read into your application, and the sounds set up for playback. The whole process 
is somewhat involved and beyond the scope of this book, so we’ll just point you to more 
information in the “References” section at the end of this chapter.

Playing Background Sounds with AsyncPIayer
If all you want is some audio played, and you don’t want to tie up the current thread, the 
AsyncPIayer may be what you’re looking for. The audio source is passed as a URI to this 
class, so the audio file could be local or remote over the network. This class automatically 
creates a background thread to handle getting the audio and starting the playback. Because 
it is asynchronous, you won’t know exactly when the audio will start. Nor will you know when 
it ends, or even if ifs still playing. You can, however, cali stop() to get the audio to stop 
playing. If you cali play() again before the previous audio has finished playing, the previous 
audio will immediately stop and the new audio will begin at some time in the futurę when 
everything has been set up and fetched. This is a very simple class that provides an automatlC 
background thread. Listing 20-5 shows how your code should look to implement this.

Listing 20-5. Playing Audio with AsyncPIayer

private static finał String TAG = "AsyncPlayerDemo"; 
private AsyncPIayer mAsync = nuli;

[ ... ]

mAsync = new AsyncPIayer(TAG);
mAsync.play(this, Uri.parse("file://” + “/perry_ringtone.mp3"), 

false, AudioManager.STREAM_MUSIC);

[ ... ] 

@0verride
protected void onPause() { 

mAsync.stop();
super.onPause();

}

file://%E2%80%9D
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low-Level Audio Playback Using AudioTrack
far, we’ve been dealing with audio from files, be they local files or remote files. If you want 

get down to a lower level, perhaps playing audio from a stream, you need to investigate 
the AudioTrack class. Besides the usual methods like play() and pause(), AudioTrack 
Provides methods for writing bytes to the audio hardware. This class gives you the most 
c°ntrol over audio playback, but it is much morę complicated than the audio classes 
discussed so far in this chapter. One of our online companion sample applications uses the 
^dioRecord class. The AudioRecord class is very much like the AudioTrack class, so to get a 
better understanding of the AudioTrack class, refer to the AudioRecord sample later on.

Morę About MediaPlayer
generał, the MediaPlayer is very systematic, so you need to cali operations in a specific 

Order to initialize a MediaPlayer properly and prepare it for playback. The following is 
SlJn"imarizes some of the other details you should know for using the media s.

Once you set the data source of a MediaPlayer, you cannot easily 
change it to another one—you’ll have to create a new MediaPlayer or 
cali the reset() method to reinitialize the state of the player.
After you cali prepare(), you can cali getCurrentPosition(), 
getDuration(), and isPlayingO to get the current state of the p ayer.
You can also cali the setLooping() and setVolume() methods a ter e 
cali to prepare(). If you used prepareAsync(), you should wait un i 
onPrepared() is called before using any of these other methods.
After you cali start(), you can cali pause(), stop(), and seekTo().

Every MediaPlayer you create uses a lot of resources, so be surę to 
cali the release() method when you are done with the media P^Ver 
The VideoView takes care of this in the case of video playback, 
you’11 have to do it manually if you decide to use MediaPlayer ins ea o 
VideoView. Morę about VideoView in the next sections.
MediaPlayer works with several listeners you can use for additional 
control over the user experience, including OnCompletionListener, 
OnErrorListener, and OnlnfoListener. For example, if you’re managing 
a playlist of audio, OnCompletionListener will be called when a piece is 
finished so you can queue up the next piece.

?'s c°ncludes our discussion about playing audio content. Now we II turn our attention 
Co^a^'n9 video. As you will see, referencing video content is similar to referencing au i

Paying Video Content
^'s section, we are going to discuss video playback using the Android SDK.

e wiH discuss playing a video from a web server and playing one from an SD car . s y 
Ann irna9'ne> video playback is a bit morę involved than audio playback. Fortuna e y, e 

roid SDK provides some additional abstractions that do most of the heavy i ing.
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Notę Playing back video in the emulator is not very reliable. If it works, great. But if it doesn’t, try
running on a device instead. Because the emulator must use only software to run video, it can have
a very hard time keeping up with video, and you will likely get unexpected results.

Playing video requires more effort than playing audio, because there’s a visual component 
to take care of in addition to the audio. To take some of the pain away, Android provides 
a specialized view control called android.widget.VideoView that encapsulates creating 
and initializing the MediaPlayer. To play video, you create a VideoView widget in your user 
interface. You then set the path or URI of the video and fire the start() method. Listing 20-6 
demonstrates video playback in Android.

Listing 20-6. Playing Video Using the Media APls
<?xml version="l.O" encoding="utf-8"?>
<!-- This file is /res/layout/main.xml -->
<LinearLayout
android:layout_width="fill_parent" android:layout_height="fill_parent" 
xmlns:android="http://schemas.android.com/apk/res/android">

<VideoView android:id="@+id/videoView" 
android:layout_width="2OOpx" android:layout_height="200px" />

</LinearLayout>

// This file is MainActivity.java
import android.app.Actiyity;
import android.net.Uri;
import android.os.Bundle;
import android.widget.MediaController;
import android.widget.VideoView;

public class MainActivity extends Activity {
/** Called when the activity is first created. */ 
@0verride
protected void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState); 
this.setContentView(R.layout.main);

VideoView videoView =
(VideoView)this.findViewById(R.id.videoView);

MediaController mc = new MediaController(this); 
videoView.setMediaController(mc);
videoView.setVideoURI(Uri.parse( 

"http://www.androidbook.com/akc/filestorage/android/" + 
"documentfiles/3389/movie.mp4"));

/* videoView.setVideoPath(
Environment.getExternalStoragePublicDirectory(
Enyironment.DIRECTORY_MOVIES) + 
"/movie.mp4");

http://schemas.android.com/apk/res/android
http://www.androidbook.com/akc/filestorage/android/
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*/

videoView.requestFocus(); 
videoView.start();

ak /r 20bemonstrates video playback of a file located on the Web at www.androidbook. com/ 
run ■ ilest^^aHd^id/documentfiles/SSSg/nioyie.mpA, which means the application 
then'r9 C°de Wil1 need t0 rePuest the android.permission.INTERNET permission. All of 
feed thybaCk functionality is hl'dden behind the VideoView class. In fact, all you have to do is 
F the video content to the video player. The user interface of the application is shown in

1*.
^re 20-2. The video playback Ul with media Controls enabled

Whfor th'S aPP|icati°n runs, y°u will see the button Controls along the bottom of the screen 
Wlt ab°ut three seconds, and then they disappear. You get them back by clicking anywhere 
^is r v'deo frame. When we were doing playback of audio content, we needed to 
view y the b<Jtton controls °nly to start, pause, and restart the audio. We did not need a 
ąs w component for the audio itself. With video, of course, we need button Controls as well 
to dS°mething to view the video in. For this example, we’re using a VideoView component 
cOn|HPlay the video content- But instead of creating our own button Controls (which we 
Us a StiH do if we chose t0)’ we create a MediaController that provides the buttons for 
0ai|- shown in Fi9ure 20-2 and Listing 20-6, you set the VideoView’s media controller by 
to se"tMediaController() to enable the play, pause, and seek-to Controls, lf you want 
pa i nipulate the video programmatically with your own buttons, you can cali the start(), 

Se0’ stopPlayback(), and seekTo() methods.

http://www.androidbook
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Keep in mind that we’re still using a MediaPlayer in this example—we just don’t see it.
You can in fact “play” videos directly in MediaPlayer. If you go back to the example
from Listing 20-1, put a movie file on your SD card, and pług in the movie’s file path in
AUDIO_PATH, you will find that it plays the audio quite nicely even though you can’t
see the video.

Whereas MediaPlayer has a setDataSource() method, VideoView does not. VideoView 
instead uses the setVideoPath() or setVideoURI() methods. Assuming you put a movie 
file onto your SD card, you change the code from Listing 20-6 to comment out the 
setVideoURI() cali and uncomment the setVideoPath() cali, adjusting the path to the movie 
file as necessary. When you run the application again, you will now hear and see the video if 
the VideoView. Technically, we could have called setVideoURI() with the following to get the 
same effect as setVideoPath():

videoView.setVideoURI(Uri.parse("file://" + 
Enyironment.getExternalStoragePublicDirectory( 
Enyironment.DIRECTORY_MOVIES) + '7movie.mp4"));

You might have noticed that VideoView does not have a method to read data from a file 
descriptor as MediaPlayer did. You may also have noticed that MediaPlayer has a couple o 
methods for adding a SurfaceHolder to a MediaPlayer (a SurfaceHolder is like a view pod 
for images or video). One of the MediaPlayer methods is create(Context context, Uri u11’ 
SurfaceHolder holder), andthe other is setDisplay(SurfaceHolder holder).

Bonus Online Chapter on Recording and Advanced Media
Now that you have mastered many of the aspects of media playback, including the yariety 
of methods to build your own audio and video capabilities into your application, there are 
a few morę areas to explore on the topie that are almost a book’s worth of content in their 
own right. So we have put them together into another bonus online chapter that explores 
the following:

■ Audio recording with MediaRecorder, AudioRecord, and other techniques

■ Video recording from the ground up

■ Camera and camcorder profiles for video recording

■ Using intents and the MediaStore class to have other applications do all 
your recording for you!

Take a look at the online materiał for the Audio and Video Recording bonus chapter.
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References
Here are some helpful references to topics you may wish to explore further:

www.androidbook.com/proandroid5/projects: A list of downloadable 
projects related to this book. For the projects in this chapter, look for a 
zip file called ProAndroid5_Ch20_Media.zip. This zip file contains all the 
projects from this chapter, listed in separate root directories. There is 
also a README.TXT file that describes exactly how to import projects into 
Eclipse from one of these zip files.
http: //developer.android.com/guide/topics/media/jet/jetcreator_ 
manuał. html: The user manuał for the JETCreator tool. You can use this 
to create a JET sound file to be played using the JetPlayer. JETCreator 
is only available for Windows and Mac OS. To see JetPlayer in action, 
load the JetBoy sample project from the Android SDK into Eclipse, build 
it, and run it. Notę that the Fire button is the center directional pad key.

Summary
^ere is a summary the topics covered in this media chapter on audio and video.

Playing audio through a MediaPlayer
Several ways to source audio for MediaPlayer, from local application 
resources, to files, to streaming over the network
Steps to take with a MediaPlayer to get the audio to come out properly 

SoundPool and its ability to play several sounds simultaneously 

SoundPool’s limitations in terms of the amount of audio it can handle 

AsyncPIayer, which is useful because sounds generally need to be 
managed in the background
AudioTrack, which provides low-level access to audioPlaying video 
using VideoView

http://www.androidbook.com/proandroid5/projects
file:////developer.android.com/guide/topics/media/jet/jetcreator_
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Home Screen Widgets
^°me screen widgets in Android present frequently changing information on the home 
$Creen of Android. Home screen widgets are disconnected views displayed on the home 
creen. Data content of these views is updated at regular inten/als by background processes 
r Just kept as a static view.

example, an e-mail home screen widget might alert you to the number of outstanding 
^ails to be read. The widget may just show you the number of e-mails and not the 
essages themselves. Clicking the e-mail count may then take you to the activity that 

ac^ua' These could even be external e-mail sources such as Yahoo, Gmail, 
Hotmail, as long as the device has a way to access the counts through HTTP or other 

nnectivity mechanisms.
In ł|ie Android SDK a widget is declaratively defined. A widget definition contains the following:

A view layout to be displayed on the home screen, along with how big it 
should be to fit on a home page.

A timer that specifies the frequency of updates.

A broadcast receiver Java class called a widget provider that can 
respond to timer updates in order to alter the view in some fashion by 
populating with data.

An activity class that is responsible for collecting the input necessary to 
further configure the widget to be displayed.

Th
ą $ the receiver, and the configuration activity are optional. Once a widget is defined 

the Java classes are provided, the widget will be available for the user to drag onto a
Pa9e- The view and the corresponding Java classes are architected in such a way 

at they are disconnected from each other. For example, any Android service or activity 
retheve the view using its layout ID, populate that view with data (just like populating a 

^Jnplate), and send it to the home screen. Once the view is sent to the home screen, it is 
S|°dged from the underlying Java codę.

efore we show you how to implement a widget, we’ll first give you an overview of how a 
a9et is used by an end user.

471
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User Experience with Home Screen Widgets
Home screen widget functionality in Android allows you to choose a preprogrammed widget 
to be placed on the home screen. When placed, the widget will allow you to configure it using 
an activity (defined as part of the widget package), if necessary. It is important to understand 
this interaction before actually going into the details of how a widget is implemented.

We are going to walk you through a widget called Birthday Widget that we have created fot 
this chapter. We will present the source code for it later in the chapter. First, we are going 
to use this widget as an example for our walkthrough. As a consequence of source code 
coming later, we need your consideration to read along and follow the pictures and not look 
for this widget on your screen. If you follow the provided figures and explanation, you will 
know the naturę and behavior of the Birthday Widget, which will make things elear when we 
code it subsequently.

Let’s start this tour by locating the widget we want and creating an instance of it on the 
home screen. The way you access the available widget list is different depending on the 
Android release. Usually though, the list of widgets is kept alongside the list of applications 
available on your device. Here is an example from API 16 (or Jellybean version of Android) in 
Figure 21-1.

* 11:20

APPS WIDGETS

Analog clock API Demos

Birthday WidgetApi Demos

Bookmark

Figure 21-1. Home screen widget pick list
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'n the list of widgets in Figurę 21 -1, the Birthday Widget is designed for this chapter. If you 
choose this widget, Android allows you to drag it to one of pages of your home screen. 
Android will create a corresponding widget instance on the home screen that looks like the 
example Birthday Widget shown in Figurę 21-2.

Fi9ure 21-2. An example Birthday Widget

lrthday Widget in Figurę 21-2 will indicate in its header the name ofthe person, 
ays away this person’s birthday is, when the datę of birth falls this year, an a in

Y°u may be wondering how the name of the person and datę of birt were c 
hat if you want two instances of this widget, each with the name and da e o i

* Berent person? This is where the widget configuration activity comes into p ay an 
°pic we are covering next.

Understanding Widget Configuration Activity
A Widget definition optionally includes a specification of an activity called a widget 
CQrifiguration activity. When you choose a widget from the home page widget pic is 
reate the widget instance, Android invokes the corresponding widget configura lon a 
°he is defined for it. This activity is something you need to code.
case of our BirthdayWidget, this configuration activity will prompt you forthe *he 

erson and the upcoming birth datę, as shown in Figurę 21-3. It is the responsi 11 y ° 
Or|figuration activity to save this information in a persistent place so that when an up 

^lled on the widget provider, the widget provider will be able to locate this in orma lon 
Pciate the number of days until the birthday.
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Figure 21-3. Birthday Widget configuration activity

Notę When a user chooses to create two Birthday Widget instances on the home screen, the 
configuration activity will be called twice (once for each widget instance).

Internally, Android keeps track of the widget instances by allocating them unique IDs. This 
unique widget instance ID is passed to the Java callbacks and to the configurator Java class s 
that initial configuration and updates can be directed to the right instance of the widget on the 
homepage. In Figure 21 -2, in the later part of the string satya: 3, the 3 is the widget instance

Understanding the Life Cycle of a Widget
The life cycle of a widget has the following phases:

1. Widget definition

2. Widget instance creation

3. onUpdate() (when the time interval expires)

4. Responses to clicks (on the widget view on the home screen)

5. Widget deletion (from the home screen)

6. Uninstallation

We will go through these phases in detail now.
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Understanding Widget Definition Phase
Widget definition starts with the definition of the widget provider class in the Android 
Manifest file. Listing 21-1 shows the definition for the AppWidgetProvider that we have 
^signed for this chapter called BDayWidgetProvider in the manifest file.

listing 21-1. Widget Definition in Android Manifest File
filename: AndroidManifest.xml, project: ProAndroid5_ch21_TestWidgets.zip > 

Manifest.. >
<aPplication>

<receiver android:name=".BDayWidgetProvider">
cmeta-data android:name="android.appwidget.provider" 

android:resource="gxml/bday_appwidget_provider" />

<intent-filter> „
<action android:name="android.appwidget.action.APPWIDGET_UPD >

</intent-filter>
</receiver>

<activity>

</activity>
</aPPlication>
</manifest>

^is definition indicates that there is a broadcast receiver Java class called BDayWidgetto 
receives application widget broadcast update messages. The widge c ass

Listing 21-1 also points to an XML file @xml/bday_appwidget_provider w ic is re 
ay_aPpwidget_provider.xml. This XML file is in Listing 21-2. This widget e im io 

Urhber of things about this widget such as its layout resource file, update requency,

21 -2. Widget View Definition in Widget Provider Information XML File
/res/xml/bday_appwidget_provider.xml(ProAndroid5_ch21_TestWidgets.zip) >

aPPwidget-provider xmlns:android="http://schemas.android.com/apk/res/androro
android:minWidth="15Odp"
android:minHeight="120dp"
android:updatePeriodMillis="43200000"
android:initialLayout="@layout/bday_widget" . „
android:configure="com.androidbook.BDayWidget.ConfigureBDayWidgetAc 1V1 y
android:resizeMode="horizontal|vertical"
android:previewlmage="@drawable/some_preview_image_icon"

</aPpwidget-provider>

u^^L file is called the App widget provider information file. Internally, this gets translated 
. he AppWidgetProviderInfo Java class. This file identifies the width and heig o 
fra to b® i50dp and i20dp, respectively. This definition file also indicates the up a e 

ciency to be 12 hours translated to milliseconds. The widget definition also poin s
^yout file through the initialLayout attribute. This layout file (see futurę Lis mg 

Ocluces the widget look that is shown in Figure 21-2.

http://schemas.android.com/apk/res/androro
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Understanding resize Modę Attribute
Starting with SDK 3.1, users have the ability to resize a widget that is placed on one of their 
images. The user sees resize handles when they long-click the widget and can then use 
these handles to resize. This resize can be horizontal, vertical, or nonę. You can combine 
horizontal and vertical to resize the widget in both dimensions, as shown in Listing 21-2. 
However, to take advantage of this, your widget Controls should be laid out in such a way 
that they can expand and contract using their layout parameters. There is no callback to tell 
you what size your widget is.

Understanding previewlmage Attribute
The preview image attribute in Listing 21-2 indicates what image or icon is used to show 
your widget in the list of available widgets. If you omit it, the default behavior is to show the 
main icon for your application package, which is indicated in the manifest file.

Understanding Widget Layout: initialLayout Attribute
The layout for widget views is restricted to contain only certain types of view elements. The 
views allowed in a widget layout are exposed through an interface called RemoteViews, and 
only certain views can be composed into this layout. Some of the allowed view elements 
are shown in Listing 21-3. Notę that their subclasses are not supported—only those that are 
included in Listing 21-3.

Listing 21-3. Allowed View Controls in RemoteViews
FrameLayout
LinearLayout
RelativeLayout
GridLayout
AnalogCIock
Button
Chronometer
ImageButton
ImageView
ProgressBar
TextView
ViewFlipper
ListView
GridView
StackView
AdapterViewFlipper

This list may grow with each release. The primary reason for restricting what is allowed in a 
remote view is that these views are disconnected from the processes that actually control 
them. These widget views are hosted by an application like the Home application. The 
controllers for these views are background processes that get invoked by timers. For this 
reason, these views are called remote views. There is a corresponding Java class called 
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RemoteViews that allows access to these views. In other words, programmers do not■ 
direct access to these views to cali methods on them. You have access o ese vi 
through the RemoteViews (like a gatekeeper).
We will cover the relevant methods of a RemoteViews class when we explore 
the next main section. For now, remember that only a limited set of views in is i g 
allowed in the widget layout file.

Understanding conf igure Attribute
The widget definition (Listing 21-2) uses the configure attribute to specify the 
activity that needs to be invoked when the user creates a widget ms ance. .
activity specified in Listing 21-2 is the ConfigureBDayWidgetActivity. is ac i t
(Figure 21-3) is like any other Android activity. Form fields on this ac ivi y ar 
the information needed by a widget instance.

Understanding Widget Instance Creation Phase
When a user chooses a widget to create a widget instance, Android inyo e 
configuration activity (Figure 21-3) if it is defined in the configuration iri t
^'dget. If this configuration activity is not defined then this phase skippe 
ls Presented directly on the home page. When invoked this configura lon a 
tollowing:

1. Receive the widget instance ID from the invoking intent that started 

the configuration activity.
2. Prompt the user through form fields to collect the widget-instance- 

specific information.
3. Persist the widget instance information so that subsequent calls 

to AppWidgetProvider’s onUpdate method have access to this 
information.

4. Prepare to display the widget view for the first time by retrieving the 
widget view layout and create a RemoteViews object with it.

5. Cali methods on the RemoteViews object to set values on indMdual 

view objects, such as text and images.
6. Also use the RemoteViews object to register any onClick events on 

any of the subviews of the widget.
7. Tell the AppWidgetManager to paint the RemoteViews on the home 

screen using the instance ID of that widget.

8. Return the widget ID, and close.
Notice that the first population of the widget in this case is done by the configuration activity 
and not AppWidgetProvider’s onUpdate() method.
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Notę The configuration activity is optional. If the configuration activity is not specified, the cali
goes directlyto the onUpdate() method ofthe AppWidgetProvider. Itis up to onllpdate() to
update the view.

Android will undertake this process for each widget instance that the user creates. Besides 
invoking the configuration activity, Android also invokes the onEnabled callback of the 
AppWidgetProvider. Let’s briefly consider the callbacks on an AppWidgetProvider class by 
taking a look at the Shell of our BDayWidgetProvider (see Listing 21-4). We will examine the 
complete listing of this file later in Listing 21-10.

Listing 21-4. A Widget Provider Shell
II filename: BDayWidgetProvider.java(ProAndroid5_ch21_TestWidgets.zip) 
public class BDayWidgetProvider extends AppWidgetProvider {

public void onUpdate(Context context, AppWidgetManager appWidgetManager, 
int[] appWidget!ds){}

public void onDeleted(Context context, int[] appWidget!ds){}
public void onEnabled(Context context){} 
public void onDisabled(Context context) {}

}

The onEnabled() callback method indicates that there is at least one instance of the widget 
up and running on the home screen. This means a user must have dropped the widget on 
the home page at least once. In this cali, you will need to enable receiving messages for 
this broadcast receiver component (you will see this in Listing 21-10). The SDK base class 
AppWidgetProvider has the functionality to enable or disable receiving broadcast messageS’ 

The onDeleted() callback method is called when a user drags the widget instance view to 
the trash can. This is where you will need to delete any persistent values you are holding f°r 
that widget instance.

The onDisabled() callback method is called after the last widget instance is removed from 
the home screen. This happens when a user drags the last instance of a widget to the trasm 
You should use this method to unregister your interest in receiving any broadcast messageS 
intended for this component (you will see this in Listing 21-9).

The onUpdate() callback method is called every time the timer specified in Listing 21-2 
expires. This method is also called the very first time the widget instance is created if them 
is no configuration activity. If there is a configuration activity, this method is not called at 
the creation of a widget instance. This method will subsequently be called when the timer 
expires at the freguency indicated.
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Understanding onUpdate Phase
°nce the widget instance is on the home screen, the next significant event is the expiration 
of the timer. Android will cali onUpdate() in response to that timer. Because onUp O 
c3lled is through a broadcast receiver, the corresponding Java process wi , to he
W remain live until the end of that cali. Once the cali returns, the process wi 
taken down.
Once you have the necessary data available to update the widget in the method,
you can invoke the AppWidgetManager to paint the remote view. This 9oe$ ctatic
he AppWidgetProvider class is stateless and may even be incapa e o broadcast

variables between invocations. This is because the Java process eon ami ig rp_u|tjna jn
receiver class could be taken down and reconstructed between two invo 
re'initialization of static variables.

a result, you will need to come up with a scheme to remember state ^hat j® 
Ou can save the state of the widget instance in a persistent storę suc a ’

Preferences, or a SOLite database. In the examples in this chapter, we u 
Preferences as the persistence API.

Caution To save power, Google recommends that the duration of the updates be morę t an a 
hour, so the device won’t wake up too often. Starting with the 2.0 API, there is a restriction o 

30 minutes or morę for the update timeout.

^Or durations that are shorter, such as only seconds, you need to cali this onUpdate () 
ethod yourself by using the facilities in the AlarmManager class. W en y

^Manager, you also have the option not to cali onUpdate() but. instea^ do the work 
Update () in alarm callbacks. Refer to Chapter 17 for working wi e

^his is what you typically need to do in an onUpdate() method.

1- Make surę the configurator has finished its work; otherwise, jus
return. This should not be problem in releases 2.0 and above, w ere 
the duration is expected to be longer. Otherwise, based on t e 
update interval (when it is too smali) it is possible that onUp a e() wi 
be called before the user has finished configuring the widget in e
configurator.

2. Retrieve the persisted data for that widget instance.

3. Retrieve the widget view layout, and create a RemoteViews 
object with it.

4. Cali methods on the RemoteViews to set values on individual view 

objects such as text and images.
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5. Register any onClick events on any of the views by using pending
intents.

6. Tell the AppWidgetManager to paint the updated RemoteViews using the 
instance ID.

As you can see, there is a lot of overlap between what a configurator does initially and what 
the onUpdate() method does. You may want to reuse this functionality between the two 
places.

Understanding Widget View Mouse Click Event Callbacks
As stated, the onllpdate() method keeps the widget views up to datę. The widget view and 
subelements in that view could have callbacks registered for a mouse click. Typically, the 
onllpdate() method uses a pending intent to register an action for an event like a mouse 
click. This action could then start a sen/ice or start an activity such as opening up a brcws^

This invoked sen/ice or activity can then communicate back with the view, if needed, using 
the widget instance ID and the AppWidgetManager. Hence, it is important that the pending 
intent carries with it the widget instance ID.

Deleting a Widget Instance
Another distinct event that can happen to a widget instance is that it can get deleted. To do 
this, a user has to long-press the widget on the home screen. This will enable the trash can 
to show on the home screen. The user can then drag the widget instance to the trash cant0 
delete the widget instance from the screen.

Doing so calls the onDelete() method of the widget provider. If you have saved any state 
information for this widget instance, you will need to delete that data in this onDelete 
method.
Android also calls onDisable() if the widget instance that has just been deleted is the last 
of the widget instances of this type. You will use this callback to clean up any persistence 
attributes that are stored for all widget instances and also unregister for callbacks from the 
widget onllpdate() broadcasts.

Uninstalling Widget Packages
There is a need to clean up the widgets if you are planning to uninstall and install a new 
release of your .apk file containing these widgets.
It is recommended that you remove or delete all widget instances before trying to uninstall 
the package. Follow the directions in the “Deleting a Widget Instance” section to delete ea 
widget instance until nonę remain.

Then, you can uninstall and install the new release. This is especially important if you are 
using the Eclipse ADT to develop your widgets, because during the development time, A 
tries to do this every time you run the application. So, between runs, make surę you remo 
the widget instances.
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Implementing A Sample Widget Application
far, we have covered the theory and approach behind widgets. Lets create the 

widget whose behavior has been used as the example to explain wi ge ar 
develop, test, and deploy this Birthday Widget.
Each Birthday Widget instance will show a name, the datę of the nex i y, 
Hhany days from today until the birthday. It will also create an onClic area 
click to buy gifts. This click will open a browser and take you to www.goog e.c

layout of the finished widget should look like Figure 21-4.

^he implementation of this widget consists of the following widget-re a e tjon of
Project is also available for download at the URL mentioned in the e e
'his chapter.

^he basie files are
■ AndroidManifest.xml: Where the AppWidgetProvider is defined

(see Listing 21-5)
■ res/xml/bday_appwidget_provider.xml:  Widget dimensions and layout

(see Listing 21-2)
■ res/layout/bday_widget.xml: The widget layout (see Listing 21 6)

■ res/drawable/boxl.xml: Provides boxes for sections of the widget
layout (see Listing 21-7)

■ src/.../BdayWidgetProvider.java: Implementation of the 
AppWidgetProvider class (see Listing 21-10)

^hese files implement the widget configuration activity:

■ src/.../ConfigureBDayWidgetActivity.java: Configuration activity
(see Listing 21-8)

■ layout/edit_bday_widget.xml: Layout for taking the name and birthday

(see Listing 21-9)

http://www.goog
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These files store/retrieve the state of a widget instance using preferences:

■ src/.. ./IWidgetModelSaveContract. java: Contract for saving and 
retrieving a widget’s data (See in downloadable project)

■ src/.. ./APrefWidgetModel.java: Abstract preference-based widget 
model that saves widget data in preferences (see in downloadable 
project)

■ src/.../BDayWidgetModel.java: Widget model holding the data for a 
widget view (see in downloadable project)

■ src/.. ./Utils. java: Afew utility classes (see in downloadable project)

We will walk through some of the key files and explain any additional concepts that bear 
further consideration. You can get the rest of the files from the downloadable project for this 
chapter.

Defining the Widget Provider
For the Birthday Widget project the manifest file is in Listing 21-5. It has the declarations for 
the widget provider BDayAppWidgetProvider as a broadcast receiver and also the definition 
for the configuration activity ConfigureBDayWidgetActivity. Notice how the widget provider 
definition also points to the widget definition XML file @xml/bday_appwidget_provider.

Listing 21-5. Android Manifest File for BDayUidget Sample Application
<?xml version="1.0" encoding="utf-8"?>
<!-- file: AndroidManifest.xml(ProAndroid5_ch21_TestWidgets.zip) -->
<manifest xmlns:android="http://schemas.android.com/apk/res/android"

package="com.androidbook.BDayWidget"
android :versionCode=''l"
android:versionName="1.0.0">

opplication android: icon=''@drawable/icon" 
android:label="Birthday Widget">

<!--
**********************************************************************
* Birthday Widget Provider Receiver
**********************************************************************
-->

<receiver android:name=".BDayWidgetProvider">
<meta-data android:name="android.appwidget.provider" 

android:resource="@xml/bday_appwidget_provider"/> 
<intent-filter>

caction android:name="android.appwidget.action.APPWIDCET_UPDATE"/> 
</intent-filter>

</receiver>

http://schemas.android.com/apk/res/android
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<!-
**********************************************************************
* Birthday Provider Configuration activity
**********************************************************************

<activity android:name=".ConfigureBDayWidgetActivity"
android:label="Configure Birthday Widget">

<intent-filter>
<action android:name="android.appwidget.action.APPWIDCET_CONFICURE"/>

</intent-filter>
</activity>

</application>
<uses-sdk android:minSdkVersion="3'7> 

^manifest)

The application label identified by "Birthday Widget" in the following linę

<aPplication android:icon="@drawable/icon" android:label="Birthday Widget">

's what shows up in the widget pick list (see Figure 21-2) of the home page. You can also 
ir|dicate in the widget definition XML file (Listing 21-2) an alternate icon to be shown when 
the widget is listed (also called a preview). The configuration activity definition is like any 
°ther normal activity, except that it needs to declare itself as capable of responding to 
android.appwidget.action.APPWIDGET_CONFIGURE actions.
^eferto the widget definition file @xml/bday_appwidget_provider in Listing 21-2 to see how 
the widget size and a path to the layout file are specified. This layout file is just like any other 
'ayout file for a view in Android. Listing 21-6 shows the layout file we used to produce the 
Widget layout shown in Figure 21-4.

Listing 21-6. Widget View Layout Definition for BDayWidget
<?xml version="1.0" encoding="utf-8"?> 

res/layout/bday_widget.xml -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="vertical"
android:layout_width="fill_parent" android:layout_height="fill_parent"
android:background="@drawable/boxl">

<TextView
android:id="@+id/bdw_w_name"
android:layout_width="fill_parent" android:layout_height="4Osp"
android:text="Anonymous" android:background="@drawable/boxl"
android:gravity="center" android:layout_weight="0"/>

LinearLayout
android:orientation="horizontal"
android:layout_width="fill_parent" android:layout_height="fill_parent"
android:layout_weight="l">

<TextView
android:id="@+id/bdw_w_days"
android:layout_width="wrap_content" android:layout_height="fill_parent"
android:gravity="center" android:layout_weight="50"

android:text="O" android:textSize="30sp" />

http://schemas.android.com/apk/res/android
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<TextView
android:id="@+id/bdw_w_button_buy"
android:layout_width="wrap_content" android:layout_height="f ill_parent"
android:layout_weight="50" android:gravity="center"
android:textSize="20sp" android:text="Buy"
android:background="#FF6633"/>

</LinearLayout>
<TextView

android:id="@+id/bdw_w_date"
android: layout_width="fill_parent" android: layout_height="40sp"
android:gravity="center" android:layout_weight="0"
android:text="l/l/2000" android:background="@drawable/boxl'7>

</LinearLayout>

Some of the Controls also use a shape definition file called boxl.xml to define the borders.
The code for the shape definition file is shown in Listing 21-7.

Listing 21-7. A Boundary Box Shape Definition
<!-- res/drawable/boxl.xml -->
<shape xmlns:android="http://schemas.android.com/apk/res/android"> 

cstroke android:width="4dp" android:color="#888888"/>
<padding android:left="2dp" android:top="2dp"

android:right="2dp" android:bottom="2dp"/>
ccorners android:radius="4dp"/>

</shape>

Implementing Widget Configuration Activity
For the Birthday Widget example, the configuration of the widget responsibilities are 
implemented in ConfigureBDayWidgetActivity. Source code for this class is in Listing 21'°-

Listing 21-8. Implementing a Configuration ActMty

U file: ConfigureBDayWidgetActivity.java(ProAndroid5_ch21_TestWidgets.zip) 
public class ConfigureBDayWidgetActivity extends Activity 
{

private static String tag = "ConfigureBDayWidgetActivity";
private int mAppWidgetld = AppWidgetManager.INVALID_APPWIDGET_ID;

@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.ed it_bday_widget);
setupButton(); //setup the save button

//Get the widget instanceid from the intent extra
Intent intent = getlntent();
Bundle extras = intent.getExtras();

http://schemas.android.com/apk/res/android
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if (extras != nuli) {
mAppWidgetld = extras.getlnt( 

AppWidgetManager.EXTRA_APPWIDGET_ID, 
AppWidgetManager.INVALID_APPWIDGET_ID);

private void setupButton(){
Button b = (Button)this.findViewById(R.id.bdw_button_update_bday_widget), 
b.setOnClickListener(

new Button.OnClickListener(){ 
public void onClick(View v) { 

saveConfiguration(v);

//Read name and datę.
//Gall updateAppWidgetLocal to save the values for this instance 
//in that method also send the view to the homepage.
//Return the result of the configuration activity to the SDK 
//finish the activity.
Private void saveConfiguration(View v){

String name = this.getName();
String datę = this.getDate();
if (Utils.validateDate(date) == false){ 

this.setDate("wrong datę:" + datę); 
return;

}
if (this.mAppWidgetld == AppWidgetManager.INVALID_APPWIDGET_ID){ 

return;
}
updateAppWidgetLocal(name,datę);
Intent resultValue = new Intent();
resultValue.putExtra(AppWidgetManager.EXTRA_APPWIDGET_ID, mAppWi ge j;

setResult(RESULT_OK, resultValue);
finish();

Private String getName(){ 
EditText nameEdit = 

(EditText)this.findViewById(R.id.bdw_bday_name_id);
String name = nameEdit.getText().toString();
return name;

Private String getDate(){ .
EditText dateEdit = (EditText)this.findViewById(R.id.bdw_bday_date_id);
String dateString = dateEdit.getText() .toStringO;
return dateString;

Private void setDate(String errorDate){ . .
EditText dateEdit = (EditText)this.findViewById(R.id.bdw_bday_date_i ), 
dateEdit.setText("error");
dateEdit.requestFocus();



486 CHAPTER 21: Home Screen Widgets

private void updateAppWidgetLocal(String name, String dob){
//Create an object to hołd the data: widgetid, name, and dob
BDayWidgetModel m = new BDayWidgetModel(mAppWidgetId,name,dob);
//Create the view and send it to the home screen
updateAppWidget(this,AppWidgetManager.getlnstance(this),m);
//Use the data model object to save the id, name, and dob in prefs 
m.savePreferences(this);

}
//A key method where a lot of magie happens
public static void updateAppWidget(Context context,

AppWidgetManager appWidgetManager,
BDayWidgetModel widgetModel) 

{
//Construct a RemoteViews Object from the widget layout file
RemoteViews views = new RemoteViews(context.getPackageName(), 

R.layout.bday_widget);

//Use the control ids in the layout to set values on them. 
//Notice that these methods are limited and available on the 
//on the RemoteViews object. In other words we are not using the 
//TextView directly to set these values.
views.setTextViewText(R.id.bdw_w_name

, widgetModel.getName() + + widgetModel.iid);

views.setTextViewText(R.id.bdw_w_date
, widgetModel.getBdayO);

//update the name
views.setTextViewText(R.id.bdw_w_days,

Long.toString(widgetModel.howManyDays()));

//Set intents to invoke other activities when widget is clicked on
Intent definelntent = new Intent(Intent.ACTION_VIEW,

Uri.parse("http://www.google.com"));
Pendingintent pendingintent =

Pendingintent.getActivity(context,
0 /* no requestCode */, 
definelntent, 
o /* no flags */);

views.setOnClickPendinglntent(R.id.bdw_w_button_buy, pendingintent);

// Tell the widget manager to paint the remote view 
appWidgetManager.updateAppWidget(widgetModel.iid, views);

Before we cover what this code does, the layout used by this widget configuration activity |S 
in Listing 21-9. This layout is straightforward. You can also see this visually in Figure 21-3-

http://www.google.com
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Listing 21 -9. Layout Definition for Configuration ActMty
<?xml version="l.o" encoding="utf-8"?> 

res/layout/edit_bday_widget.xml -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android 

android:id="@+id/root_layout_id" android:orientation="vertical 
android: layout_width="fill_parent" android:layout_height="fill_parent >

<TextView
android:id="@+id/bdw_textl" android:layout_width="fill_parent 
android:layout height="wrap content" android:text="Name:" />

<EditText > - 6
android:id="@+id/bdw_bday_name_id" android:layout_width="fill_parent 
android:layout height="wrap content" android:text="Anonymous" />

<TextView "
android:id="@+id/bdw_text2" android:layout_width="fill_parent
android:layout_height=''wrap_content" android:text="Birthday (9/1/2001). /> 

LditText
android:id="@+id/bdw_bday_date_id" android:layout_width="fill_parent 
android:layout_height="wrap_content" android:text="ex: 10/1/2009 />

android:id="@+id/bdw_button_update_bday_widget" android:layout_width= fil _paren 
android:layout height="wrap content" android:text="update"/>

</LinearLayout>

Going back to the configuration activity codę in Listing 21-8, it accomplishes the following tasks.

■ Reading the widget instance ID from invoking intent

■ Collecting the name and datę of birth using form fields

■ Obtaining RemoteViews by loading widget layout file

■ Setting text values on the RemoteViews

Registering a pending intent through RemoteViews
lnvoking the AppWidgetManager to send the RemoteViews to the widget

Saving the name and datę of birth in preferences against this widget 
instance ID. This is done through the class BDayWidgetModel. We will talk
about this shortly.

Returning at the end with a result.

Notę The static function udpateAppWidget can be called from anywhere as long as you know 
the widget ID. This suggests that you can update a widget from anywhere on your device and from 
any process, both visual and nonvisual.

Th■t'Ce h°w we are passing the widget ID back to the invoker of this configuration actwity.
Is is how AppWidgetManager knows that the configuration activity is completed for that 

Wldget instance.

http://schemas.android.com/apk/res/android
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Let’s talk about saving and retrieval of the widget instance State through BDayWidgetModel 
object in Listing 21-8. The role of BDayWidgetModel object is to storę and retrieve three 
values: The widget instance ID (primary key), name, and datę of birth. This class uses 
the preferences API to persist and read back these values. Alternatively, you can use any 
persistence mechanism for this need. We are not including the source code for this class 
as it is quite a simple need to implement. In the downloadable project for this chapter 
we have an implementation for this class that is a bit more extensive, where we coded a 
reusable framework to storę values for any java object in the preferences. We have amply 
documented the source code so that you can use it as is for other needs or tweak it further 
and use reflection to simplify further. In the end you will have a model framework that is quite 
extensible. As this is not the primary goal of this chapter we have not gotten into those details 
here. What matters for this chapter is that these three values, the instance ID, name, and dob 
be saved and retrieved. You can follow the names on the BDayWidgetModel as a guide.

Implementing a Widget Provider
Let’s see now how we will respond to the life cycle events of widgets by examining the 
widget provider class. Listing 21-10 implements the widget provider class.

Listing 21-10. Source code for Sample Widget Provider: BDayWidgetProvider
U -file: BDayWidgetProvider.java(ProAndroid5_ch21_TestWidgets. zip)
public class BDayWidgetProvider extends AppWidgetProvider {

private static finał String tag = "BDayWidgetProvider";
public void onUpdate(Context context, AppWidgetManager appWidgetManager, 

int[] appWidgetlds) {
finał int N = appWidgetlds.length;
for (int i=0; i<N; i++) {

int appWidgetld = appWidget!ds[i];
updateAppWidget(context, appWidgetManager, appWidgetld);

}
}
public void onDeleted(Context context, int[] appWidgetlds) {

finał int N = appWidgetlds.length;
for (int i=0; i<N; i++) {

BDayWidgetModel bwm = BDayWidgetModel.retrieveModel(context, 
appWidget!ds[i]);

bwm.removePrefs(context);
}

}
public void onEnabled(Context context) {

BDayWidgetModel. clearAHPreferences(context);
PackageManager pm = context.getPackageManager();
pm.setComponentEnabledSetting(

new ComponentName("com.androidbook.BDayWidget",
".BDayWidgetProvider"),

PackageManager.COMPONENT_ENABLED_STATE_ENABLED, 
PackageManager.D0NT_KILL_APP);

}
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public void onDisabled(Context context) {
BDayWidgetModel. clearAUPref erences (context);
PackageManager pm = context.getPackageManager();
pm.setComponentEnabledSetting(

new ComponentName("com.androidbook.BDayWidget",
".BDayWidgetProvider"),

PackageManager.COMPONENT_ENABLED_STATE_DISABLED, 
PackageManager.DONT_KILL_APP);

private void updateAppWidget(Context context, AppWidgetManager appWidgetManager, 

int appWidgetld) {
BDayWidgetModel bwm = BDayWidgetModel.retrieveModel(context, appWr ge ), 
if (bwm == nuli) {return;} _ ,
ConfigureBDayWidgetActivity.updateAppWidget(context, appWidgetManager, wm;,

ln the “Life Cycle of a Widget” section we discussed the responsibilities of these methods.
^or the Birthday Widget, all these methods make use of the BDayWidgetModel to re rieve 

data associated with a widget instance for which the callbacks are called. orne
°f these methods on the BDayWidgetModel are removePrefs(), retrievePrefs(), an 
clearAllPreferences().
The update callback method is called for all the widget instances of this widget type. This 
Method must update all the widget instances. The widget instances are passed in as an 
array of IDs. For each id, the onUpdate() method will locate the corresponding wi ge 
'^stance model and cali the same method that is used by the configuration activity (see 
Listing 21-8) to display the retrieved widget model.

the onDeleted() method, we have instantiated a BDayWidgetModel and then asked it to 
remove itself from the preferences persistence storę.
!n the onEnabled() method, because it is called only once when the first instance comes 
lnto play, we have cleared all persistence of the widget models so that we start wi ace 
slate. We do the same in the onDisabled() method so that no memory of widget ms ances 
exists.
'n the onEnabled() method, we enable the widget provider component so that it can receive 
broadcast messages. In the onDisabled() method, we disable the component so a i 
w°n’t look for any broadcast messages.

Collection-Based Widgets
Starting with SDK 3.0, Android has expanded the widgets to include widgets based on 
coilections. We don’t have room in the print copy of this book. We will include the chap er 
r°m the previous edition on collection widgets at our online site for download.
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Resources
Here are helpful references to the topics that are covered in this chapter:

■ http: //developer.android.com/guide/topics/appwidgets/index.html:
Official Android SDK documentation on app widgets.

■  SharedPreferences.html: SharedPreferences API for managing state.
http://developer.android.com/reference/android/content/

■  SharedPreferences.Editor.html: The SharedPreferences.Editor API, 
which is related to shared preferences.

http://developer.android.com/reference/android/content/

■  widget_design.html: Design pleasing widget layouts.http://developer.android.com/guide/practices/ui_guidelines/
■  RemoteViews.html: RemoteViews API, used to paint and manipulate 

widget views.

http://developer.android.com/reference/android/widget/

■  AppWidgetManager.html: Widgets themselves are managed by a widget manager class.
http://developer.android.com/reference/android/appwidget/

■ : Research notes used while 
writing this chapter, including a summary, research logs, code snippets, 
and useful URLs.

http://www.androidbook.com/item/3938

■ : You can use this 
URL to download a detailed chapter on list widgets.
http://www.androidbook.com/free-android-chapters

■ : Downloadable 
test projects for this chapter. The name of the ZIP file for this chapter is ProAndroid5_ch2i_TestWidgets.zip.
http://www.androidbook.com/proandroid5/projects

Summary
Widgets are often used alongside your applications in Android. This chapter has covered the 
essentials you need to create and configure widgets. A supplemental chapter on list widgets 
is provided online.

http://developer.android.com/reference/android/content/
http://developer.android.com/reference/android/content/
http://developer.android.com/guide/practices/ui_guidelines/
http://developer.android.com/reference/android/widget/
http://developer.android.com/reference/android/appwidget/
http://www.androidbook.com/item/3938
http://www.androidbook.com/free-android-chapters
http://www.androidbook.com/proandroid5/projects


Chapter

Touch Screens
^any Android devices incorporate touch screens. When a device does not haye a p ysica 
kayboard, much of the user input must come through the touch screen. There ore your 
Applications will often need to be able to deal with touch input from the user. You ye 
"W likely already seen the virtual keyboard that displays on the screen when ex inpu 
is required from the user. We used touch with mapping applications in Chapter . e 
ifhplementations of the touch screen interface have been hidden from you so ar, u now 
^e’11 show you how to take advantage of the touch screen.
This chapter is madę up of three major parts. The first section will deal with MotionEvent 
°bjects, which is how Android tells an application that the user is touching a touc screen. 
'/Ve’ll also cover the VelocityTracker. The second section will deal with multitouc , w ere 
a Pser can have more than one finger at a time on the touch screen. Finally, we wi inc u 
a section on gestures, a specialized type of capability in which touch sequences can e 
lnterpreted as commands.

Understanding MotionEvents
Ip this section, we’re going to cover how Android tells applications about touch events from 
ps user. For now, we will only be concerned with touching the screen one finger a a ime 
Me’11 cover multitouch in a later section).
^t the hardware level, a touch screen is madę up of special materials that can pick up 
Pressure and convert that to screen coordinates. The information about the touch is urnę 
lnt° data, and that data is passed to the software to deal with it.

MotionEvent Object
a user touches the touch screen of an Android device, a MotionEvent object is 

^ated. The MotionEvent contains information about where and when the touch too 
^Ace, as well as other details of the touch event. The MotionEvent object gets passe o 
an appropriate method in your application. This could be the onTouchEvent() metho o a 
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View object. Remember that the View class is the parent of quite a few classes in Android, 
including Layouts, Buttons, Lists, Clocks, and morę. This means we can interact with all of 
these different types of View objects using touch events. When the method is called, it can 
inspect the MotionEvent object to decide what to do. For example, a GoogleMap could use 
touch events to move the map sideways to allow the user to pan the map to other points of 
interest. A virtual keyboard object could receive touch events to activate the virtual keys to 
provide text input to some other part of the user interface (Ul).

Receiving MotionEvent Objects
A MotionEvent object is one of a sequence of events related to a touch by the user. The 
sequence starts when the user first touches the touch screen, continues through any 
movements of the finger across the surface of the touch screen, and ends when the finger 
is lifted from the touch screen. The initial touch (an ACTI0N_D0WN action), the movements 
sideways (ACTI0N_M0VE actions), and the up event (an ACTI0N_UP action) of the finger all 
create MotionEvent objects. You could receive quite a few ACTI0N_M0VE events as the finger 
moves across the surface before you receive the finał ACTI0N_UP event. Each MotionEvent 
object contains information about what action is being performed, where the touch is 
taking place, how much pressure was applied, how big the touch was, when the action 
occurred, and when the initial ACTI0N_D0WN occurred. There is a fourth possible action, whid1 
is ACTION_CANCEL. This action is used to indicate that a touch sequence is ending without 
actually doing anything. Finally, there is ACTI0N_0UTSIDE, which is set in a special case where 
a touch occurs outside of our window but we still get to find out about it.

There is another way to receive touch events, and that is to register a callback handler for 
touch events on a View object. The class to receive the events must implement the 
View.OnTouchListener interface, and the View objects setOnTouchListener() method must be 
called to set up the handler for that View. The implementing class of the View.OnTouchListenet 
must implement the onTouch() method. Whereas the onTouchEvent() method takes just a 
MotionEvent object as a parameter, onTouch() takes both a View and a MotionEvent object 
as parameters. This is because the OnTouchListener could receive MotionEvent objects for 
multiple views. This will become clearer with our next example application.

If a MotionEvent handler (either through the onTouchEvent() or onTouch() method) 
consumes the event and no one else needs to know about it, the method should return 
true. This tells Android that the event does not need to be passed to any other views. 
If the View object is not interested in this event orany futurę events related to this touch 
sequence, it returns false. The onTouchEvent() method of the base class View doesn’t do 
anything and returns false. Subclasses of View may or may not do the same. For examp|e' 
a Button object will consume a touch event, because a touch is equivalent to a click, and 
therefore returns true from the onTouchEvent() method. Upon receiving an ACTI0N_D0WN 
event, the Button will change its color to indicate that it is in the process of being clicked. 
The Button also wants to receive the ACTION_(JP event to know when the user has let go, 
so it can initiate the logie of clicking the button. If a Button object returned false from 
onTouchEvent(), it would not receive any morę MotionEvent objects to tell it when the user 
lifted a finger from the touch screen.
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When we want touch events to do something new with a particular View object, we can 
extend the class, override the onTouchEvent() method, and put our logie there. We can also 
implement the View.OnTouchListener interface and set up a callback handler on the View 
object. By setting up a callback handler with onTouch(), MotionEvents will be delivered there 
first before they go to the View’s onTouchEvent() method. Only if the onTouch() method 
returned false would our View’s onTouchEvent() method get called. Lets get to our example 
Application where this should be easier to see.

Notę We will give you a URL at the end of the chapter which you can use to download projects of 
this chapter. This will allow you to import these projects into your IDE directly.

Setting Up an Example Application
Listing 22-1 shows the XML of a layout file. Create a new Android project starting with 
this layout.

Listing 22-1. XML Layout File for TouchDemol
Lxml version="l.o" encoding="utf-8"?>
L — This file is res/layout/main.xml -->
LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="match_parent"
android:layout_height="match_parent"
android:orientation="vertical" >

<RelativeLayout android:id="@+id/layoutl"
android:tag="trueLayoutTop" android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:layout_weight="l" >

<com.androidbook.touch.demol.TrueButton android:text="Returns True"
android:id="@+id/trueBtnl" android:tag="trueBtnTop"
android:layout_width="wrap_content"
android:layout_height="wrap_content" />

<com.androidbook.touch.demol.FalseButton android:text="Returns False"
android:id="@+id/falseBtnl" android:tag="falseBtnTop"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_below="@id/trueBtnl" />

</RelativeLayout>
<RelativeLayout android:id="@+id/layout2"

android:tag="falseLayoutBottom" android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:layout_weight="l" android :background=',#FFOOFF" >

http://schemas.android.com/apk/res/android
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ccom.androidbook.touch.demol.TrueButton android:text="Returns True"
android:id="@+id/trueBtn2" android:tag="trueBtnBottom"
android:layout_width="wrap_content"
android:layout_height="wrap_content" />

<com.androidbook.touch.demol.FalseButton android:text="Returns False"
android:id="@+id/falseBtn2" android:tag="falseBtnBottom"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_below="@id/trueBtn2" />

</RelativeLayout>
</LinearLayout>

There are a couple of things to point out about this layout. We’ve incorporated tags on our 
Ul objects, and we’ll be able to refer to these tags in our codę as events occur on them. 
We’ve used custom objects (TrueButton and FalseButton). You’ll see in the Java codę that 
these are classes extended from the Button class. Because these are Buttons, we can use 
all of the same XML attributes we would use on other buttons. Figure 22-1 shows what this 
layout looks like, and Listing 22-2 shows our button Java codę.

Figure 22-1. The Ul o f our TouchDemo 1 application
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Listing 22-2. Java Code for the Button Classes for TouchDemol
11 This file is BooleanButton.java
Public abstract class BooleanButton extends Button { 

protected boolean myValue() {
return false;

}

public BooleanButton(Context context, AttributeSet attrs) { 
super(context, attrs);

}

@0verride
Public boolean onTouchEvent(MotionEvent event) {

String myTag = this.getTag().toString();
Log.v(myTag, "---------------------------------------------- ");
Log.v(myTag, MainActivity.describeEvent(this, event));
Log.v(myTag, "super onTouchEvent() returns “ + 

super.onTouchEvent(event));
Log.v(myTag, "and I'm returning " + myValue());
return(myValue());

1 This file is TrueButton.java
Public class TrueButton extends BooleanButton {

Protected boolean myValue() { 
return true;

}

Public TrueButton(Context context, AttributeSet attrs) { 
super(context, attrs);

1 This file is FalseButton.java
Public class FalseButton extends BooleanButton {

Public FalseButton(Context context, AttributeSet attrs) { 
super(context, attrs);

BooleanButton class was built so we can reuse the onTouchEvent() method, which 
® ve customized by adding the logging. Then, we created TrueButton and FalseBut on, 
^ich will respond differently to the MotionEvents passed to them. This will be madę c earer 
hen you look at the main activity code, which is shown in Listing 22-3.
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Listing 22-3. Java Codę for Our Main ActMty
II This file is MainActivity.java
import android.view.MotionEvent;
import android.view.View.OnTouchListener;
public class MainActivity extends Activity implements OnTouchListener { 

/** Called when the activity is first created. */ 
@0verride
public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

RelativeLayout layoutl =
(RelativeLayout) findViewBy!d(R.id.layoutl);

layoutl.setOnTouchListener(this);
Button trueBtnl = (Button)findViewById(R.id.trueBtnl);
trueBtnl.setOnTouchListener(this);
Button falseBtnl = (Button)findViewById(R.id.falseBtnl);
falseBtnl.setOnTouchListener(this);

RelativeLayout layout2 =
(RelativeLayout) findViewBy!d(R.id.Iayout2);

layout2.setOnTouchListener(this);
Button trueBtn2 = (Button)findViewById(R.id.trueBtn2);
trueBtn2.setOnTouchListener(this);
Button falseBtn2 = (Button)findViewById(R.id.falseBtn2);
falseBtn2.setOnTouchListener(this);

}

@0verride
public boolean onTouch(View v, MotionEvent event) {

String myTag = v.getTag().toString();
Log.v(myTag, "------------------- -------------------");
Log.v(myTag, "Got view " + myTag + " in onTouch");
Log.v(myTag, describeEvent(v,.event));
if( "true".equals(myTag.substring(O, 4))) {
/* Log.v(myTag, "*** calling my onTouchEvent() method ***");

v.onTouchEvent(event);
Log.v(myTag, "*** back from onTouchEvent() method ***"); */ 
Log.v(myTag, "and I'm returning true'');
return true;

}
else {

Log.v(myTag, "and I'm returning false");
return false;

}
}
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protected static String describeEvent(View view, MotionEvent event) { 
StringBuilder result = new StringBuilder(300);
result.append("Action: ").append(event.getAction()).append("\n");
result.append("Location: ").append(event.getX()).append(" x ")

.append(event.getY()).append("\n");
if( event.getX() < o || event.getX() > view.getWidth() || 

event.getY() < 0 || event.getY() > view.getHeight()) { 
result.append("»> Touch has left the view «<\n");

}
result.append("Edge flags: ").append(event.getEdgeFlags());
result.append("\n");
result.append("Pressure: ").append(event.getPressure());
result.append(" ").append("Size: ").append(event.getSize());
result.append("\n").append("Down time: ");
result.append(event.getDownTime()).append("ms\n");
result.append("Event time: ").append(event.getEventTime());
result.append("ms").append(" Elapsed: ");
result.append(event.getEventTime()-event.getDownTime());
result.append(" ms\n");
return result.toString();

main activity code sets up callbacks on our buttons and the layouts so we can 
Process the touch events (the MotionEvent objects) for everything in our Ul. We ve 
added lots of logging, so you’11 be able to tell exactly whafs going on as touch events 
°ccur. One other good idea is to add the following tag to your manifest file so Google Play 
Storę will know your application requires a touch screen to work: <uses-configuration 
android:reqTouchScreen="finger" />. For example, Google TVs don’t have touch screens^ 
s° it wouldn’t make sense to try to run this app there. When you compile and run this 
application, you should see a screen that looks like Figurę 22-1.

Running the Example Application
9et the most out of this application, you need to open LogCat in your IDE (Eclipse or 

Android Studio) to watch the messages fly by as you touch the touch screen. This works 
the emulator as well as on a real device. We also advise you to maximize the LogCat 

^ihdow, so you can more easily scroll up and down to see all of the generated events from 
ais application. To maximize the window, just double-click the LogCat tab. Now, go to the 

aPblication Ul, and touch and release on the topmost button marked Returns True (if you re 
dsing the emulator, use your mouse to click and release the button). You should see at 
east two events logged in LogCat. The messages are tagged as coming from trueBtnTop 
ahd were logged from the onTouch() method in MainActivity. See MainActivity. java for 
he onTouch() method’s code. As you view the LogCat output, see which method calls 

are Producing the values. For example, the value displayed after Action comes from the 
^ActionO method. Listing 22-4 shows a sample of what you might see in LogCat from the 
Sarhple application.
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Listing 22-4. Sample LogCat Messages from Touch Demol
trueBtnTop —
trueBtnTop Cot view trueBtnTop in onTouch
trueBtnTop Action: 0
trueBtnTop Location: 42.8374 x 25.293747
trueBtnTop Edge flags: 0
trueBtnTop Pressure: 0.05490196 Size: 0.2
trueBtnTop Down time: 24959412ms
trueBtnTop Event time: 24959412ms Elapsed: 0 ms
trueBtnTop and I'm returning true

trueBtnTop Got view trueBtnTop in onTouch
trueBtnTop Action: 2
trueBtnTop Location: 42.8374 x 25.293747
trueBtnTop Edge flags: 0
trueBtnTop Pressure: 0.05490196 Size: 0.2
trueBtnTop Down time: 24959412ms
trueBtnTop Event time: 2495953Oms Elapsed: 118 ms
trueBtnTop and I'm returning true

trueBtnTop Got view trueBtnTop in onTouch
trueBtnTop Action: 1
trueBtnTop Location: 42.8374 x 25.293747
trueBtnTop Edge flags: 0
trueBtnTop Pressure: 0.05490196 Size: 0.2
trueBtnTop Down time: 24959412ms
trueBtnTop Event time: 24959567ms Elapsed: 155 ms
trueBtnTop and I'm returning true

Understanding MotionEvent Contents
The first event has an action of 0, which is ACTI0N_D0WN. The last event has an action of 1, 
which is ACTIONJJP. If you used a real device, you might see morę than two events. Any 
events in between ACTION_DOWN and ACTIONJJP will most likely have an action of 2, which is 
ACTION_MOVE. The other possibilities are an action of 3, which is ACTION_CANCEL, or 4, which is 
ACTIONJ)UTSIDE. When using real fingers on a real touch screen, you can’t always touch and 
release without a slight movement on the surface, so expect some ACTIONJWE events.

Notice the Location values. The location for a MotionEvent has an x and y component, where 
x represents the distance from the left-hand side of the View object to the point touched and 
y represents the distance from the top of the View object to the point touched.

In the emulator, pressure is likely 1.0 and size is likely 0.0. For a real device, the pressure 
represents how hard the finger pressed down, and size represents how large the touch is. 
If you touch lightly with the tip of your pinky finger, the values for pressure and size will be 
smali. If you press hard with your thumb, both pressure and size will be larger. Pressing 
lightly with your thumb should result in a smali value for pressure but a large value for 
size. The documentation says that the values of pressure and size will be between 0 and 
1. However, due to differences in hardware, it may be very difficult to use any absolute 
numbers in your application for making decisions about pressure and size. It would be fine
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to compare pressure and size between MotionEvents as they occur in your application, but 
you may run into trouble if you decide that pressure must exceed a value such as 0.8 to be 
considered a hard press. On that particular device, you might never get a value above 0.8. 
You might not even get a value above 0.2.
The down time and event time values operate in the same way between the emulator and 
a real device, the only difference being that the real device has much larger values. The 
dapsed times work the same.
The edge flags are for detecting when a touch has reached the edge of the physical 
screen. The Android SDK documentation says that the flags are set to indicate that a 
touch has intersected with an edge of the display (top, bottom, left, or right). However, the 
getEdgeFlags() method may always return zero, depending on what device or emulator it is 
used on. With some hardware, it is too difficult to actually detect a touch at the edge of the 
display, so Android is supposed to pin the location to the edge and set the appropriate e ge 
f|ag for you. This doesn’t always happen, so you should not rely on the edge flags being set 
Properly. The MotionEvent class provides a setEdgeFlags() method so you can set the lags 
yourself if you want to.
The last thing to notice is that our onTouch() method returns true, because our TrueButton 
's coded to return true. Returning true tells Android that the MotionEvent object has een 
consumed and there is no reason to give it to someone else. It also tells Android to keep 
sending touch events from this touch sequence to this method. Thafs why we got t e 
ACTION_up event, as well as the ACTI0N_M0VE event in the case of the real device.
Now touch the Returns False button near the top of the screen. Listing 22-5 shows a sample 
LogCat output for your Returns False touch.

Listing 22-5. Sample LogCat from Touching the Top Returns False Button
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
FalseBtnTop 
trueLayoutTop 
FrueLayoutTop 
Fr^eLayoutTop 
trueLayoutTop

Got view falseBtnTop in onTouch 
Action: 0
Location: 61.309372 x 44.281494
Edge flags: 0
Pressure: 0.0627451 Size: 0.26666668
Down time: 28612178ms
Event time: 28612178ms Elapsed: 0 ms 
and I'm returning false

Action: 0
Location: 61.309372 x 44.281494
Edge flags: 0
Pressure: 0.0627451 Size: 0.26666668
Down time: 28612178ms
Event time: 28612178ms Elapsed: 0 ms 
super onTouchEvent() returns true 
and I'm returning false

Got view trueLayoutTop in onTouch
Action: 0
Location: 61.309372 x 116.281494
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trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop 
trueLayoutTop

Edge flags: 0
Pressure: 0.0627451 Size: 0.26666668
Down time: 28612178ms
Event time: 28612178ms Elapsed: 0 ms 
and I'm returning true

Got view trueLayoutTop in onTouch
Action: 2
Location: 61.309372 x 111.90039
Edge flags: 0
Pressure: 0.0627451 Size: 0.26666668
Down time: 28612178ms
Event time: 28612217ms Elapsed: 39 ms 
and I'm returning true

Got view trueLayoutTop in onTouch
Action: 1
Location: 55.08958 x 115.30792
Edge flags: 0
Pressure: 0.0627451 Size: 0.26666668
Down time: 28612178ms
Event time: 28612361ms Elapsed: 183 ms 
and I'm returning true

Now you’re seeing very different behavior, so we’ll explain what happened. Android receives 
the ACTION J)0WN event in a MotionEvent object and passes it to our onTouch() method in the 
MainActivity class. Our onTouch() method records the information in LogCat and returns 
false. This tells Android that our onTouch() method did not consume the event, so Android 
looks to the next method to cali, which in our case is the overridden onTouchEvent() method 
of our FalseButton class. Because FalseButton is an extension of the BooleanButton 
class, refer to the onTouchEvent() method in BooleanButton. java to see the code. In the 
onTouchEvent() method, we again write information to LogCat, we cali the parent class’s 
onTouchEvent() method, and then we also return false. Notice that the location information 
in LogCat is exactly the same as before. This should be expected because we’re still in 
the same View object, the FalseButton. We see that our parent class wants to return true 
from onTouchEvent(), and we can see why. If you look at the button in the Ul, it should be 
a different color from the Returns True button. Our Returns False button now looks like ifs 
partway through being pressed. That is, it looks like a button looks when it has been pressed 
but has not been released. Our custom method returned false instead of true. Because we 
again told Android that we did not consume this event, by returning false, Android never 
sends the ACTIONJJP event to our button, so our button doesn’t know that the finger ever 
lifted from the touch screen. Therefore, our button is still in the pressed state. If we had 
returned true like our parent wanted to, we would eventually have received the ACTIONJJP 
event, so we could change the color back to the normal button color. To recap, every time 
we return false from a Ul object for a received MotionEvent object, Android stops sending 
MotionEvent objects to that Ul object, and Android keeps looking for another Ul object to 
consume our MotionEvent object.
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You might have realized that when we touched our Returns True button, we didn t get a color 
change in the button. Why is that? Well, our onTouch() method was called before any actual 
button methods got called, and onTouch() returned true, so Android never bothered to cali 
the Returns True button’s onTouchEvent() method. Ifyou add a v.onTouchEvent(event); linę 
to the onTouch() method just before returning true, you will see the button change color. 
You will also see more log lines in LogCat, because our onTouchEvent() method is also 
writing information to LogCat.
Let’s keep going through the LogCat output. Now that Android has tried twice to find a 
consumer for the ACTI0N_D0WN event and failed, it goes to the next View in the application that 
could possibly receive the event, which in our case is the layout underneath the button. We 
called our top layout trueLayoutTop, and we can see that it received the ACTI0N_D0WN event. 

Notice that our onTouch() method got called again, although now with the layout view 
and not the button view. Everything about the MotionEvent object passed to onTouch() for 
'trueLayoutTop is the same as before, including the times, except for the y coordinate of the 
location. The y coordinate changed from 44.281494 for the button to 116.281494 for t e 
layout. This makes sense because the Returns False button is not in the upper-left corner o 
the layout, ifs below the Returns True button. Therefore the y coordinate of the touch relative 
to the layout is larger than the y coordinate of the same touch relative to the button; the touch 
Is further away from the top edge of the layout than it is from the top edge of the button. 
Because onTouch() for the trueLayoutTop returns true, Android sends the rest of t e ouc 
events to the layout, and we see the log records corresponding to the ACTI0N_M0VE an e 
ACTIon_UP events. Go ahead and touch the top Returns False button again, and notice that the 
same set of log records occurs. That is, onTouch() is called for falseBtnTop, onTouchEven () 
Is called for falseBtnTop, and then onTouch() is called for trueLayoutTop for the res o e 
events. Android only stops sending the events to the button for one touch sequence at a time. 
Bor a new sequence of touch events, Android will send to the button unless it gets another 
return of false from the called method, which it still does in our sample application.

Now touch your finger on the top layout but not on either button, and then drag your 
finger around a bit and lift it off the touch screen (if you’re using the emulator, just use your 
mouse to make a similar motion). Notice a stream of log messages in LogCat, where e 
first record has an action of ACTI0N_D0WN, and then many ACTI0N_M0VE events are followed 
by an ACTI0N_UP event.

Now, touch the top Returns True button, and before lifting your finger from the button, drag your 
finger around the screen and then lift it off. Listing 22-6 shows some new information in LogCa .

Listing 22-6. LogCat Records Showing a Touch Outside of Our View
[ • • • log messages of an ACTI0N_D0WN event followed by some ACTI0N_M0VE events ... ]

TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop 
TrueBtnTop

Got view trueBtnTop in onTouch
Action: 2
Location: 150.41768 x 22.628128 
»> Touch has left the view «< 
Edge flags: o
Pressure: 0.047058824 Size: 0.13333334
Down time: 3169O859ms
Event time: 31691344ms Elapsed: 485 ms 
and I'm returning true
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[ ... more ACTIONJWE events logged ... ]

trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop 
trueBtnTop

Got view trueBtnTop in onTouch
Action: 1
Location: 291.5864 x 223.43854 
»> Touch has left the view «< 
Edge flags: o
Pressure: 0.047058824 Size: 0.13333334
Down time: 3169O859ms
Event time: 31692493ms Elapsed: 1634 ms 
and I'm returning true

Even after your finger drags itself off of the button, we continue to get notified of touch 
events related to the button. The first record in Listing 22-6 shows an event record where 
we’re no longer on the button. In this case, the x coordinate of the touch event is to the 
right of the edge of our button object. However, we keep getting called with MotionEvent 
objects until we get an ACTION_UP event, because we continue to return true from the 
onTouch() method. Even when you finally lift your finger off of the touch screen, and even 
if your finger isn’t on the button, our onTouch() method still gets called to give us the 
ACTION_UP event because we keep returning true. This is something to keep in mind when 
dealing with MotionEvents. When the finger has moved off of the view, we could decide to 
cancel whatever operation might have been performed and return false from the onTouch() 
method, so we don’t get notified of further events. Or we could choose to continue to 
receive events (by returning true from the onTouch () method) and only perform the logie if 
the finger returns to our view before lifting off.

The touch sequence of events got associated to our top Returns True button when we 
returned true from onTouch(). This told Android that it could stop looking for an object to 
receive the MotionEvent objects and just send all futurę MotionEvent objects for this touch 
sequence to us. Even if we encounter another view when dragging our finger, we’re still tied 
to the original view for this seguence.

Exercising the Bottom Half of the Example Application
Let’s see what happens with the lower half of our application. Go ahead and touch the 
Returns True button in the bottom half. We see the same thing as happened with the top 
Returns True button. Because onTouch() returns true, Android sends us the rest of the 
events in the touch sequence until the finger is lifted from the touch screen. Now, touch 
the bottom Returns False button. Once again, the onTouch() method and onTouchEvent() 
methods return false (both associated with the falseBtnBottom view object). But this time, 
the next view to receive the MotionEvent object is the falseLayoutBottom object, and it also 
returns false. Now, we’re finished.

Because the onTouchEvent() method called the super’s onTouchEvent() method, the button 
has changed color to indicate ifs halfway through being pressed. Again, the button will stay 
this way, because we never get the ACTION_UP event in this touch sequence, because our 
methods return false all the time. Unlike before, even the layout is not interested in this 
event. lf you were to touch the bottom Returns False button and hołd it down and then drag 
your finger around the display, you would not see any extra records in LogCat, because
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no morę MotionEvent objects are sent to us. We returned false, so Android won t bother 
us with any morę events for this touch sequence. Again, if we start a new touch sequence, 

can see new LogCat records showing up. If you initiate a touch sequence in the bottom 
layout and not on a button, you will see a single event in LogCat for falseLayoutBottom that 
r©turns false and then nothing after that (until you start a new touch sequence).

So far, we’ve used buttons to show you the effects of MotionEvent events from touch 
screens. It’s worth pointing out that, normally, you would implement logie on buttons using 
the onClick() method. We used buttons for this sample application, because they re easy to 
create and they are subclasses of View that can therefore receive touch events just like any 
other view. Remember that these techniques apply to any View object in your application, be 
't a standard or customized view class.

Recycling MotionEvents
Vou may have noticed the recycle() method of the MotionEvent class in the Android 
reference documentation. It is tempting to want to recycle the MotionEvents that you receive 
'n onTouch() °r onTouchEvent(), but don’t do it. If your callback method is not consuming 
the MotionEvent object and you’re returning false, the MotionEvent object is likely to be 
handed to some other method or view or our activity, so you don’t want Android recycling it 
yet. Even if you consumed the event and returned true, the event object doesn t belong to 
you, so you should not recycle it.
If you look at MotionEvent documentation, you will see a few variations of a method called 
°btain(). This is either creating a copy of a MotionEvent or a brand new MotionEvent. Your 
copy, or your brand-new event object, is the event object that you should recycle when you 
are done with it. For example, if you want to hang onto an event object that is passed to you 
via a callback, you should use obtain() to make a copy, because once you return from the 
callback, that event object will be recycled by Android, and you may get strange results if 
you continue to use it. When you are finished using your copy, you invoke recycle() on it.

Using VelocityTracker
Android provides a class to help handle touch screen sequences, and that class is 
^elocityTracker. When a finger is in motion on a touch screen, it might be nice to know how 
fast it is moving across the surface. For example, if the user is dragging an object across the 
screen and lets go, your application probably wants to show that object flying across the 
screen accordingly. Android provides VelocityTracker to help with the math involved.

To use VelocityTracker, you first get an instance of a VelocityTracker by calling the 
static method VelocityTracker.obtain(). You can then add MotionEvent objects to it with 
the addMovement(MotionEvent ev) method. You would cali this method in your handler 
that receives MotionEvent objects, from a handler method such as onTouch(), or from a 
view’s onTouchEvent(). The VelocityTracker uses the MotionEvent objects to figure out 
^hat is going on with the user’s touch sequence. Once VelocityTracker has at least two 
ftotionEvent objects in it, we can use the other methods to find out what’s happening.
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The two YelocityTracker methods—getXVelocity() and getYVelocity()—return the 
corresponding velocity of the finger in the x and y directions, respectively. The value 
returned from these two methods will represent pixels per time period. This could be pixels 
per millisecond or per second or really anything you want. To tell the VelocityTracker 
what time period to use, and before you can cali these two getter methods, you need to 
invoke the VelocityTracker’s computeCurrentVelocity(int units) method. The value of 
units represents how many milliseconds are in the time period for measuring the velocity. 
If you want pixels per millisecond, use a units value of 1; if you want pixels per second, 
use a units value of 1000. The value returned by the getXVelocity() and getYVelocity() 
methods will be positive if the velocity is toward the right (for x) or down (for y). The value 
returned will be negative if the velocity is toward the left (for x) or up (for y).

When you are finished with the VelocityTracker object you got with the obtain() method, 
cali the VelocityTracker objects recycle() method. Listing 22-7 shows a sample 
onTouchEvent() handler for an activity. It turns out that an activity has an onTouchEvent() 
callback, which is called whenever no views have handled the touch event. Because we’re 
using a stock, empty layout, we have no views consuming our touch events.

Listing 22-7. Sample Activity That Uses Veloci tyTracker
import android.view.MotionEvent;
import android.view.YelocityTracker;

public class MainActivity extends Activity { 
private static finał String TAG = "YelocityTracker";

/** Called when the activity is first created. */ 
@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

)

private YelocityTracker vTracker = nuli;

public boolean onTouchEvent(MotionEvent event) {
int action = event.getAction();
switch(action) {

case MotionEvent.ACTION_DOWN:
if(vTracker == nuli) {

vTracker = YelocityTracker.obtain();
}
else {

vTracker.clear();
}
vT racker.addMovement(event);
break;

case MotionEvent.ACTION_MOVE:
vTracker.addMovement(event);
vT racker.computeCurrentYelocity(1000);
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Log.v(TAG, "X velocity is " + vTracker.getXVelocity() + 
" pixels per second");

Log.v(TAG, "Y velocity is " + vTracker.getYVelocity() +
" pixels per second");

break;
case MotionEvent.ACTION_UP:
case MotionEvent.ACTION_CANCEL:

Log.v(TAG, "Finał X velocity is " + vTracker.getXVelocity() + 
" pixels per second");

Log.v(TAG, "Finał Y velocity is " + vTracker.getYVelocrty() + 
" pixels per second");

vTracker.recycle();
vTracker = nuli;
break;

}
return true;

Obviously, when you’ve only added one MotionEvent to a VelocityTracker ( e 
®vent), the velocities cannot be computed as anything other than zero. But we nee o a 

starting point so that the subsequent ACTION_MOVE events can calculate ve oci les
^locityTracker is somewhat costly in terms of performance, so use it sparingly.
^ake surę that you recycle it as soon as you are done with it. There can be more an 
^elocityTracker in use in Android, but they can take up a lot of memory, so give Y0^ 

you're not going to continue to use it. In Listing 22-7, we also use the elear() me o
' WeTe starting a new touch sequence (that is, if we get an ACTION_DOWN even an 0 
elocityTracker object already exists) instead of recycling this one and o aming

Multitouch
that you’ve seen single touches in action, lefs move on to multitouch. Multitouch 

^as gained a lot of interest ever sińce the TED conference in 2006 at whic e an 
aenionstrated a multitouch surface for a Computer user interface. Using mu ip e ing 
a screen opens up a lot of possibilities for manipulating whafs on the screen. orexa P 
Putting two fingers on an image and moving them apart could zoom in on the image, y 
P^cing multiple fingers on an image and turning eloekwise, you could rotate e imag 
ae screen. These are standard touch operations in Google Maps, for instance.

If you think about it, though, there is no magie to this. lf the screen hardware can detect 
Multiple touches as they initiate on the screen, notify your application as those ouc es 
^°ve in time across the surface of the screen, and notify you when those touc es i o 
ue screen, your application can figure out what the user is trying to do with those ouc . 

. though ifs not magie, it isn’t easy either. We’re going to help you understand mu i ou 
ln this section.
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The Basics of Multitouch
The basics of multitouch are exactly the same as for single touches. MotionEvent objects 
get created for touches, and these MotionEvent objects are passed to your methods just lik 
before. Your code can read the data about the touches and decide what to do. At a basie 
level, the methods of MotionEvent are the same; that is, we cali getAction(), getDownTimeO> 
getx(), and so on. However, when morę than one finger is touching the screen, the 
MotionEvent object must include information from all fingers, with some caveats. The action 
value from getAction() is for one finger, not all. The down time value is for the very first 
finger down and measures the time as long as at least one finger is down. The location 
values getX() and getY(), as well as getPressure() and getSize(), can take an argument 
for the finger; therefore, you need to use a pointer index value to request the information f°r 
the finger you’re interested in. There are method calls that we used previously that did not 
take any argument to specify a finger (for example, getX(), getY()), so which finger would 
the values be for if we used those methods? You can figure it out, but it takes some work. 
Therefore, if you don’t take into account multiple fingers all of the time, you might end up 
with some strange results. Let’s dig into this to figure out what to do.

The first method of MotionEvent you need to know about for multitouch is 
getPointerCount(). This tells you how many fingers are represented in the MotionEvent 
object but doesn’t necessarily tell you how many fingers are actually touching the screen; 
that depends on the hardware and on the implementation of Android on that hardware. You 
may find that, on certain devices, getPointerCount() does not report all fingers that are 
touching, just some. But let’s press on. As soon as you’ve got morę than one finger being 
reported in MotionEvent objects, you need to start dealing with the pointer indexes and the 
pointer IDs.
The MotionEvent object contains information for pointers starting at index 0 and going UPt0 
the number of fingers being reported in that object. The pointer index always starts at 0; if 
three fingers are being reported, pointer indexes will be 0,1, and 2. Calls to methods such 
as getX() must include the pointer index for the finger you want information about. Pointet 
IDs are integer values representing which finger is being tracked. Pointer IDs start at 0 fot 
the first finger down but don’t always start at 0 once fingers are coming and going on the 
screen. Think of a pointer ID as the name of that finger while it is being tracked by Android- 
For example, imagine a pair of touch sequences for two fingers, starting with finger 1 down, 
and followed by finger 2 down, finger 1 up, and finger 2 up. The first finger down will get 
pointer ID 0. The second finger down will get pointer ID 1. Once the first finger goes up,t,ie 
second finger will still be pointer ID 1. At that point, the pointer index for the second finger 
becomes 0, because the pointer index always starts at 0. In this example, the second fing® 
(pointer ID 1) starts as pointer index 1 when it first touches down and then shifts to pointer 
index 0 once the first finger leaves the screen. Even when the second finger is the only 
finger on the screen, it remains as pointer ID 1. Your applications will use pointer IDs to lihk 
together the events associated to a particular finger even as other fingers are involved. Le 
look at an example.
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(-isting 22-8 shows our new XML layout plus our Java code for a multitouch application. This 
s application called MultiTouchDemol. Figurę 22-2 shows what it should look like.

listing 22-8, XML Layout and Java for a Multitouch Demonstration

version="1.0" encoding="utf-8"?>
•- This file is /res/layout/main.xml -->
elativeLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:id="@+id/layoutl"
android:tag="trueLayout" android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:layout_weight="l" 
>

<TextView android:text="Touch fingers on the screen and look at LogCat"
android:id="@+id/message"
android:tag="trueText"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_alignParentBottom="true" />

<^elativeLayout>

im is MainActivity. java
i android.view.MotionEvent;

P°rt android.view.View.OnTouchListener;

^Hc class MainActivity extends Activity implements OnTouchListener {
/%* Called when the activity is first created. */
@0verride
Public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

RelativeLayout layoutl =
(RelativeLayout) findViewBy!d(R.id.layoutl);

layoutl.setOnTouchListener(this) ;

Public boolean onTouch(View v, MotionEvent event) {
String myTag = v.getTag().toString();
Log.v(myTag, "............................................. ");
Log.v(myTag, "Got view " + myTag + " in onTouch");
Log.v(myTag, describeEvent(event));
logAction(event);
if( "true".equals(myTag.substring(o, 4))) { 

return true;
}
else {

return false;

http://schemas.android.com/apk/res/android
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protected static String describeEvent(MotionEvent event) {
StringBuilder result = new StringBuilder(500);
result.append("Action: ").append(event.getAction()).append("\n");
int numPointers = event.getPointerCount();
result.append("Number of pointers: ");
result.append(numPointers).append("\n");
int ptrldx = 0;
while (ptrldx < numPointers) {

int ptrld = event.getPointerId(ptrIdx);
result.append("Pointer Index: ").append(ptrldx);
result.append(", Pointer Id: ").append(ptrld).append("\n");
result.append(" Location: ").append(event.getX(ptrIdx));
result.append(" x ").append(event.getY(ptrIdx)).append("\n");
result.append(" Pressure: ");
result.append(event.getPressure(ptrIdx));
result.append(" Size: ").append(event.getSize(ptrIdx));
result.append("\n");

ptrldx++;
)
result.append("Down time: ").append(event.getDownTime());
result.append("ms\n").append("Event time: ");
result.append(event.getEventT ime()).append("ms");
result.append(" Elapsed: ");
result.append(event.getEventTime()-event.getDownTime());
result.append(" ms\n");
return result.toString();

}

private void logAction(MotionEvent event) {
int action = event.getActionMasked();
int ptrlndex = event.getActionIndex();
int ptrld = event.getPointerId(ptrIndex);

if(action == 5 || action == 6)
action = action - 5;

Log.v("Action", "Pointer index: " + ptrlndex);
Log.v("Action", "Pointer Id: " + ptrld);
Log.v("Action", "True action value: " + action);
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^9Urp 00 o nc «-z Our multitouch demonstration application

only have the emulator, this application will still work, but you won’t be able to get 
u tjple fingers simultaneously on the screen. You’ll see output similar to what we saw in the 

!^evious application. Listing 22-9 shows sample LogCat messages for a touch sequence 
fine We described earlier. That is, the first finger presses on the screen, and then the second 

9er presses, the first finger leaves the screen, and the second finger leaves the screen.

st'hg 22-9. Sample LogCat Output for a Multitouch Application
^UeLayout 

UeLayout 
. UeLayout 
. UeLayout 

UeLayout 
. UeLayout 
>Layout 
t UeLayout 

^Layout
« 10n 
cUon 

ĄcUOn

Got view trueLayout in onTouch
Action: 0
Number of pointers: 1
Pointer Index: 0, Pointer Id: 0

Location: 114.88211 x 499.77502
Pressure: 0.047058824 Size: 0.13333334

Down time: 3373365Oms
Event time: 3373365Oms Elapsed: 0 ms
Pointer index: 0
Pointer Id: 0
True Action value: o
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trueLayout ----------------------------- ---------
trueLayout Got view trueLayout in onTouch
trueLayout Action: 2
trueLayout Number of pointers: 1
trueLayout Pointer Index: 0, Pointer Id: 0
trueLayout Location: 114.88211 x 499.77502
trueLayout Pressure: 0.05882353 Size: 0.13333334
trueLayout Down time: 3373365Oms
trueLayout Event time: 3373374Oms Elapsed: 90 ms
Action Pointer index: o
Action Pointer Id: 0
Action True Action value: 2
trueLayout ----------------------------- ---------
trueLayout Got view trueLayout in onTouch
trueLayout Action: 261
trueLayout Number of pointers: 2
trueLayout Pointer Index: o, Pointer Id: 0
trueLayout Location: 114.88211 x 499.77502
trueLayout Pressure: 0.05882353 Size: 0.13333334
trueLayout Pointer Index: 1, Pointer Id: 1
trueLayout Location: 320.30692 x 189.67395
trueLayout Pressure: 0.050980393 Size: 0.13333334
trueLayout Down time: 3373365Oms
trueLayout Event time: 33733962ms Elapsed: 312 ms
Action Pointer index: 1
Action Pointer Id: 1
Action True Action value: 0
trueLayout ---------------------------------------
trueLayout Got view trueLayout in onTouch
trueLayout Action: 2
trueLayout Number of pointers: 2
trueLayout Pointer Index: 0, Pointer Id: 0
trueLayout Location: 111.474594 x 499.77502
trueLayout Pressure: 0.05882353 Size: 0.13333334
trueLayout Pointer Index: 1, Pointer Id: 1
trueLayout Location: 320.30692 x 189.67395
trueLayout Pressure: O.O5O98O393 Size: 0.13333334
trueLayout Down time: 3373365Oms
trueLayout Event time: 33734189ms Elapsed: 539 ms
Action Pointer index: 0
Action Pointer Id: 0
Action True Action value: 2
trueLayout ---------------------- ----------------
trueLayout Got view trueLayout in onTouch
trueLayout Action: 6
trueLayout Number of pointers: 2
trueLayout Pointer Index: 0, Pointer Id: 0
trueLayout Location: 111.474594 x 499.77502
trueLayout Pressure: 0.05882353 Size: 0.13333334
trueLayout Pointer Index: 1, Pointer Id: 1
trueLayout Location: 320.30692 x 189.67395
trueLayout Pressure: 0.050980393 Size: 0.13333334
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t^eLayout 
/UeLayout 
Action 
Action 
Action 
^rueLayout 
/UeLayout 
/UeLayout 
^UeLayout 
trueLayout 
/UeLayout 
/UeLayout 
/UeLayout 
^eLay°ut 
Action 
Action 
Action
^UeLayout 
/UeLayout 
/UeLayout 
/■UeLayout 
/UeLayout 
/UeLayout 
/UeLayout 
/UeLayout 
Sr* 

^ion 
A^iOn

Down time: 3373365Oms
Event time: 33734228ms Elapsed: 578 ms
Pointer index: 0
Pointer Id: o
True Action value: 1

Got view trueLayout in onTouch
Action: 2
Number of pointers: 1
Pointer Index: 0, Pointer Id: 1

Location: 318.84656 x 191.45105
Pressure: O.O5O98O393 Size: 0.13333334

Down time: 3373365Oms
Event time: 33734240ms Elapsed: 590 ms
Pointer index: 0
Pointer Id: 1
True Action value: 2

Got view trueLayout in onTouch
Action: 1
Number of pointers: 1
Pointer Index: o, Pointer Id: 1

Location: 314.95224 x 190.5625
Pressure: 0.050980393 Size: 0.13333334

Down time: 3373365Oms
Event time: 33734549ms Elapsed: 899 ms
Pointer index: 0
Pointer Id: 1
True Action value: 1

Understanding Multitouch Contents
We’n

now discuss what is going on with this application. The first event we see is the 
^eth ~D°WN (action value of 0) of the first finger. We learn about this using the getAction() 
Wlth °d- P|ease refer to the describeEvent() method in MainActivity.java to follow along 
. which methods produce which output. We get one pointer with index 0 and pointer ID 0.

r tłlat, you’11 probably see several ACTION_MOVE events (action value of 2) for this first 
Poi T' eVen though we’re only showing one of these in Listing 22-9. We still only have one 

n er and the index and ID are still both 0.

of 2rS iater we 9et the second finger touching the screen. The action is now a decimal value 
Of 1 • What does this mean? The action value is actually madę up of two parts: an indicator 

h|ch pointer the action is for and what action that pointer is doing. Converting decimal 
th hexadecimal, we get 0x00000105. The action is the smallest byte (5 in this case), 

ipd ae po'nter index is the next byte over (1 in this case). Notę that this tells us the pointer 
be nX not pointer ID. lf you pressed a third finger onto the screen, the action would 
s0 x00000205 (or decimal 517). A fourth finger would be 0x00000305 (or decimal 773) and 
jpst rt ^°U ha^nT seen an action value of 5 yet, but ifs known as ACTI0N_P0INTER_D0WN. Ifs

ACTI0N_D0WN except that ifs used in multitouch situations.
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Now, look at the next pair of records from LogCat in Listing 22-9. The first record is for 
an ACTIONJWE event (action value of 2). Remember that it is difficult to keep fingers from 
moving on a real screen. We’re only showing one ACTIONJWE event, but you might see 
several when you try this for yourself. When the first finger is lifted off of the screen, we ge 
an action value of 0x00000006 (or decimal 6). Like before, we have pointer index 0 and an 
action value that is ACTION_POINTER_UP (similar to ACTIONJJP but for multitouch situations)- 
If the second finger was lifted in a multitouch situation, we would get an action value of 
0x00000106 (or decimal 262). Notice how we still have information for two fingers when we 
get the ACTIONJJP for one of them.
The last pair of records in Listing 22-9 shows one morę ACTIONJWE event for the second 
finger, followed by an ACTIONJJP for the second finger. This time, we see an action value o 
(ACTIONJJP). We didn’t get an action value of 262, but we’ll explain that next. Also, notice 
once the first finger left the screen, the pointer index for the second finger has changed fm 
1 to 0, but the pointer ID has remained as 1.
ACTIONJWE events do not tell you which finger moved. You will always get an action value 
of 2 for a move regardless of how many fingers are down or which finger is doing the 
moving. All down finger positions are available within the MotionEvent object, so you nee 
to read the positions and then figure things out. If there’s only one finger left on the screen^ 
the pointer ID will tell you which finger it is that’s still moving because ifs the only ^'n®erM0vE 
In Listing 22-9, when the second finger was the only one left on the screen, the ACTION_ 
event had a pointer index of 0 and a pointer ID of 1, so we knew it was the second finger 
that was moving.
Not only can a MotionEvent object contain move events for morę than one finger, but it can 
also contain multiple move events per finger. It does this using historical values containe 
within the object. Android should report all history sińce the last MotionEvent object. See 
getHistoricalSize() and the other getHistorical... () methods.
Going back to the beginning of Listing 22-9, the first finger down is pointer index 0 and 
pointer ID 0, so why don’t we get 0x00000005 (or decimal 5) for the action value when tn 
first finger is pressed to the screen before any other fingers? Unfortunately, this guestion 
doesn’t have a happy answer. We can get an action value of 5 in the following scenario- 
press the first finger to the screen and then the second finger, resulting in action values 
0 and 261 (ignoring the ACTIONJWE events for the moment). Now, lift the first finger (ac 1 
value of 6), and press it back down on the screen. The pointer ID of the second finger 
remained as 1. For the moment when the first finger was in the air, our application kneWec) 
about pointer ID 1 only. Once the first finger touched the screen again, Android reassigh® 
pointer ID 0 to the first finger and gave it pointer index 0 as well. Because now we know 
there are multiple fingers involved, we get an action value of 5 (pointer index of 0 and the $ 
action value of 5). The answer to the guestion, therefore, is backward compatibility, but i 
not a happy answer. The action values of 0 and 1 are pre-multitouch.

ąo 
When only one finger remains on the screen, Android treats it like a single-touch case. - 
get the old ACTIONJJP value of 1 instead of a multitouch ACTIONJJP value of 6. Our code 
need to consider these cases carefully. A pointer index of 0 could result in an ACTION_O° 
value of 0 or 5, depending on which pointers are in play. The last finger up will get an 
ACTIONJJP value of 1 no matter which pointer ID it has.
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। ®re is another action we haven’t mentioned so far: ACTION_SCROLL (value of 8), introduced
^ndroid 3.1. This comes from an input device like a mouse, not a touch screen. In fact,

you can see from the methods in MotionEvent, these objects can be used for lots of
th|n^S 0*her than touch screen touches. We won’t be covering these other input devices in

Gestures
^tures are a special type of a touch screen event. The term gesture is used for a variety of 

n9s in Android, from a simple touch sequence like a fling or a pinch to the formal Gesture
. Ss- Flings, pinches, long presses, and scrolls have expected behaviors with expected 

9gers. That is, it is pretty elear to most people that a fling is a gesture where a finger 
uches the screen, drags somewhat quickly off in a single direction, and then lifts up. For

। arnPle, when someone uses a fling in the Gallery application (the one that shows images 
a left-to-right chain), the images will move sideways to show new images to the user.

? following sections, you will learn how to implement a pinch gesture, from which 
to u can easily implement the other common gestures. The formal Gesture class refers 

9estures drawn by a user on a touch screen, so that an application can react to those 
stures. The typical example includes drawing letters of the alphabet which the application

. n Understand as letters. The formal Gesture class is not covered in this book. Lets learn 
10 Pinch!

Pinch Gesture
of the cool applications of multitouch is the pinch gesture, which is used for zooming. 

e idea is that if you place two fingers on the screen and spread them apart, the application 
Out^d resP°nd by zooming in. If your fingers come together, the application should zoom 

■ ^he application is usually showing images, which could be maps.
b^Ore We get to the pinch gesture’s native support, we first need to cover a class thafs 

n around from the beginning—GestureDetector.

GestureDetector and OnGestureListeners
The first class to help us with gestures is GestureDetector, which has been around from the 

ty beginning of Android. Its purpose in life is to receive MotionEvent objects and tell us
to h? a secllJence of events looks like a common gesture. We pass all of our event objects 

ne GestureDetector from our callback, and it calls other callbacks when it recognizes a
re’ such as a fling or long press. We need to register a listener for the callbacks from 

GestureDetector, and this is where we put our logie that says what to do if the user 
pi P6rformed one of these common gestures. Unfortunately, this class does not tell us if a 

cb gesture is taking place; for that, we need to use a new class, which we’ll get to shortly.

। sre are a few ways to build the listener side. Your first option is to write a new class that 
^Piernents the appropriate gesture listener interface: for example, the GestureDetector. 
fOr estureListener interface. There are several abstract methods that must be implemented 

each of the possible callbacks.
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Your second option is to pick one of the simple implementations of a listener and override 
the appropriate callback methods that you care about. For example, the GestureDetector. 
SimpleOnGestureListener class has implemented all of the abstract methods to do nothing 
and return false. All you have to do is extend that class and override the few methods you 
need to act on those few gestures you care about. The other methods have their default 
implementations. It’s morę future-proof to choose the second option even if you decide to 
override all of the callback methods, because if a futurę version of Android adds another 
abstract callback method to the interface, the simple implementation will provide a default 
callback method, so you’re covered.
We’re going to explore ScaleGestureDetector, plus the corresponding listener class, to see 
how to use the pinch gesture to resize an image. In this example, we extend the simple 
implementation (ScaleGestureDetector. SimpleOnScaleGestureListener) for our listener. 
Listing 22-10 has the XML layout and the Java code for our MainActivity.

Listing 22-10. Layout and Java Code for the Pinch Gesture Using ScaleGestureDetector
<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 

android:id="@+id/layout" android:orientation="vertical" 
android:layout_width="match_parent" 
android:layout_height="match_parent" >

<TextView android:text=
"Use the pinch gesture to change the image size" 

android:layout_width="match_parent" 
android:layout_height="wrap_content" />

<ImageView android:id="@+id/image" android:src="@drawable/icon" 
android:layout_width="match_parent" 
android:layout_height="match_parent"
android:scaleType="matrix" />

</LinearLayout> 

// This file is MainActivity.java
public class MainActivity extends Activity {

private static finał String TAG = "ScaleDetector";
private ImageView image;
private ScaleGestureDetector mScaleDetector;
private float mScaleFactor = if;
private Matrix mMatrix = new Matrix();
@0verride
public void onCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

image = (ImageView)findViewById(R.id.image);
mScaleDetector = new ScaleGestureDetector(this, 

new ScaleListener());
)

http://schemas.android.com/apk/res/android
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@0verride
Public boolean onTouchEvent(MotionEvent ev) { 

Log.v(TAG, "in onTouchEvent");
// Give all events to ScaleGestureDetector 
mScaleDetector.onTouchEvent(ev);

return true: 
}

Private class ScaleListener extends
ScaleGestureDetector.SimpleOnScaleGestureListener { 

@0verride
public boolean onScale(ScaleGestureDetector detector) { 

mScaleFactor *= detector.getScaleFactor();

// Make surę we don't get too smali or too big 
mScaleFactor = Math.max(O.lf, Math.min(mScaleFactor, 5.0f));

Log.v(TAG, "in onScale, scalę factor = " + mScaleFactor);
mMatrix.setScale(mScaleFactor, mScaleFactor);

image.set!mageMatrix(mMatrix);
image.invalidate();
return true;

layout is straightforward. We have a simple TextView with our message to use the pinch 
. re> and we have our ImageView with the standard Android icon. We’re going to resize

। $ lcon image using a pinch gesture. Of course, feel free to substitute your own image file 
tead of the icon. Just copy your image file into a drawable folder, and be surę to change

^^droidisrc attribute in the layout file. Notice the android:scaleType attribute in the 
sc r 'ay°ut f°r our image- This tells Android that we’ll be using a graphics matrix to do 

'n9 operations on the image. Although a graphics matrix can also do movement of our 
a9e w'^in the layout, we’re only going to focus on scaling for now. Also notice that we set 

ImageView size to as big as possible. As we scalę the image, we don’t want it clipped by
6 boundaries of the ImageView.

Cr e Cocie is also straightforward. Within onCreate(), we get a reference to our image and
Sv our ScaleGestureDetector. Within our onTouchEvent() callback, all we do is pass 

ty event object we get to the ScaleGestureDetector’s onTouchEvent() method and return 
e So we keep getting new events. This allows the ScaleGestureDetector to see all events 
decide when to notify us of gestures.

a ScaleListener is where the zooming happens. There are actually three callbacks within 
aDv+^ener c'ass: onScaleBegin(), onScale(), and onScaleEnd(). We don’t need to do 

^bing special with the begin and end methods, so we didn’t implement them here.
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Within onScale(), the detector passed in can be used to find out lots of information 
about the scaling operation. The scalę factor is a value that hovers around 1. That is, 
as the fingers pinch closer together, this value is slightly below 1; as the fingers move 
apart, this value is slightly larger than 1. Our mScaleFactor member starts at 1, so it 
gets progressively smaller or larger than 1 as the fingers move together or apart. If f 
mScaleFactor equals 1, our image will be normal size. Otherwise, our image will be sma 
or larger than normal as mScaleFactor moves below or above 1. We set some bounds on 
mScaleFactor with the elegant min/max function combination. This prevents our image n° 
getting too smali or too large. We then use mScaleFactor to scalę the graphics matrix, a 
we apply the newly sealed matrix to our image. The invalidate() cali forces a redraw o 
the image on the screen.

To work with the OnGestureListener interface, you’d do something very similar to what 
we’ve done here with our ScaleListener, except that the callbacks will be for different 
common gestures such as single tap, double tap, long press, and fling.

References
Here are some helpful references to topics you may wish to explore further.

■ : Downloadable 
projects related to this book. For this chapter, look for a zip file called 
ProAndroid5_Ch22_Touchscreens.zip. This zip file contains all projects 
from this chapter, listed in separate root directories. There is also a 
README.TXT file that describes exactly how to import projects into your 
IDE from one of these zip files.

www.androidbook.com/proandroidS/projects

■ : 
Jeff Han demonstrates his multitouch Computer user interface at TED in 
2006—very cool.

www.ted.com/talks/jeff_han_demos_his_breakthrough_touchscreen.html

■ 
: An Android blog post about multitouch offers 

yet another way to implement a GestureDetector inside an extension 
of a view.

http://android-developers.blogspot.com/2010/06/making-sense- 
of-multitouch.html

Summary
Let’s conclude this chapter by quickly enumerating what you have learned about touch 
screens so far:

■ MotionEvent as the foundation on which touch handling is done

■ Different callbacks that handle touch events on a View object and 
through an OnTouchListener

■ Different types of events that occur during a touch sequence

■ How touch events travel through an entire view hierarchy, unless 
handled along the way

http://www.androidbook.com/proandroidS/projects
http://www.ted.com/talks/jeff_han_demos_his_breakthrough_touchscreen.html
http://android-developers.blogspot.com/2010/06/making-sense-of-multitouch.html
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Information that a MotionEvent object contains about touches, including 
for multiple fingers

When to recycle a MotionEvent object and when not to

Determining the speed at which a finger drags across a screen

The wonderful world of multitouch, and the internal details of 
how it works

Implementing the pinch gesture, as well as other common gestures



Implementing Drag and Drop

Chapter

। he last chapter, we covered touchscreens, the MotionEvent class, and gestures. You 
h°w t0 use touch to make things happen in your application. One area that we 

s n t cover was drag and drop. On the surface, drag and drop seems like it should be fairly 
Q Ple: touch an object on the screen, drag it across the screen (usually over some other 
0 lect), and let go, and the application should take the appropriate action. In many Computer 
fil6?rating systems, this is a common way to delete a file from the desktop; you just drag the 
t s Icon to the trash-bin icon, and the file gets deleted. In Android, you may have seen how 

re3rrange icons on the home screen by dragging them to new locations or to the trash.

Jls chapter is going to go in depth into drag and drop. Prior to Android 3.0, developers 
m re on their own when it came to drag and drop. But because there are still quite a few 
ty nes out there running Android 2.3, well show you how to do drag and drop on them. 

show you the old way in the first section of this chapter, and then we'll show you the 
way in the second part.

^Ploring Drag and Drop
। 'his next example application, we’re going to take a white dot and drag it to a new

. 'n our user interface. We’re also going to place three counters in our user interface, 
lf the user drags the white dot to one of the counters, that counter will increment and 

$Cr ^ct will return back to its starting place, lf the dot is dragged somewhere else on the 
6en, we’ll just leave it there.

^ote See the "References” section at the end of this chapter for the URL from which you can 
lrnport these projects into your IDE directly. Weil only show codę in the text to explain concepts. 
You'11 need to download the codę to create a working example application.

519
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The first sample application for this chapter is called TouchDragDemo. There are two key 
files we want to talk about in this section:

■ /res/layout/main.xml
■ /src/com/androidbook/touch/dragdemo/Dot.java

The main.xml file contains our layout for the drag-and-drop demo. It is shown in Listing 23- , 
Some of the key concepts we want you to notice are the use of a FrameLayout as the top-|e 
layout, inside of which is a LinearLayout containing TextViews and a custom View class 
called Dot. Because the LinearLayout and Dot coexist within the FrameLayout, their P°sl 
and sizes don’t really impact each other, but they will be sharing the screen real estate, 
on top of the other. The Ul for this application is shown in Figurę 23-1.

Listing 23-1. Example Layout XML for Our Drag Example
<?xml version="1.0" encoding="utf-8"?>
<!-- This file is res/layout/main.xml -->
<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="match_parent"
android:layout_height="match_parent"
android:background="#0000ff" >

<LinearLayout android:id="@+id/counters"
android:orientation="vertical"
android:layout_width="match_parent" 
android:layout_height="match_parent" >

<TextView android:id="@+id/top" android:text="0"
android:background="#llllll"
android:layout_height="wrap_content"
android:layout_width="6Odp"
android:layout_gravity="right"
android:layout_marginTop="30dp"
android:layout_marginBottom="30dp"
android:padding="10dp" />

<TextView android:id="@+id/middle" android:text="0"
android:background="#llllll"
android:layout_height="wrap_content"
android:layout_width="60dp"
android:layout_gravity="right"
android:layout_marginBottom="30dp"
android:padding=''10dp" />

<TextView android:id="@+id/bottom" android:text="0"
android:background="#llllll"
android:layout_height="wrap_content"
android:layout_width="6Odp"
android:layout_gravity="right"
android:padding="10dp" />

</LinearLayout>

http://schemas.android.com/apk/res/android
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<Com.androidbook.touch.dragdemo.Dot android:id="@+id/dot"
android:layout_width="match_parent"
android:layout Jieight="match_parent" />

</FrameLayout>

Surę 23. j Uger jnterface for Touc^uragDemo

Pack ^at name in the layout XML file for the Dot element must match the
from9^6 name you use for your application. As mentioned, the layout of Dot is separated 
Sc ^e LinearLayout. This is because we want the freedom to move the dot around the 

erL which is why we chose the layout_width and layout_height of "match_parent".
our r? ^raw the dot on the screen> we want it to be visible, and if we constrict the size of 
fr0 ot s view to the diameter of the dot, we won’t be able to see it when we drag it away 

°ur starting place.

^te Technically, we could set android: clipChildren to true in the FrameLayout tag and 
Set the layout width and height of the dot to wrap_content, but that doesn't feel as clean.

Shd690^ of the counters, we simply lay them out with a background, padding, margins, 
off ^^ity to get them to show up along the right-hand side of the screen. We start them 
overt2er°’ but as you’ll soon see, we'll be incrementing those values as dots are dragged 

0 them. Although we chose to use TextViews in this example, you could use just 
in ।. any View object as a drop target. Now we will look at the Java code for our Dot class 

^sting 23.2.
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Listing 23-2. Java Codę for OurDot Class
public class Dot extends View {

private static finał String TAG = "TouchDrag";
private float left = 0;
private float top = 0;
private float radius = 20;
private float offsetX;
private float offsetY;
private Paint myPaint;
private Context myContext;

public Dot(Context context, AttributeSet attrs) { 
super(context, attrs);

U Save the context (the activity) 
myContext = context;

myPaint = new Paint();
myPaint.setColor(Color.WHITE);
myPaint.setAntiAlias(true);

}

public boolean onTouchEvent(MotionEvent event) {
int action = event.getAction();
float eventX = event.getX();
float eventY = event.getY();
switch(action) {
case MotionEvent.ACTION_DOWN:

// First make surę the touch is on our dot,
II sińce the size of the dot's view is
II technically the whole layout. If the
II touch is *not* within, then return false
II indicating we don’t want any more events.
if( !(left-20 < eventX && eventX < left+radius*2+20 && 

top-20 < eventY && eventY < top+radius*2+20)) 
return false;

II Remember the offset of the touch as compared
II to our left and top edges.
offsetX = eventX - left;
offsetY = eventY - top;
break;

case MotionEvent.ACTION_MOVE:
case MotionEvent.ACTION_UP:
case MotionEvent.ACTION_CANCEL:

left = eventX - offsetX;
top = eventY - offsetY;
if(action == MotionEvent.ACTION_UP) { 

checkDrop(eventX, eventY);
}
break;
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}
invalidate();
return true;

Private void checkDrop(float x, float y) {
II See if the x,y of our drop location is near to
II one of our counters. If so, increment it, and
II reset the dot back to its starting position
Log.v(TAG, "checking drop target for " + x + ", " + y);

int viewCount = ((MainActivity)myContext).counterLayout 
.getChildCount();

for(int i = o; icviewCount; i++) {
View view = ((MainActivity)myContext).counterLayout 

.getChildAt(i);
if(view.getClass() == TextView.class){

Log.v(TAG, "Is the drop to the right of " + 
(view.getLeft()-20));

Log.v(TAG, " and vertically between " + 
(view.getTop()-20) +
" and " + (view.getBottom()+20) + "?");

if(x > view.getLeft()-20 &&
view.getTop()-20 < y &&
y < view.getBottom()+20) { 

Log.v(TAG, " Yes. Yes it is.");

II Increase the count value in the TextView by one 
int count =

Integer.parselnt(
((TextView)view).getText().toString());

((TextView)view).setText(String.valueOf( ++count ));

// Reset the dot back to starting position
left = top = 0;
break;

^^lic void draw(Canvas canvas) {
} canvas.drawCircle(left + radius, top + radius, radius, myPaint);

Wh
to^ run this application, you will see a white dot on a blue background. You can 
Wh6r he dot and drag it around the screen. When you lift your finger, the dot stays 
the is.until y°u touch it again and drag it somewhere else. The draw() method puts 

'ts current location of left and top, adjusted by the dot’s radius. By receiving
by t^ objects in the onTouchEvent() method, we can modify the left and top values 

Cement of our touch.
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Because the user won’t always touch the exact center of the object, the touch coordina 
will not be the same as the location coordinates of the object. That is the purpose of the 
offset values: to get us back to the left and top edges of our dot from the position of th 
touch. But even before we start a drag operation, we want to be surę that the user’s to 
is considered close enough to the dot to be valid. If the user touches the screen far aw y 
from the dot, which is technically within the view layout of the dot, we don’t want that 
start a drag sequence. That is why we look to see if the touch is within the white dot its ' 
if it is not, we simply return false, which prevents receiving any morę touch events in 
touch sequence.
When your finger starts moving across the screen, we adjust the location of the object 
by the deltas in x and y based on the MotionEvents that we get. When you stop moving 
(ACTI0N_UP), we finalize our location using the last coordinates of your touch. We don’t 
have to worry about scrollbars in this example, which could complicate the calculation o 
the object’s position of our object on the screen. But the basie principle is still the same- 
By knowing the starting location of the object to be moved and keeping track of the de> a 
values of a touch from ACTI0N_D0WN through to ACTI0N_UP, we can adjust the location of 
object on the screen.
Dropping an object onto another object on the screen has much less to do with touch than 
it does with knowing where things are on the screen. As we drag an object around the 
screen, we are aware of its position relative to one or morę reference points. We can ala° 
interrogate objects on the screen for their locations and sizes. We can then determine n 
dragged object is “over” another object. The typical process of figuring out a drop tar9e □ 
for a dragged object is to iterate through the available objects that can be dropped °n a 
determine if our current position overlaps with that object. Each object’s size and positi° 
(and sometimes shape) can be used to make this determination. If we get an ACTIONJJP 
event, meaning that the user has let go of our dragged object, and the object is over 
something we can drop onto, we can fire the logie to process the drop action.
We used this approach in our sample application. When the ACTION_UP action is detec 
we then look through the child views of the LinearLayout, and for each TextView that is 
found, we compare the location of the touch to the edges of the TextView (plus a little 
bit extra). If the touch is within that TextView, we grab the current numeric value of the 
TextView, inerement it by one, and write it back. If this happens, the position of the dot i 
reset back to its starting place (left = 0, top = 0) for the next drag.

Our example shows you the basics of a way to do drag and drop in Android prior to o- _ 
With this you could implement drag-and-drop features in your application. This migdt 
action of dragging something to the trash can, where the object being dragged should 
deleted, or it could be dragging a file to a folder for the purposes of moving or copyioS gts 
To embellish your application, you could pre-identify which views are potential dropta » 
and cause them to visually change as a drag starts. If you wanted the dragged object jt 
disappear from the screen when it is dropped, you could always programmatically rem 
from the layout (see the various removeView methods in ViewGroup).
Now that you’ve seen the hard way to do drag and drop, we’d like to show you the dmO 
and-drop support that was added in Android 3.0.
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^sics of Drag and Drop in 3.0+
Pi

'or to Android 3.0, there was no direct support for drag and drop. You learned in the first 
®ction of this chapter how to drag a View around the screen; you also learned that it was 
°ssible to use the current location of the dragged object to determine if there was a drop 
r9et underneath. When the MotionEvent for the finger-up event was received, your codę 
did figure out if that meant a drop had occurred. Although this was doable, it certainly 

asn’t as easy as having direct support in Android for the drag-and-drop operation. You 
°w have that direct support.

At t'ts most basie, the drag-and-drop operation starts with a view declaring that a drag has 
v aded; then all interested parties watch the drag take place until the drop event is fired. lf a 

catches the drop event and wants to receive it, then a drag and drop has just occurred.
here is no view to receive the drop, or if the view that receives it doesn’t want it, then no 
°P takes place. Dragging is communicated through the use of a DragEvent object, which is 
Ssed to all of the drag listeners available.

^hin the DragEvent object are descriptors for lots of information, depending on the initiator 
the drag sequence. For example, the DragEvent can contain object references to the

p ^tor itself, state information, textual data, URIs, or pretty much whatever you want to 
Ss through the drag sequence.

^Tnation could be passed that results in view-to-view dynamie communication; however, the 
'Sinator data in a DragEvent object is set when the DragEvent is created, and it stays the same 

'n addition to this data, the DragEvent has an action value indicating what is going on 
h drag sequence, and location information indicating where the drag is on the screen.

ragEvent has six possible actions:

ACTION_DRAG_STARTED indicates that a new drag sequence has begun.

ACTION_DRAG_ENTERED indicates that the dragged object has been 
dragged into the boundaries of a specific view.

ACTI0N_DRAG_L0CATI0N indicates that the dragged object has been 
dragged on the screen to a new location.

ACTION_DRAG_EXITED indicates that the dragged object has been 
dragged outside the boundaries of a specific view.

ACTI0N_DR0P indicates that the user has let go of the dragged object. It is 
up to the receiver of this event to determine whether this truły means a 
drop has occurred.

ACTION_DRAG_ENDED tells all drag listeners that the previous drag 
sequence has ended. The DragEvent.getResult() method indicates a 
successful drop or failure.

^ight think that you need to set up a drag listener on each view in the system that
ąk a Participate in a drag sequence; but, in fact, you can define a drag listener on just 

ut anything in your application, and it will receive all of the drag events for all views in
to k^tem. This can make things a little confusing because the drag listener does not need 

® associated with either the object being dragged or the drop target. The listener can 
a9e all of the coordination of the drag and drop.
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In fact, if you inspect the drag-and-drop example project that comes with the Android SDK, 
you will see that it sets up a listener on a TextView that has nothing to do with the actual 
dragging and dropping. The upcoming example project uses drag listeners that are tied to 
specific views. These drag listeners each receive a DragEvent object for the drag events 
that occur in the drag sequence. This means a view could receive a DragEvent object that 
can be ignored because it is really about a different view. This also means the drag listen6'' 
must make that determination in code and that there must be enough information within tn 
DragEvent object for the drag listener to figurę out what to do.

If a drag listener got a DragEvent object that merely said there’s an unknown object being $ 
dragged and ifs at coordinates (15, 57), there isn’t much the drag listener can do with it- 1 
much more helpful to get a DragEvent object that says a particular object is being dragged’ 
ifs at coordinates (15, 57), ifs a copy operation, and the data is a specific URI. When that 
drops, there’s enough information to be able to initiate a copy operation.

We’re actually seeing two different kinds of dragging going on. In our first example 
application, we dragged a view across a frame layout, and we could let go and that view 
would stay where it was. We only got drag-and-drop behavior when we dropped our view 
on top of something else. The supported form of drag and drop works differently than this- * 
Now, when you drag a view as part of a drag-and-drop sequence, the dragged view does 
move at all. We get a shadow image of the dragged view which does travel across the . 
screen, but if we let go of it, that shadow view goes away. What this means is that you m'9 
still have occasion to use the technique from the beginning of this chapter in an Android 
3.0+ application, to move images around on the screen perhaps, without necessarily do^y 
drag and drop.

Drag-and-Drop Example Application
For your next example application, you’re going to employ a staple of 3.0, the fragment- te 
This, among other things, will prove that drags can cross fragment boundaries. You’H crea^ 
a palette of dots on the left and a square target on the right. When a dot is grabbed usinS^ 
long click, you’II change the color of that dot in the palette and Android will show a shaclo 
of the dot as you drag. When the dragged dot reaches the square target, the target will b y 
to glow. If you drop the dot on the square target, a message will indicate that you’ve just 
added one more drop to the drop count, the glowing will stop, and the original dot will 9° 
back to its original color.

List of Files
This application builds upon concepts we’ve covered throughout this book. We’re only 
to include the interesting files in the text. For the others, just look at them in your IDE & 
leisure. Here are the ones that we’ve included in the text:

■ palette.xml is the fragment layout for the dots on the left side (see 
Listing 23-3).

■ dropzone.xml is the fragment layout for the square target on the right 
side, plus the drop-count message (see Listing 23-4).
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DropZone.java inflates the dropzone.xml fragment layout file and then
implements the drag listener for the drop target (see Listing 23-5).

Dot.java is your custom view class for the objects you’re going to drag. 
It handles beginning the drag sequence, watching drag events, and 
drawing the dots (see Listing 23-6).

^■ng Out the Example Drag-and-Drop Application
efore we get into the code, Figure 23-2 shows what the application will look like.

9ure 23-2. Drag Drop Frags example application user interface

layout file has a simple horizontal linear layout and two fragment specifications. 
lrst fragment will be for the palette of dots and the second will be for the dropzone.

reprPalette fragment layout file (Listing 23-3) gets a bit morę interesting. Although this layout 
^ill LSents a fragment, you don’t need to include a fragment tag within this layout. This layout

6 ihflated to become the view hierarchy for your palette fragment. The dots are specified 
Storn dots, and there are two °f them arranged vertically. Notice that there are a couple of 

s6e XML attributes in the definition of your dots (dot:color and dot:radius). As you can 
Wth Se ^tributes specify the color and the radius of your dots. You might also have noticed

6 layout width and height are wrap_content, not match_parent as in the earlier example 
ICation in this chapter. The new drag-and-drop support makes things much easier.
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Listing 23-3. The palette. xml Layout File for the Dots
<?xml version="1.0" encoding="utf-8"?>
<!-- This file is res/layout/palette.xml -->
cLinearLayout

xmlns:android="http://schemas.android.com/apk/res/android" 
xmlns:dot=

"http://schemas.android.com/apk/res/com.androidbook.drag.drop.demo" 
android:layout_width="match_parent"
android:layout_height="match_parent"
android:orientation="vertical">

<com.androidbook.drag.drop.demo.Dot android:id="@+id/dotl" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:padding="30dp" 
android:tag="Blue dot" 
dot:color="#ffllllff" 
dot:radius="2Odp" />

<com.androidbook.drag.drop.demo.Dot android:id="@+id/dot2" 
android:layout_width="wrap_content" 
android:layout_height="wrap_content" 
android:padding="10dp" 
android:tag="White dot" 
dot:color="#ffffffff"
dot:radius="4Odp" /> 

</LinearLayout>

The dropzone fragment layout file in Listing 23-4 is also easy to understand. There’s a 9re 
square and a text message arranged horizontally. This will be the dropzone for the dots 
you’ll be dragging. The text message will be used to display a running count of the drop •

Listing 23-4. The dropzone. xml Layout File
<?xml version="1.0" encoding="utf-8"?>
<!-- This file is res/layout/dropzone.xml -->
cLinearLayout

xmlns:android="http://schemas.android.com/apk/res/android"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:orientation="horizontal" >

<View android:id="@+id/droptarget" 
android:layout_width="75dp" 
android:layout_height="75dp"
android:layout_gravity="center_vertical"  
android:background="#OOffOO" />

http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/com.androidbook.drag.drop.demo
http://schemas.android.com/apk/res/android
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<^extView android :id="@+id/dropmessage"
android:text="o drops"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_gravity="center_vertical"
android:paddingLeft="5Odp"
android:textSize="17sp" />

</LinearLayout>

^esPonding to onDrag in the Dropzone
^at you have the main application layout set, let’s see how the drop target needs to be 

9anized by examining Listing 23-5.

23-5. The DropZone .java File
Ptlblir -T _

ciass DropZone extends Fragment {

Private View dropTarget;
Private TextView dropMessage;

@°verride
Public View onCreateView(Layoutlnflater inflater,

ViewGroup Container, Bundle icicle)

View v = inflater.inflate(R.layout.dropzone, Container, false);

dropMessage = (TextView)v.findViewById(R.id.dropmessage);

dropTarget = (View)v.findViewById(R.id.droptarget);
dropTarget.setOnDragListener(new View.OnDragListener() {

private static finał String DROPTAG = "DropTarget";
private int dropCount = 0;
private ObjectAnimator anim;

public boolean onDrag(View v, DragEvent event) {
int action = event.getAction();
boolean result = true;
switch(action) {
case DragEvent.ACTION_DRAG_STARTED:

Log.v(DROPTAG, "drag started in dropTarget");
break;

case DragEvent.ACTION_DRAG_ENTERED:
Log.v(DROPTAG, "drag entered dropTarget");
anim = ObjectAnimator.ofFloat(

(Object)v, "alpha", if, 0.5f);
anim.setlnterpolator(new CycleInterpolator(4O));
anim.setDuration(30*1000); II 30 seconds
anim.start();
break;
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case DragEvent.ACTION_DRAG_EXITED:
Log.v(DROPTAG, "drag exited dropTarget");
if(anim != nuli) {

anim.end();
anim = nuli;

}
break;

case DragEvent.ACTION_DRAG_LOCATION:
Log.v(DROPTAG, "drag proceeding in dropTarget: " + 

event.getX() + ", " + event.getY());
break;

case DragEvent.ACTION_DROP:
Log.v(DROPTAG, "drag drop in dropTarget");
if(anim 1= nuli) { 

anim.end(); 
anim = nuli;

}

ClipData data = event.getClipData();
Log.v(DROPTAG, "Item data is " + 

data.getltemAt(o).getText());

dropCount++;
String message = dropCount + " drop";
if(dropCount > 1)

message += "s";
dropMessage.setText(message);
break;

case DragEvent.ACTION_DRAG_ENDED:
Log.v(DROPTAG, "drag ended in dropTarget"); 
if(anim != nuli) {

anim.end();
anim = nuli;

}
break;

default:
Log.v(DROPTAG, "other action in dropzone: " + 

action);
result = false;

}
return result;

}
});
return v;

th® Now you’re starting to get into interesting code. For the dropzone, you need to create 
target upon which you want to drag the dots. As you saw earlier, the layout specifies a g 
green square on the screen with a text message next to it. Because the dropzone is 
fragment, you’re overriding the onCreateView() method of DropZone. The first thing t0 t 
is inflate the dropzone layout and then extract out the view reference for the square 
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on thTar^et^ and for the text messa9e (dropMessage). Then you need to set up a drag listener 
he target so it will know when a drag is underway.

r$ e dr°P-target drag listener has a single callback method in it: onDrag(). This callback will 
tha^tVe a v'ew reference as well as a DragEvent object. The view reference relates to the view 
to th he DragEvent is related to. As mentioned, the drag listener is not necessarily connected 
for tV'eW w'" be interacting with the drag event, so this callback must identify the view

which the drag event is taking place.

fro2°f tlle first things you likely want to do in any onDragO callback is read the action 
thin Dra?Event object. This will tell you whafs going on. For the most part, the only 

y°U Want to do in this callback is i°g the fact that a drag event is taking place. You 
need to actually do anything for ACTI0N_DRAG_L0CATI0N, for example. But you do

^CTTn° 11976 some special logie for when the object is dragged within your boundaries 
yOu ^RAG.ENTERED) that will be turned off either when the object is dragged outside of 

boundaries (ACTION_DRAG_EXITED) or when the object is dropped (ACTI0N_DR0P).

Usip^ Us'n9 the ObjectAnimator class that was introduced in Chapter 18, only here you’re 
ha^th 'n C°de to specify a oyolio interpolator that modifies the targefs alpha. This will 
vjSu . effect of pulsing the transparency of the green target square, which will be the 
turn lnd'cati°n that the target is willing to accept a drop of the object onto it. Because you 
ęjro °n tbe animation, you must make surę to also turn it off when the object leaves or is 
on J?ed. or the drag and drop is ended. In theory, you shouldn’t need to stop the animation 

ION_DRAG_ENDED, but ifs wise to do it anyway.
th'

EXn particular drag listener, you’re going to get ACTION_DRAG_ENTERED and ACTION_DRAG_ 
as y0 ,On'y 'f the dragged object interacts with the view with which you’re associated. And 
your ? 1 S6e’ the ACTION DRAG LOCATION events happen only if the dragged object is inside 

Target view.

the otber interesting condition is the ACTI0N_DR0P itself (notice that DRAG_ is not part of 
the do?16 °f ^is action). lf a drop has occurred on your view, it means the user has let go of 
gre6n °Ver the green square. Because you’re expecting this object to be dropped on the 
LogCaxd|Uare’ y°u can just go ahead and read the data from the first item and then log it to 
that is n a Prociuction application, you might pay closer attention to the ClipData object 
ever, Cor|fained in the drag event itself. By inspecting its properties, you could decide if you 

ant to accept the drop or not.
his q

bepend.9°od tirne to point out the result boolean in this onDragO callback method.
drag ev ln9 on bow things go, you want to let Android know either that you took care of the 
you w 6nt (by returning true) or that you didn’t (by returning false). lf you don’t see what 
callbaCk t0 See inside °f the drag event object, you could certainly return false from this 
q > which would tell Android that this drop was not handled.
^Ps^011 information from the drag event in LogCat, you inerement the count of the 
li eceived; this is updated in the user interface, and thafs about it for DropZone.

dea?^ ^'S c'ass over> 't’s really rather simple. You don’t actually have any codę in here 
^hether Wltb M°tionEvents, nor do you even need to make your own determination of 
'Jnfolds ere 's a drag going on. You just get appropriate callback calls as a drag seguence
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Setting Up the Drag Source Views
Let’s now consider how views corresponding to a drag source are organized, starting by 
looking at Listing 23-6.

Listing 23-6. The Java for the Custom View:Dot
public class Dot extends View

implements View.OnDragListener
{

private static finał int DEFAULT_RADIUS = 20;
private static finał int DEFAULT_COLOR = Color.WHITE;
private static finał int SELECTED_COLOR = Color.MAGENTA;
protected static finał String DOTTAG = "DragDot";
private Paint mNormalPaint;
private Paint mDraggingPaint;
private int mColor = DEFAULT_COLOR;
private int mRadius = DEFAULT_RADIUS;
private boolean inDrag;

public Dot(Context context, AttributeSet attrs) { 
super(context, attrs);

// Apply attribute settings from the layout file.
// Notę: these could change on a reconfiguration
// such as a screen rotation.
TypedArray myAttrs = context.obtainStyledAttributes(attrs,

R.styleable.Dot);

finał int numAttrs = myAttrs.getIndexCount();
for (int i = 0; i < numAttrs; i++) {

int attr = myAttrs.getlndex(i);
switch (attr) {
case R.styleable.Dot_radius:

mRadius = myAttrs.getDimensionPixelSize(attr,
DEFAULT_RADIUS);

break;
case R.styleable.Dot_color:

mColor = myAttrs.getColor(attr, DEFAULT_COLOR);
break;

}
}
myAttrs.recycle();

// Setup paint colors
mNormalPaint = new Paint();
mNormalPaint.setColor(mColor);
mNormalPaint.setAntiAlias(true);

mDraggingPaint = new Paint();
mDraggingPaint.setColor(SE LECTED_COLOR);
mDraggingPaint.setAntiAlias(true);
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H Start a drag on a long click on the dot 
setOnLongClickListener(lcListener); 
setOnDragListener(this);

Priyate static View.OnLongClickListener IcListener = 
new View.OnLongClickListener() { 
priyate boolean mDraglnProgress;

public boolean onLongClick(View v) {
ClipData data =
ClipData.newPlainText("DragData", (String)v.getTag());

mDraglnProgress =
v.startDrag(data, new View.DragShadowBuilder(v), 

(Object)v, 0);

Log.v((String) v.getTag(),
"starting drag? " + mDraglnProgress);

return true;

Wverride
Protected void onMeasure(int widthSpec, int heightSpec) { 

int size = 2*mRadius + getPaddingLeft() + getPaddingRight();
setMeasuredDimension(size, size);

The dragging functionality
Puolic boolean onDrag(View v, DragEvent event) {

String dotTAG = (String) getTagO;
II Only worry about drag events if this is us being dragged 
if(event.getLocalState() 1= this) {

Log.v(dotTAG, "This drag event is not for us");
return false;

}
boolean result = true;

11 get event yalues to work with
int action = event.getAction();
float x = event.getX();
float y = event.getY();

switch(action) {
case DragEvent.ACTION_DRAG_STARTED:

Log.v(dotTAG, "drag started. X: " + x + ", Y: " + y); 
inDrag = true; // used in draw() below to change color 
break;
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case DragEvent.ACTION_DRAG_LOCATION:
Log.v(dotTAG, "drag proceeding... At: + x + ", " + y); 
break;

case DragEvent.ACTION_DRAG_ENTERED:
Log.v(dotTAG, "drag entered. At: " + x + ", " + y);
break;

case DragEvent.ACTION_DRAG_EXITED:
Log.v(dotTAG, "drag exited. At: " + x + ", " + y);
break;

case DragEvent.ACTION_DROP:
Log.v(dotTAG, "drag dropped. At: " + x + ", " + y);
II Return false because we don't accept the drop in Dot.
result = false;
break;

case DragEvent.ACTION_DRAG_ENDED:
Log.v(dotTAG, "drag ended. Success? " + event.getResult());
inDrag = false; // change color of original dot back 
break;

default:
Log.v(dotTAG, "some other drag action: " + action);
result = false;
break;

}
return result;

)

II Here is where you draw our dot, and where you change the color if
// you're in the process of being dragged. Notę: the color change
II affects the original dot only, not the shadow.
public void draw(Canvas canvas) {

float cx = this.getWidth()/2 + getLeftPaddingOffset();
float cy = this.getHeight()/2 + getTopPaddingOffset();
Paint paint = mNormalPaint;
if(inDrag)

paint = mDraggingPaint;
canvas.drawCircle(cx, cy, mRadius, paint); 
invalidate();

}
}

The Dot code looks somewhat similar to the code for DropZone. This is in part because 
you’re also receiving drag events in this class. The constructor for a Dot figures out the 
attributes in order to set the correct radius and color, and then it sets up the two listenei'5- 
one for long clicks and another for the drag events.

The two paints are going to be used to draw your circle. You use the normal paint when 
the dot is just sitting there. But when the dot is being dragged, you want to indicate that 
changing the color of the original to magenta.
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e long-click listener is where you initiate a drag sequence. The only way you let the user
. dragging a dot is if the user clicks and holds on a dot. When the long-click listener
। lr'ng, you create a new ClipData object using a string and the dot’s tag. You happen

^ow that the tag is the name of the dot as specified in the XML layout file. There are
. Veral other ways to specify data into a ClipData object, so feel free to read the reference

cumentation on other ways to storę data in a ClipData object. 
Th

6 next statement is the critical one: startDrag(). This is where Android will take over 
fr $ start the process of dragging. Notę that the first argument is the ClipData object 

OfT1 before; then ifs the drag-shadow object, then a local-state object, and finally the 
Urhber zero.

I^e drag-shadow object is the image that will be displayed as the dragging is taking place. 
ofy°Ur case, this does not replace the original dot image on the screen but shows a shadow 

a ciot as the dragging is taking place, in addition to the original dot on the screen. The
0. DragShadowBuilder behavior is to create a shadow that looks very much like the 
^9'hal, so for your purposes, you merely cali it and pass in your view. You can get fancy 

r® and create whatever sort of shadow view you want, but if you do override this class, 
u 11 need to implement a few methods to make it work.

vi e °nMeasure() method is here to supply dimension information to Android for the custom 
। you’re using here. You have to tell Android how big your view is so it knows how to lay 

ut with everything efse. This is standard practice for a custom view.

there’s the onDrag() callback. As mentioned, each drag listener can receive drag 
6^Dts. They all get ACTION_DRAG_STARTED and ACTION_DRAG_ENDED, for example. So, when 
tvi/Q happen, you must be careful what you do with the information. Because there are 
f. dots in play in this example application, whenever you do something with the dots, you 

1 be careful that you’re affecting the correct one.

ijs n both dots receive the ACTION_DRAG_STARTED action, only one should set the color of 
in ' to magenta. To figure out which one is correct, compare the local State object passed 

yourself. If you look back where you set the local-state object, you passed the current 
to ? ln; n°w, when you’ve received the local-state object out, you compare it to yourself 

6e if you’re the view that initiated the drag sequence.
If \l_
yQu u aren’t the same view, you write a log message to LogCat saying this is not for you, and 

return false to say you’re not handling this message.

theare *he view that should be receiving this drag event, you collect some values from 
ra9 event, then you mostly just log the event to LogCat. The first exception to this is 
^DRag_STARTED. If you got this action and ifs for you, you then know that your dot has 
h a drag sequence. Therefore, you set the inDrag boolean so the draw() method later 

Until a d°r'ght thing and dlsPlay a different-colored dot. This different color only lasts 
AcHON_DRAG_ENDED is received, at which time you restore the original color of the dot.

^^yb $e*S A(-TION_DROP action, this means the user tried to drop a dot on a dot— 
Cą/ e even the original dot. This shouldn’t do anything, so you just return false from this 

ack in this case.
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Finally, the draw() method of your custom view figures out the location of the center p°in ,g
of your circle (dot) and then draws it with the appropriate paint. The invalidate() metho
there to tell Android that you’ve modified the view and that Android should redraw the use
interface. By calling invalidate(), you ensure that the user interface will be updated very
shortly with whatever is new.

You now have all the files and the background necessary to compile and deploy this 
example drag-and-drop application.

Testing the Example Drag-and-Drop Application
Following is some example output from LogCat when we ran this example application. 
Notice how the log message used Blue dot to indicate messages from the blue dot, Whi 
dot for messages from the white dot, and DropTarget for the view where the drops are 
allowed to go.

White dot: starting drag? true
Blue dot: This drag event is not for us
White dot: drag started. X: 53.0, Y: 206.0
DropTarget: drag started in dropTarget
DropTarget: drag entered dropTarget
DropTarget: drag proceeding in dropTarget: 29.0, 36.0
DropTarget: drag proceeding in dropTarget: 48.0, 39.0
DropTarget: drag proceeding in dropTarget: 45.0, 39.0
DropTarget: drag proceeding in dropTarget: 41.0, 39.0
DropTarget: drag proceeding in dropTarget: 40.0, 39.0
DropTarget: drag drop in dropTarget
DropTarget: Item data is White dot
ViewRoot: Reporting drop result: true
White dot: drag ended. Success? true
Blue dot: This drag event is not for us
DropTarget: drag ended in dropTarget

In this particular case, the drag was started with the white dot. Once the long click has 
triggered the beginning of the drag sequence, we get the starting drag message.

Notice how the next three lines all indicate that an ACTION_DRAG_STARTED action was 
in three different views. Blue dot determined that the callback was not for it. It was also 
for DropTarget.

Next, notice how the drag-proceeding messages show the drag happening through $ 
DropTarget, beginning with the ACTION_DRAG_ENTERED action. This means the dot was b 
dragged on top of the green square. The x and y coordinates reported in the drag eveh 
object are the coordinates of the drag point relative to the upper-left corner of the 
in the example app, the first record of the drag in the drop target is at (x, y) = (29, 36), 3 
the drop occurred at (40, 39). See how the drop target was able to extract the tag nam 
the white dot from the event’s ClipData to write it to LogCat.
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see how once again, all drag listeners received the ACTION_DRAG_ENDED action. Only 
"ite dot determined that ifs okay to display the results using getResult().

free to experiment with this example application. Drag a dot to the other dot, or even 
। 'tself. Go ahead and add another dot to palette.xml. Notice how when the dragged dot 

a^es the green square, there’s a message saying that the drag exited. Notę also that if you 
°P a dot somewhere other than the green square, the drop is considered failed.

^ferences
^ere are some helpful references to topics you may wish to explore further:

www.androidbook.com/proandroid5/projects: A list of downloadable 
projects related to this book. For this chapter, look for a zip file called 
ProAndroid5_Ch23_DragnDrop.zip. This zip file contains all the projects 
from this chapter, listed in separate root directories. There is also a 
README.TXT file that describes exactly how to import projects into your 
IDE from one of these zip files.

■ http://developer.android.com/guide/topics/ui/drag-drop.html: The 
Android developer’s guide to drag and drop.

Sumary
let\ c

* summarize the topics covered in this chapter:

Drag-and-drop support in Android 3.0, and implementing it prior to 3.0 
using other methods

Iterating through possible drop targets to see if a drop (that is, finger 
leaving the screen after dragging) occurred

The difficulty of doing the math to keep track of where a dragged object 
is and whether ifs over a drop target

Drag-and-drop support in Android 3.0+, which is much nicer because it 
eliminates a lot of guesswork

Drag listeners, which can be any objects and do not need to be 
draggables or drop-target views

The fact that a drag can occur across fragments

• The DragEvent object, which can contain lots of great information about 
what is being dragged and why

How Android takes care of the math to determine whether a drop is 
occurring on top of a view

http://www.androidbook.com/proandroid5/projects
http://developer.android.com/guide/topics/ui/drag-drop.html


Chapter

Using Sensors
fOr r°'d devices often come with hardware sensors built in, and Android provides a framework 
^at w'^ those sensors. Sensors can be fun. Measuring the outside world and using 
<j0 'n s°ftware in a device is pretty cool. It is the kind of programming experience you just 
new $et On a reSular Computer that sits on a desk or in a server room. The possibilities for 
। aPplications that use sensors are huge, and we hope you are inspired to realize them. 
an^h Chapter> we’^ OKPiore the Android sensor framework. We’ll explain what sensors are 
9et f °W We 9e* sensor data, and then discuss some specifies of the kinds of data we can 
ty./0- sensors and what we can do with it. While Android has defined several sensor 
s6riss already, there are no doubt more sensors in Android’s futurę, and we expect that futurę 

Ors will get incorporated into the sensor framework.

Is a Sensor?
a sensor is a source of data events from the physical world. This is typically a 

sens °f Hardware that has been wired into the device, but Android also provides some logical 
^t combine data from multiple physical sensors. Applications in turn use the sensor 

reaiitv° 'nf°rm the user about the physical world, to control gamę play, to do augmented 
dire^’ Or to Provide useful tools for working in the real world. Sensors operate in one 
listen l0n On|y; they’re read-only. That makes using them fairly straightforward. You set up a 
is ij/./ rece've sensor data, and then you process the data as it comes in. GPS hardware 
loCati sens°rs we cover in this chapter. In Chapter 19, we set up listeners for GPS 
Gpg °n uPdates, and we processed those location updates as they came in. But although 

s similar to a sensor, it is not part of the sensor framework that is provided by Android.
of +uIne sensor types that can appear in an Android device include

Light sensor

Proximity sensor

Temperaturę sensor

Pressure sensor

539
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■ Gyroscope sensor

■ Accelerometer

■ Magnetic field sensor

■ Gravity sensor

■ Linear acceleration sensor

■ Rotation vector sensor

■ Relative humidity sensor

Detecting Sensors
Please don’t assume, however, that all Android devices have all of these sensors. In ^act^n|y 
many devices have just some of these sensors. The Android emulator, for example, has 
an accelerometer. So how do you know which sensors are available on a device? There 
two ways, one direct and one indirect.
The first way is that you ask the SensorManager for a list of the available sensors. It will 
respond with a list of sensor objects that you can then set up listeners for and get data 
from. Weil show you how a bit later in this chapter. This method assumes that the user 
already installed your application onto a device, but what if the device doesn’t have a se 
that your application needs?

can 
. if y°urc 
sucha5

Thafs where the second method comes in. Within the AndroidManifest.xml file, you 
specify the features a device must have in order to properly support your application 
application needs a proximity sensor, you specify that in your manifest file with a linę 
the following:

cuses-feature android:name="android.hardware.sensor.proximity" />
soThe Google Play Storę will only install your app on a device that has a proximity sensor, 

you know ifs there when your application runs. The same cannot be said for all other A 
app stores. That is, some Android app stores do not perform that kind of check to mak® 
your app can only be installed onto a device that supports the sensors you specify.

What Can We Know About a Sensor?
While using the uses-feature tags in the manifest file lets you know that a sensor y011^^ 
application requires exists on a device, it doesn’t tell you everything you may want to 
about the actual sensor. Lefs build a simple application that queries the device for se 
information. Listing 24-1 shows the Java codę of our MainActivity.

Notę You can download this chapter’s projects. We will give you the URL at the end of the chapter 

This will allow you to import these projects into your IDE directly.
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^^24-1. Java for a Sensor Ust App

u^lic class MainActivity extends Activity {
@0verride
Public void onCreate(Bundle saved!nstanceState) {

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

TextView text = (TextView)findViewById(R.id.text);

SensorManager mgr =
(SensorManager) this.getSystemService(SENSOR_SERVICE);

List<Sensor> sensors = mgr.getSensorList(Sensor.TYPE_ALL);

StringBuilder message = new StringBuilder(2048);
message.append("The sensors on this device are:\n");

for(Sensor sensor : sensors) {
message.append(sensor.getName() + ”\n");
message.append(" Type: " +

sensorTypes.get(sensor.getType()) + "\n");
message.append(" Vendor: " +

sensor.getVendor() + "\n");
message.append(" Yersion: " + 

sensor.getVersion() + "\n");
try {

message.appendf' Min Delay: " + 
sensor.getMinDelay() + "\n");

} catch(NoSuchMethodError e) {} II ignore if not found 
try {

message.append(" FIFO Max Event Count: " + 
sensor.getFifoMaxEventCount() + "\n");

} catch(NoSuchMethodError e) {} II ignore if not found 
message.append(” Resolution: " + 

sensor.getResolution() + "\n");
message.append(" Max Rangę: " +

sensor.getMaximumRange() + "\n");
message.append(" Power: " + 

sensor.getPower() + " mA\n");

j text.setText(message);

Private HashMapcInteger, String> sensorTypes = 
new HashMapcInteger, String>();

{
SensorTypes.put(Sensor.TYPE_ACCELEROMETER, "TYPE_ACCELEROMETER");
sensorTypes.put(Sensor.TYPE_AMBIENT_TEMPERATURE,
/% "TYPE_AMBIENT_TEMPERATURE");

। the rest is omitted to save space ... */
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Within our onCreate() method, we start by getting a reference to the SensorManager.
There can be only one of these, so we retrieve it as a system service. We then cali its
getSensorList() method to get a list of sensors. For each sensor, we write out information
about it. The output will look something like Figurę 24-1.

• 0 V MG J ■ 1:34
| Sensor List

Gravity
Type: TYPE_GRAVITY
Vendor Cluaicomm
Yersion. 1
Min Delay: 20000
Resolution: 0.019607544
Max Rangę: 39.226593
Power: 0.011 mA

Linear Acceleration
Type: TYPE.LINEAR_ACCELERATION
Vendor: Ouąlęomm
Version: 1
Min Delay: 2Q000
Resolution: 0.019607544
Max Rangę: 39.226593
Power: 0.011 mA

Rotation Većtor
Type: TYPŁ.ROTATION_VECTOR
Vendor; Oualcomm
Version. 1
Min Delay: 2Ó000
Resolution:1 &9604645E-8
Max Rangę: 1 0
Power: 6 011 mA

CT406 Light sensor
Type: TYPEJJGHT
Yendor: TAÓS
Version: 1 .
Min Delay 0
Resolution: 1^0
Max Rangę; 27000.0
Power: 0.175mA

Figurę 24-1. Output from our sensor list app

There are a few things to know about this sensor information. The type value tells you 
the basie type of the sensor without getting specific. A light sensor is a light sensor, but 
you could get variations in light sensors from one device to another. For example, the 
resolution of a light sensor on one device could be different from that on another device. 
When you specify that your app needs a light sensor in a <uses-feature> tag, you don’t 
know in advance exactly what type of light sensor you’re going to get. If it matters to y°u 
application, you’ll need to query the device to find out and adjust your code accordingly1 

The values you get for resolution and maximum rangę will be in the appropriate units for . 
sensor. The power measurement is in milliamperes (mA) and represents the electrical our 
that the sensor draws from the device’s battery; smaller is better.

Now that we know what sensors we have available to us, how do we go about getting 
from them? As we explained earlier, we set up a listener in order to get sensor data sen 
us. Let’s explore that now.
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Fetting Sensor Events
our r°rS Prov'de data to our application once we register a listener to receive the data. When 
sure'Stener IS not listenin9-the sensor can be turned off, conserving battery life, so make 
Sa y°u °nly listen when you really need to. Setting up a sensor listener is easy to do. Lets 
ja We want to measure the light levels from the light sensor. Listing 24-2 shows the 

a code for a sample app that does this.
LlStina O A o

Java Codę for a Light Sensor Monitor App
Public rl

ciass MainActivity extends Activity implements SensorEventListener {
Private SensorManager mgr;
prwate Sensor light;
Private TextView text;
rivate StringBuilder msg = new StringBuilder(2O48);

@0verride
Public void onCreate(Bundle saved!nstanceState) {

Super,onCreate(saved!nstanceState);
setContentView(R.layout.main);

^r = (SensorManager) this.getSystemService(SENSOR_SERVICE);
light = mgr.getDefaultSensor(Sensor.TYPE_LIGHT);

j text = (TextView) findViewBy!d(R.id.text);

@°verride
Protected void onResume() {

mgr.registerListener(this, light,
SensorManager.SENSOR_DELAY_NORMAL);

j SuPer.onResume();

@Override
Protected void onPause() {

mgr.unregisterListener(this, light);
} super.onPause();

rc void onAccuracyChanged(Sensor sensor, int accuracy) { 
insert(o, sensor.getName() + " accuracy changed: " + 
accuracy + (accuracy==l?" (LOW)":(accuracy==2?" (MED)": 
" (HIGH)")) + "\n");

Jext.setText(msg);
} text-invalidate();
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public void onSensorChanged(SensorEvent event) {
msg.insert(O, "Got a sensor event: " + event.values[o] +
" SI lux units\n");
text.setText(msg);
text.invalidate();

}

In this sample app, we again get a reference to the SensorManager, but instead of getting 
a list of sensors, we query specifically for the light sensor. We then set up a listener in the 
onResume() method of our activity, and we unregister the listener in the onPause() method- 
We don’t want to be worrying about the light levels when our application is not in the 
foreground.
For the registerListener() method, we pass in a value representing how often we want to 
be notified of sensor value changes. This parameter could be

■ SENSOR_DELAY_NORMAL (represents 200,000 microsecond delay)
■ SENSOR_DELAY_UI (represents 60,000 microsecond delay)
■ SENSOR_DELAY_GAME (represents 20,000 microsecond delay)
■ SENSOR_DELAY_FASTEST (represents as fast as possible)

You can also specify a specific microsecond delay using one of the other registerListener 
methods, as long as ifs larger than 3 microseconds; however anything less than 20,000 is 
not likely to be honored. It is important to select an appropriate value for this parameter- 
Some sensors are very sensitive and will generate a lot of events in a short amount of tirT1 ' 
If you choose SENSOR_DELAY_FASTEST, you might even overrun your application’s ability t° 
keep up. Depending on what your application does with each sensor event, it is possible 
that you will be creating and destroying so many objects in memory that garbage collect1 
will cause noticeable slowdowns and hiccups on the device. On the other hand, certain 
sensors pretty much demand to be read as often as possible; this is true of the rotation 
vector sensor in particular. Also, don’t rely on this parameter to generate events with Pre 
timing. The events could come a little faster or slower.
Because our activity implements the SensorEventListener interface, we have two callbaC^5 
for sensor events: onAccuracyChanged() and onSensorChanged(). The first method will I® 
know if the accuracy changes on our sensor (or sensors, sińce it could be called for mor 
than one). The value of the accuracy parameter will be SENSOR_STATUS_UNRELIABLE’ 
SENSOR_STATUS_ACCURACY_LOW, SENSOR_STATUS_ACCURACY_MEDIUM, or g 
SENSOR_STATUS_ACCURACY_HIGH. Unreliable accuracy does not mean that the deY' 
is broken; it normally means that the sensor needs to be calibrated. The second callbac 
method tells us when the light level has changed, and we get a SensorEvent object tote 
the details of the new value or values from the sensor.

A SensorEvent object has several members, one of them being an array of float values- 
For a light sensor event, only the first float value has meaning, which is the SI lux valoe 
the light that was detected by the sensor. For our sample app, we build up a message s u 
by inserting the new messages on top of the older messages, and then we display the b 
of messages in a TextView. Our newest sensor values will always be displayed at the top 
the screen.
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g..ea y°u run this application (on a real device, of course, sińce the emulator does not have 
Sk- . sensor), you may notice that nothing is displayed at first. Just change the light that is 
। nin9 on the upper-left corner of your device. This is most likely where your light sensor is. 

you look very carefully, you might see the dot behind the screen that is the light sensor, lf 
(althC°Ver ^'s dot y°ur fin9er> the light level will probably change to a very smali value 

°ugh it may not reach zero). The messages should display on the screen, telling you 
°utthe changing light levels.

Notę You might also notice that when the light sensor is covered, your buttons light up (if you 
have a device with lighted buttons). This is because Android has detected the darkness and lights 
UP the buttons to make the device easier to use “in the dark.”

ksues with Getting Sensor Data
th^>^ndroid sensor framework has problems that you need to be aware of. This is the part 

s n°t fun. In some cases, we have ways of working around the problem; in others we 
n or it's very difficult.

Direct Access to Sensor Values
Or? have noticed that there is no direct way to query the sensor’s current value. The 

Way get data from a sensor is through a listener. There are two kinds of sensors:
a reSe ^at are streaming and those that are not. Streaming sensors will send values on 
non^111^ basie, such as the accelerometer. The method cali getMinDelayO will return a 
ą s 2er° value for streaming sensors, to tell you the minimum number of microseconds that 
Zeronsor use to sense the environment. For non-streaming sensors the return value is

’ So even once you’ve set up the listener, there are no guarantees that you’ll get a new 
u? a set period of time. At least the callback is asynchronous so you won’t błock 

acc ^read waiting for a piece of data from a sensor. However, your application has to 
W^^Todate the fact that sensor data may not be available at the exact moment that you 
y0Ur lł- Revisiting Figure 24-1, you’ll notice that the light sensor is non-streaming. Therefore, 
gei apP will get an event only if the light level changes. For the other sensors shown, the 

between events will be a minimum of 20 milliseconds, but could be more.
t IS n

Yo POssible to directly access sensors using native codę and the JNI feature of Android. 
p|u ne®d to know the low-level native API calls for the sensor driver you’re interested in, 

e able to set up the interface back to Android. So it can be done, but ifs not easy.
h
^sor Values Not Sent Fast Enough

at SENSOR_DELAY_FASTEST, you probably won’t get new values more often than every 
yoq s depends on the device and the sensor), lf you need more rapid sensor data than 

9et with a ratę setting of SENSOR_DELAY_FASTEST, it is possible to use native codę 
to get to the sensor data faster, but similar to the previous situation, it is not easy.
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Sensors Turn Off with the Screen
There have been problems in Android 2.x with sensor updates that get turned off when the 
screen is turned off. Apparently someone thought it was a good idea to not send sensor 
updates if the screen is off, even if your application (most likely using a sen/ice) has a wa 
lock. Basically, your listener gets unregistered when the screen turns off.
There are several workarounds to this problem. For more information on this issue and 
possible resolutions and workarounds, please refer to Android Issue 11028:

http://code.google.com/p/android/issues/detail?id=11028

Now that you know how to get data from sensors, what can you do with the data? w® 
said earlier, depending on which sensor you’re getting data from, the values returned in 
values array mean different things. The next section will explore each of the sensor typeS 
and what their values mean.

Interpreting Sensor Data
Now that you understand how to get data from a sensor, you’ll want to do something 
meaningful with the data. The data you get, however, will depend on which sensor you re 
getting the data from. Some sensors are simpler than others. In the sections that follow, 
we will describe the data that you’ll get from the sensors we currently know about. As ne 
devices come into being, new sensors will undoubtedly be introduced as well. The senS°,y 
framework is very likely to remain the same, so the techniques we show here should apP 
egually well to the new sensors.

Light Sensors
The light sensor is one of the simplest sensors on a device, and one you’ve used in the fir^ 
sample applications of this chapter. The sensor gives a reading of the light level detecte 
the light sensor of the device. As the light level changes, the sensor readings change- 
units of the data are in SI lux units. To learn more about what this means, please see the 
“References” section at the end of this chapter for links to more information.

For the values array in the SensorEvent object, a light sensor uses just the first elemen , 
values[o]. This value is a float and ranges technically from 0 to the maximum value f°r$ 
particular sensor. We say technically because the sensor may only send very smali vald 
when there’s no light, and never actually send a value of 0.
Remember also that the sensor can tell us the maximum value that it can return and that 
different sensors can have different maximums. For this reason, it may not be useful 
consider the light-related constants in the SensorManager class. For example, SensorMan 
has a constant called LIGHT_SUNLIGHT_MAX, which is a float value of 120,000; however,^ 
when we queried our device earlier, the maximum value returned was 10,240, clearly 
less than this constant value. There’s another one called LIGHT_SHADE at 20,000, whic 
also above the maximum of the device we tested. So keep this in mind when writing c 
that uses light sensor data.

http://code.google.com/p/android/issues/detail?id=11028
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limity Sensors
(in 6 ^^mity sensor either measures the distance that some object is from the device 
s Centimeters) or represents a flag to say whether an object is close or far. Some proximity 
eithS°rS $'ve a va'ue ranging from o.o to the maximum in increments, while others return 
6q । °-0 or the maximum value only. If the maximum rangę of the proximity sensor is

a to the sensor’s resolution, then you know ifs one of those that only returns 0.0, or the 
^here are devices with a maximum of 1.0 and others where ifs 6.0. Unfortunately, 

9oin^S n° Wayto before the application is installed and run which proximity sensor you’re 
pr 9to get. Even if you put a <uses-feature> tag in your AndroidManifest.xml file for the 
gran"?'^ sensor> Vou could get either kind. Unless you absolutely need to have the morę 

u ar proximity sensor, your application should accommodate both types gracefully.

sam ’n^eresting fact about proximity sensors: the proximity sensor is sometimes the 
thou6hdWare as sensor- Android still treats them as logically separate sensors,
^Ooth ’ S° y°u need da*a ^rom both you will need to set up a listener for each one. Here’s 
dete 'nteresting fact: the proximity sensor is often used in the phone application to 
t0 a ^e presence of a person’s head next to the device. If the head is that close to the 
cheekSCreen’the touchscreen is disabled so no keys will be accidently pressed by the ear or 

while the person is talking on the phone.

appa0Urce coc*e projects for this chapter include a simple proximity sensor monitor 
ProXiCation’ wbich is basically the light sensor monitor application modified to use the 
feei sensor instead of the light sensor. We won’t include the code in this chapter, but 

ree to experiment with it on your own.

^Perature Sensors
reacji a ueprecated temperaturę sensor (TYPE_TEMPERATURE) provided a temperaturę 
intern and a'so returned Just a single value in values[0]. This sensor usually read an 
Typ^ a temperatura, such as at the battery. There is a new temperaturę sensor called 
de ^bient_temperature. The new value represents the temperaturę outside the device in 

es celsius.
t6rrin^aCernen* °f the ternPerature sensor is device-dependent, and it is possible that the 
forthisrat?re reabings could be impacted by the heat generated by the device itself. The projects 
Caiijpg chapter include one for the temperatura sensor called TemperatureSensor. It takes care of 

e correct temperatura sensor based on which version of Android is running.

H Se,1SOrS
us^d f°r rrieasures barometric pressure, which could detect altitude for example or 

tduchSc °r Wejher predictions. This sensor should not be confused with the ability of a 
We CQv reen to generate a MotionEvent with a pressure value (the pressure of the touch). 
SenSin Ied ^'stouch type of pressure sensing in Chapter 22. Touchscreen pressure 

oesn’t use the Android sensor framework.
10$ (jp
this rnea°f rneasurement for a pressure sensor is atmospheric pressure in hPa (millibar), and 

SL|rement is delivered in values[o].
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Gyroscope Sensors
Gyroscopes are very cool components that can measure the twist of a device about a 
reference frame. Said another way, gyroscopes measure the ratę of rotation about an ax|S- 
When the device is not rotating, the sensor values will be zeros. When there is rotation m 
any direction, you’ll get nonzero values from the gyroscope. Gyroscopes are often used 0 
navigation. But by itself, a gyroscope can’t tell you everything you need to know to navig 
And unfortunately, errors creep in over time. But coupled with accelerometers, you can 
determine the path of movement of the device.

Kalman filters can be used to link data from the two sensors together. Accelerometers 
are not terribly accurate in the short term, and gyroscopes are not very accurate in the 
long term, so combined they can be reasonably accurate all the time. While Kalman fi|terS 
are very complex, there is an alternative called complementary filters that are 
implement in code and produce results that are pretty good. These concepts 
scope of this book.

The gyroscope sensor returns three values in the values array for the x, y, and z axes. 
The units are radians per second, and the values represent the ratę of rotation around 
each of those axes. One way to work with these values is to integrate them over time to 
calculate an angle change. This is a similar calculation to integrating linear speed over 1 
to calculate distance.

easier to 
are beyond

Accelerometers
Accelerometers are probably the most utilized of the sensors on a device. Using these 
sensors, your application can determine the physical orientation of the device in space 
relative to gravity’s puli straight down, plus be aware of forces acting on the device. 
Providing this information allows an application to do all sorts of interesting things, frorTI 
gamę play to augmented reality. And of course, the accelerometers tell Android when t° 
switch the orientation of the user interface from portrait to landscape and back again- 
The accelerometer coordinate system works like this: the accelerometer’s x axis origin^® 
in the bottom-left corner of the device and goes across the bottom to the right. The y a js 
also originates in the bottom-left corner and goes up along the left of the display. The z^ 
originates in the bottom-left corner and goes up in space away from the device. Figdre 
shows what this means.
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^9 re 24-2. Accelerometer coordinate system

oc0 c°°rdinate system is different than the one used in layouts and 2D graphics. In that 
dowainate system, the origin (0, 0) is at the top-left corner, and y is positive in the direction 
in screen from there. It is easy to get confused when dealing with coordinate systems 

1 erent frames of reference, so be careful.
is h^erTt yet said what the accelerometer values mean, so what do they mean? Acceleration 
<3SUred in meters per second squared (m/s2). Normal Earth gravity is 9.81 m/s2, pulling 
of Q n toward the center of the Earth. From the accelerometer’s point of view, the measurement 
$0^ VltV is -9.81. lf your device is completely at rest (not moving) and is on a perfectly fiat

*he X and y reac*ings will be 0 and the z reading will be +9.81. Actually, the values 
^ill h be eXactly toese because of the sensitivity and accuracy of the accelerometer, but they 
bSc cl°se. Gravity is the only force acting on the device when the device is at rest, and 
is 2er Se gravity pulls straight down, if our device is perfectly fiat, its effect on the x and y axes 
^eref z U16 accelerometer is measuring the force on the device minus gravity. 
Sen<- Ore. 0 minus-9.81 is+9.81, and thafs what the z value will be (a.k.a. values[2] in the 

5°rEvent object).

forcea'Ues sent your application by the accelerometer always represent the sum of the 
s^aiah°n dev'ce minus gravity. lf you were to take your perfectly fiat device and lift it 
direct' UP’ t*16 z value would increase at first, because you increased the force in the up (z) 
9ravit °n- s°on as your lifting force stopped, the overall force would return to being just 
ącce/ -tfle device were to be dropped (hypothetically—please don’t do this), it would be 
read toward the ground, which would zero out gravity so the accelerometer would 

u force.
let’ s t
The x ake the device from Fi9ure 24-2 and rotate it up so it is in portrait modę and vertical. 
2 9xis axis is the same, pointing left to right. Our y axis is now straight up and down, and the 
Win Pointing out of the screen straight at us. The y value will be +9.81, and both x and z

^ath
vertiCa?Pdens when you rotate the device to landscape modę and continue to hołd it 
and x i y’ S° the screen is r'ghtin fror|f of your face? lf you guessed that y and z are now 0 

s +9.81, you’d be correct. Figure 24-3 shows what it might look like.
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Figurę 24-3. Accelerometer values in landscape vertical

When the device is not moving, or is moving with a constant velocity, the accelerometers 
are only measuring gravity. And in each axis, the value from the accelerometer is gravity s 
component in that axis. Therefore, using some trigonometry, you could figurę out the ang 
and know how the device is oriented relative to gravity’s puli. That is, you could tell if t*16 
device were in portrait modę or in landscape modę or in some tilted modę. In fact, this is 
exactly what Android does to figurę out which display modę to use (portrait or landscape^ 
Notę, however, that the accelerometers do not say how the device is oriented with respe^ 
to magnetic north. So while you could know that the device is being held in landscape m 
vertically, you wouldn’t know if you were facing east or west or anywhere in between. Tha 
where the magnetic field sensor will come in, which we will cover in a later section.

Accelerometers and Display Orientation
Accelerometers in a device are hardware, and they’re firmly attached, and as such have: a 
specific orientation relative to the device that does not change as the device is turned t 
way or that. The values that the accelerometers send into Android will change of course 
device is moved, but the coordinate system of the accelerometers will stay the same re a 
to the physical device. The coordinate system of the display, however, changes as the us 
goes from portrait to landscape and back again. In fact depending on which way the ser 
is turned, portrait could be right-side up, or 180 degrees upside-down. Similarly, landsca 
could be in one of two different rotations 180 degrees apart.
When your application is reading accelerometer data and wanting to affect the user interfac 
correctly, your application must know how much rotation of the display has occurred to , 
properly compensate. As your screen is reoriented from portrait to landscape, the screen 
coordinate system has rotated with respect to the coordinate system of the acceleromete^g 
To handle this, your application must use the method Display.getRotation(). The return 
is a simple integer but not the actual number of degrees of rotation. The value will be one 
Surface.ROTATI0N_0, Surface.ROTATI0N_90, Surface.R0TATI0N_180, or Surface.ROTATION^ 
These are constants with values of 0,1, 2, and 3, respectively. This return value tells you 
how much the display has rotated from the “normal” orientation of the device. Because 
not all Android devices are normally in portrait modę, you cannot assume that portrait is 
ROTATION 0.
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^celerometers and Gravity

far, we’ve only briefly touched on what happens to the accelerometer values when the 
is moved. Lets explore that further. All forces acting on the device will be detected by 

$ accelerometers. If you lift the device, the initial lifting force is positive in the z direction,
. c you get a z value greater than +9.81. If you push the device on its left side, you’ll get an 

negative reading in the x direction.
^at you’d like to be able to do is separate out the force of gravity from the other forces 
P tlng on the device. There’s a fairly easy way to do this, and ifs called a low-pass filter. 
^rces other than gravity acting on the device will do so in a way that is typically not 
^adual. ln other words, if the user is shaking the device, the shaking forces are reflected in 
a accelerometer values guickly. A low-pass filter will in effect strip out the shaking forces 
thi leave on|ythe steadyforce- which is 9ravity. Let’s use a samPle application to illustrate 

s concept. Ifs called GravityDemo. Listing 24-3 shows the Java code.

24-3. Measuring Gravity from the Accelerometers
// |L.
pub file is MainActivity.java

lc class MainActivity extends Activity implements SensorEventListener {
Private SensorManager mgr;
Private Sensor accelerometer;
Private TextView text;
Private float[] gravity = new float[3];
Private float[] motion = new float[3];
Private double ratio;
Private double mAngle;
Private int counter = 0;

®°verride
Poblic OnCreate(Bundle saved!nstanceState) { 

super.onCreate(saved!nstanceState);
setContentView(R.layout.main);

m§r = (SensorManager) this.getSystemService(SENSOR_SERVICE); 
accelerometer = mgr.getDefaultSensor(Sensor.TYPE_ACCE LEROMETER); 
text = (TextView) findViewBy!d(R.id.text);

@°verride
Protected void onResume() {

mgr.registerListener(this, accelerometer, 
SensorManager.SENSOR_DELAY_UI);

j super.onResume();

®°verride
Protected void onPause() {

mgr.unregisterListener(this, accelerometer);
} Super.onPause();
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public void onAccuracyChanged(Sensor sensor, int accuracy) {
// ignore

public void onSensorChanged(SensorEvent event) { 
// Use a low-pass filter to get gravity. 
II Motion is whafs left over 
for(int i=O; i<3; i++) {

gravity [i] = (float) (0.1 * event.values[i] + 
0.9 * gravity[i]);

motion[i] = event.values[i] - gravity[i];
}

II ratio is gravity on the Y axis compared to fuli gravity 
// should be no more than 1, no less than -1 
ratio = gravity[l]/SensorManager.GRAVITY_EARTH;
if(ratio > 1.0) ratio = 1.0;
if(ratio < -1.0) ratio = -1.0;

// convert radians to degrees, make negative if facing up 
mAngle = Math.toDegrees(Math.acos(ratio));
if(gravity[2] < 0) { 

mAngle = -mAngle;
}

// Display every lOth value 
if(counter++ % 10 == 0) { 

String msg = String.format( 
"Raw values\nX: %8.4f\nY: %8.4f\nZ: %8.4f\n" + 
"Gravity\nX: %8.4f\nY: %8.4f\nZ: %8.4f\n" + 
"Motion\nX: %8.4f\nY: %8.4f\nZ: %8.4f\nAngle: %8.1f", 
event.values[o], event.values[l], event.values[2], 
gravity[0], gravity[l], gravity[2], 
motion[0], motionfl], motion[2], 
mAngle);

text.setText(msg);
text.invalidate(); 
counter=l;

}

The result of running this application is a display that looks like Figure 24-4. This screens 
was taken as the device lay fiat on a table.
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-- ——

Gravity Demo

Raw values
X: -0.0409
Y: -0.0409
Z: 9.8067
Gravity
X: -0.0106
Y: -0.0213
Z: 9.8038 
Motion
X: -0.0303
Y: -0.0196
Z: 0.0029
Angle: 90.1

^ure 24.4 Gravity, motion, and angle values

The dT? th'S SamPle application is the same as the Accel Sensor application from before.
,erences are in the onSensorChanged() method. Instead of simply displaying the 

by UsS from event array, we attempt to keep track of gravity and motion. You get gravity 
the J09 only a sma11 Portion of the new value from the event array, and a large portion of 
0.9 a ®v'Ous value of the gravity array. The two portions used must add up to 1.0. We used 
PoSsibi °'1, You could try other values, too, such as 0.8 and 0.2. Our gravity array cannot 
Ang th y Chan9e as fast as the actual sensor values are changing. But this is closer to reality. 
forces IS 'S What a low‘Pass filter does. The event array values would only be changing if 
of g Were causing the device to move, and you don’t want to measure those forces as part 
here 6^ Y°U Only want t0 record int0 Your granty arraY theforce of gravity itself. The math 
are qo°es no* mean you’re magically recording only gravity, but the values you’re calculating 

lng to be a lot closer than the raw values from the event array.
Notice X.
array v i °lPe rnotion arraY in the code. By tracking the difference between the raw event 
graVjt f eS and the calcu|ated gravity values, you are basically measuring the active, non- 
Very C| ^es on the device in the motion array. If the values in the motion array are zero or 
Techni036 t0 zer0, means the device is probably not moving. This is useful information. 
c|Ose fQa Y a device moving in a constant speed would also have values in the motion array 
Sornewh2ero’ but the realitY is that if a user is moving the device, the motion values will be

at larger than zero. Users can’t possibly move a device at a perfect constant speed. 
Co||eęx P'ease notice that this example does not produce new objects that need to be garbage 
°therw 's Very 'mPortant when dealing with sensor events to not create new objects;

e Your application will spend too much time paused for garbage collection cycles.
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Using Accelerometers to Measure the Device’s Angle
We wanted to show you one morę thing about the accelerometers before we move on. 
If we go back to our trigonometry lessons, we remember that the cosine of an angle is the 
ratio of the near side and the hypotenuse. If we consider the angle between the y axis and 
gravity itself, we could measure the force of gravity on the y axis and take the arccosine to 
determine the angle. We’ve done that in this code as well, although here we have to deal y 
again with some of the messiness of sensors in Android. There are constants in SensorManag 
for different gravity constants, including Earth’s. But your actual measured values could 
possibly exceed the defined constants. We will explain what we mean by this next.
In theory, your device at rest would measure a value for gravity equal to the constant value, 
but this is rarely the case. At rest, the accelerometer sensor is very likely to give us a value 
for gravity that is larger or smaller than the constant. Therefore, our ratio could end up 
greater than one, or less than negative one. This would make the acos() method compla|n’ 
so we fix the ratio value to be no morę than 1 and no less than -1. The corresponding 
angles in degrees rangę from 0 to 180. That’s fine except that we don’t get negative angl® 
from 0 to -180 this way. To get the negative angles, we use another value from our gravity 
array, which is the z value. If the z value of gravity is negative, it means the device’s face is 
oriented downward. For all those values where the device face is pointed down, we make 
our angle negative as well, with the result being that our angle goes from -180 to +180, iuS 
as we would expect.
Go ahead and experiment with this sample application. Notice that the value of the angle is 
when the device is laid fiat, and ifs zero (or close to it) when the device is held straight up an 
down in front of us. If we keep rotating down past fiat, we will see the value of the angle ®xC® 
90. If we tilt the device up morę from the 0 position, the value of angle goes negative until we 
holding the device above our heads and the value of the angle is -90. Finally, you may have $ 
noticed our counter that Controls how often the display is updated. Because the sensor even 
can come rather freguently, we decided to only display every tenth time we get values.

Magnetic Field Sensors
The magnetic field sensor measures the ambient magnetic field in the x, y, and z axes. 
This coordinate system is aligned just like the accelerometers, so x, y, and z are as show 
in Figure 24-2. The units of the magnetic field sensor are microteslas (uT). This sensor ca 
detect the Earth’s magnetic field and therefore tell us where north is. This sensor is also 
referred to as the compass, and in fact the <uses-feature> tag uses android.hardware- 
sensor.compass as the name of this sensor. Because this sensor is so tiny and sensitive, 
can be affected by magnetic fields generated by things near the device, and even to so^sor 
extent to components within the device. Therefore the accuracy of the magnetic field se 
may at times be suspect.

i_ 
We’ve included a simple CompassSensor application in the download section of the weo 
so feel free to import that and play with it. If you bring metal objects close to the d®7'0® ir1|y 
while this application is running, you might notice the values changing in response. Cent 
if you bring a magnet close to the device you will see the values change. In fact, the Go 
Cardboard “device” uses a magnet under a physical button which is then detected by 
phone as a change in the magnetic field when the button is pressed.
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js?U.mi9ht be asking, can I use the compass sensor as a compass to detect where north
are, d answer is: not by itself. While the compass sensor can detect magnetic fields
surf^d tPe bevice, if the device is not being held perfectly fiat in relation to the Earth’s

ace’ y°u’d have no way of correctly interpreting the compass sensor values. But you
surT acceler°meters that can tell you the orientation of the device relative to the Earth’s 
from C6! Theref°re, you can create a compass from the compass sensor, but you’ll need help 

he accelerometers too. So let’s see how to do that.

^S'ng Accelerometers and Magnetic Field Sensors Together
and provides some methods that allow us to combine the compass sensor
the c accelerometers to figure out orientation. As we just discussed, you can’t use just 
getR °mpass sensor alone to do the job. So SensorManager provides a method called 
com°tationMatrix()> which takes the values from the accelerometers and from the

Pass and returns a matrix that can be used to determine orientation.
Pre°ther SensorManager method, getOrientation(), takes the rotation matrix from the 
VourdUS Step and 9'ves an orientation matrix. The values from the orientation matrix tell you 
roli r । ice’s rotation relative to the Earth’s magnetic north, as well as the device’s pitch and 

elative to the ground.

^gnetic Declination and GeomagneticField
c°rnn S anotPer toPic we want to cover with regard to orientation and devices. The 
is (a .ass sensor will tell you where magnetic north is, but it won’t tell you where true north 
north 3 ’ 9eo9raphic north). Imagine you are standing at the midpoint between the magnetic 
you a Pt°le and the geograPh'C north pole. They’d be 180 degrees apart. The further away 
differ $ from the two north poles, the smaller this angle difference becomes. The angle 
Va|Ue nce between magnetic north and true north is called magnetic declination. And the 
know °n,y Pe comPuted relative to a point on the planet’s surface. That is, you have to 
^°rtun tere you re standing to know where geographic north is in relation to magnetic north.

a ely, Android has a way to help you out, and ifs the GeomagneticField class.

and *° 'ns^an^ate an object of the GeomagneticField class, you need to pass in a latitude 
Where'tude- Therefore, in order to get a magnetic declination angle, you need to know 

f 6 P°int reference is. You also need to know the time at which you want the value.
decijnlJ0 no|Th drifts overtime. Once instantiated, you simply cali this method to get the 

a 'on angle (in degrees):

^eclinationAngle = geoMagField.getDeclination();
The Vah
north 6 °f declinationAngle will be positive if magnetic north is to the east of geographic
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Gravity Sensors
This sensor isn’t a separate piece of hardware. It’s a virtual sensor based on the accelerometers. 
In fact, this sensor uses logie similar to what we described earlier for accelerometers to produce 
the gravity component of the forces acting on a device. We cannot access this logie, however, 
so whatever factors and logie are used inside the gravity sensor class are what we must accep ■ 
lt’s possible, though, that the virtual sensor will take advantage of other hardware such as a 
gyroscope to help it calculate gravity more accurately. The values array for this sensor reports 
gravity just like the accelerometer sensor reports its values.

Linear Acceleration Sensors
Similar to the gravity sensor, the linear acceleration sensor is a virtual sensor that represents 
the accelerometer forces minus gravity. Again, we did our own calculations earlier on the 
accelerometer sensor values to strip out gravity to get just these linear acceleration force 
values. This sensor makes that more convenient for you. And it could take advantage of othe 
hardware, such as a gyroscope, to help it calculate linear acceleration more accurately. The 
values array reports linear acceleration just like the accelerometer sensor reports its values-

Rotation Vector Sensors
The rotation vector sensor represents the orientation of the device in space, with angles 
relative to the frame of reference of the hardware accelerometer (see Figurę 24-2). This 
sensor returns a set of values that represents the last three components of a unit quatern'° 
Ouaternions are a subject that could fili a book, so we won’t be going into them here.

Thankfully, Google has provided a few methods within SensorManager to help with this 
sensor. The getQuaternionFromVector() method converts a rotation vector sensor output 
a normalized quaternion. The getRotationMatrixFromVector() method converts a rotatiou 
vector sensor output to a rotation matrix, and that can be used with getOrientation()- 
When converting rotation vector sensor output to an orientation vector, though, you need 
realize that it goes from -180 degrees to +180 degrees.

thd 
The ZIP file of sample apps for this chapter includes a version of VirtualJax that shows 
rotation vector in use.

References
Here are some helpful references to topics you may wish to explore further:

■ www.androidbook.com/proandroid5/projects: A list of downloadable 
projects related to this book. For this chapter, look for a ZIP file called 
ProAndroid5_Ch24_Sensors.zip. This file contains all the projects 
from this chapter, listed in separate root directories. There is also a 
README.TXT file that describes exactly how to import projects into an IDE 
from one of these ZIP files.

http://www.androidbook.com/proandroid5/projects
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http://en.wikipedia.org/wiki/Lux: The Wikipedia entry for lux, the unit
of light measurement.

www.ngdc.noaa.gov/geomag/faqgeom.shtml: Information about 
geomagnetism from N0AA.

www.youtube.com/watch?v=C71Q7Rpwn2k: A Google Tech Talk from 
David Sachs on accelerometers, gyroscopes, compasses, and Android 
development.

http://stackoverflow.com/questions/i586658/combine-gyroscope- 
and-accelerometer-data: A nice posting on stackoverflow.com that 
talks about combining gyroscope and accelerometer sensor data for use 
in applications.

http://en.wikipedia.org/wiki/Quaternions_and_spatial_rotation: 
The Wikipedia page on quaternions and how they can be used in 
representing spatial rotation, such as an Android device.

Summary
n *his chapter, we covered the following topics:

What sensors are in Android.

Finding out what sensors are on a device.

Specifying the sensors that are reąuired for an application before 
it will be loadable onto an Android device.

Determining the properties of a sensor on a device.

How to get sensor events.

The fact that events come whenever the sensor value changes, 
so it is important to understand there could be a lag before you get 
your first value.

The different speeds of updates from a sensor and when to use 
each one.

The details of a SensorEvent and how these can be used for the various 
sensor types.

Virtual sensors, madę up of data from other sensors. The ROTATION_ 
VECTOR sensor is one of these.

Determining the angle of the device using sensors, and telling which 
direction the device is facing.

http://en.wikipedia.org/wiki/Lux
http://www.ngdc.noaa.gov/geomag/faqgeom.shtml
http://www.youtube.com/watch?v=C71Q7Rpwn2k
http://stackoverflow.com/questions/i586658/combine-gyroscope-and-accelerometer-data
stackoverflow.com
http://en.wikipedia.org/wiki/Quaternions_and_spatial_rotation


Chapter

Exploring Android Persistence 
and Content Providers
Pref6 are a number of ways of saving state in the Android SDK. Some of these are 1) shared 
toO|srenCes’ 2)internal files> 3) external files, 4) SQLite, 5) content providers, 6) O/R mapping 
Savj ’ and 7) network storage in the cloud. We will briefly introduce each of these state- 
cont 9 °bt'ons first and then cover in detail managing application state using SQLite and

Ient providers.

Saving state Using Shared Preferences
We haVQ
based y Covered shared preferences in Chapter 11. Shared preferences are key/value-
Persi t files owned by your application. Android has a framework on top of this generał

|S । e mechanism to display/update/retrieve preferences without writing a lot of codę.
Ch 3 aS^ect 's ma'n toP'c °f Chapter 11.
theashter 11 also touched briefly on how an application can storę any type of data using 
repre ared Preference API in XML files. In this approach data is converted to a string 
uSed ^entati°n first and then stored in the preferences key/value storę. This approach can be 

0 storę any arbitrary state of your application as long as it is smali to medium in size.
Hot djhared Preference XML files are internal to the application on your device. This data is 
by morectly available to other applications. End user cannot directly manipulate this data 
remo^™^9 on to a USB port. This data is removed automatically when the application is

F*r
DreferSlrnple to moderate application persistence needs, you can take advantage of shared 
a giVeeriCes by storing various trees of Java objects directly in a shared preference file. In 
ais0 u Pmference file you can have a key point to a serialized Java object tree. You can 
library8? ^^P1® preference files for multiple Java object trees. We have used JSON/GSON 

rom google to do this conversion from Java objects to their equivalent JSON string 

559
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values quite effectively. In this approach a Java object tree is streamed as a JSON string 
using the google GSON library. This tree is then stored as a value in a key/value pair of a 
preference file. Keep in mind that GSON and JSON conversion of a Java object may have 
some limitations. Read the GSON/JSON documentation to see how complex a Java objec 
can get to make this approach work. We are fairly confident that for most data-based Jav 
objects this will work.
Listing 25-1 has some sample code for how to save a Java tree using GSON/JSON and 
shared preferences.

Listing 25-1. Saving a Java Object Tree Using JSON in Shared Preferences XML Files
//Implementation of storeJSON for storing any object 
public void storeJSON(Context context, Object anyObject) {

//Get a GSON instance
Gson gson = new Gson();

//Convert Java object to a JSON string
String jsonString = gson.toJson(anyObject);

//See Chapter 11 for morę details on how to get a shared preferences reference
String filename = "somefilename.xml";
int modę = Context.MODE_PRIVATE;
SharedPreferences sp = context.getSharedPreferences(filename,mode);

//Save the JSON string in the shared preferences
SharedPreferences.Editor spe = sp.edit();
spe.putString("json", jsonString);
spe.commit();

}
//This code can then be used by a client like this:
//Create any data object with reasonable complexity
//Ex: MainObject mo = MainObject.createTestMainObject();
//You can then cali storeJSON(some-activity, mo) below

Listing 25-2 shows some sample code for how to retrieve a Java tree using GSON/JSO^ 

and shared preferences.

Listing 25-2. Reading a Java Object Tree Using JSON from Shared Preferences XML Files
public Object retrieveJSON(Context context, String filename, Class classRef) {

int modę = Context.MODE_PRIVATE;
SharedPreferences sp = context.getSharedPreferences(filename,mode);
String jsonString = sp.getString("json", nuli);
if (jsonString == nuli) {

throw new RuntimeException("Not able to read the preference");
}
Gson gson = new Gson();
return gson.fromJson(jsonString, classRef);

}
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Mai°ohCan ^n d° this in the client code
. iecf m° = (Main0bject)retrieve3S0N(context,"somefilename.xml", MainObject.class);

u Jng compareResult = MainObject.checkTestMainObject(mo); 
CompareResult != nuli) {

i throw new RuntimeException("Something is wrong. Objects don't match");

Th'
bas d°de rec,u'res that y°u have the GSON Java library added to your project. This GSON- 
This a approach is covered in detail in our companion book, Expert Android from Apress.

Is also briefly documented online at http://androidbook.com/item/4438.

S^ing state Using Internal Files
inte0^^'^’ y°u can a'so use 'nternai fiies t0 store the state °f y°ur application. These
t0 J?al fiies are internal to the application on your device. This data is not directly available 
USg r applications' End user cannot directly manipulate this data by mounting on to a

Port. This data is removed automatically when the application is removed.

intern^ sh°ws sample code for how to save a Java tree using GSON/JSON and

^Stlfjfj o
"3- Reading/Writing JSON Strings from/to an Android Internal File
ObJect readFrom!nternalFile(Context appContext, String filename, Class classRef)

{ °Ws Exception

^^InputStream fis = nuli;
try {

fis = appContext.openFile!nput(filename);
//Read the following string from the filestream fis
String jsonString;

Gs°n gson = new Cson();
} return gson.fromlson(jsonString, classRef);

finally {
. 11 write code to closeStreamSilently(fis);

} '

v°id saveTo!nternalFile(Context appContext, String filename, Object anyObject){
st°n £s°n = new GsonO>

rin8 jsonString = gson.tolson(anyObject);
^leOutputStream fos = nuli;
try {

f°s = appContext.openFileOutput(filename
,Context.MODE_PRIVATE);

j os-write(jsonString.getBytes());
finally ।

। // closeStreamSilently(fos);

http://androidbook.com/item/4438
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This approach based on internal files and GSON is covered in detail in our companion boo > 
Expert Android from Apress (http://www.apress.com/978143O2495O4). This is also briefly 
documented online at http://androidbook.com/item/4439.

Saving State Using External Files
In Android, external files are stored either on the SD card or on the device. These become 
public files that other apps including the user could see and read outside the context of y° 
application. For many apps that want to manage their internal state these external files wi 
unnecessarily pollute the public space.

Because the data you would represent as JSON is typically very sp< 
it doesn’t make sense to make this available as external storage, wl 
musie files, video files, or files that are commonly in a format that is 
applications.

jcific to your applicat'° ’ 
lich is typically used o 
understandable by 0

Because external storage such as an SD card can be in various States (available, not 
mounted, fuli, etc.), it is harder to program this for simple apps when the data is smali 
enough. So we could not make a good case for now that the application state be mainta|n 
on external storage.
A hybrid approach may be meaningful if the application requires musie and photos and 
those can go on the external storage while keeping the core State data in JSON and inter 
The android.os.Environment class and the android.content.Context class have a nurnik 
of methods to read and write to external files and directories. We have not included code 
examples because the approach is very similar to internal files once you get access to t 
files through the andorid.content.Context.

Saving State Using SOLite
Android apps can use SOLite databases to storę their state. SOLite is well integrated into 
the fabric of Android. If you want to storę the internal State of your application robustly u1 
this is probably the best approach. However, working with any relational database indu 
SOLite has a lot of nuances. We will cover the essentials and nuances of using SOLite o 
Android a little later in the chapter.

Saving State Using 0/R Mapping Libraries
O/R mapping stands for Object-to-Relational Mapping. A key difficulty with storing stat 
a relational database from a programming language like Java is the mismatch between 
object structures and relational structures of the database. One needs to map between 
names, types, and relationships of fields as they are in the Java space and their equiva 
in the database space. This mapping is error prane. You will see this when we cover the 
SOLite in detail later.

http://www.apress.com/978143O2495O4
http://androidbook.com/item/4439
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the ■ IS a need for simplifying this mapping of data between Java and SQL. This space in 
It isn^8*^ 's ca'*ed °/R mapping. A few tools are now available to solve this in Android. 
we eyond tpe scope of this book to cover the essentials of these O/R mapping tools. But 

wi|l name a couple of these tools and give their online references now.

(htt t00lS 'n this space are GreenDAO (http://greendao-orm.com/) and OrmLite 
the P^^mlite.com/). There are more appearing every year. So check often to see if

°nes are faster or easier. GreenDAO uses a codę generation approach based on 
the erna d^aitions. It is said to be three to four times faster than OrmLite. OrmLite fuses 
Pro Sctlema definition with Java classes through annotations. The latter approach is easier 
due^tarnrnat'Ca'*y‘ ^so O^Lite works the same on any Java platform. However, possibly 
appiicateflection used at run time’ił can be slower’ but 1 suspect is fast enough for most

Predict that using one of these O/R mapping libraries is a key need to get your apps 
oj.10 the market. We recommend that you isolate the persistence sen/ices and start with 
ProdLlte and then move to GreenDA0 if your app gains enough traction or for moving to 

uction from your prototype.

$aving State Using Content Providers
aPpr°id provides a higher-level abstraction on top of data stores based on URIs. Using this 
aiSo Oach any application can read or storę data using REST like URIs. This abstraction 
apDra °Ws aPPlications to share their data through APls based on URI strings. In this 
curs°ach submitting a URI will give back a collection of rows and columns in a database 
per A URI can also take a set of key/value pairs and persist them in a target database if 
be^ ISsions are granted. This is a general-purpose mechanism for interoperability of data 
i$ a een Android applications. We will cover this in greater detail later in the chapter. This 
or re^erred mechanism if your application has data that is valuable to be shared, created, 

by other applications. For example many applications that deal with notes, 
audio, or video implement their data as content providers. This is also the case

^ost of Android’s core data-related sen/ices.

^ving state Using Network Storage
be s. Ork storage comes into play when the data created or used by an application needs to 
ip a ared via a network by other users on either the same platform or different platforms like 
bejn 0 ladorative application. This back-end sen/ice facility utilized by mobile application is 
that r. Cal.led MBaaS (Mobile Back-end As A Sen/ice). Parse.com is an example of a MBAAS 
Cor^J07'068 back-end sen/ices such as user management, user logins, security, social, 

on network storage, sen/er side business logie, and notifications.

deVl u a,s° natively uses a concept called sync adapters to transfer data between the 
andr0-.and network sen/ers. You can read more on sync adapters at http://devel.oper. 
9synch com/'training/syric-adapters/index.html. This is a framework that uses 
Sched |OnoiJS callbacks to optimize transfer of arbitrary amounts of data efficiently by 
d6taj| u ln9 and executing it at the most opportune moment. The framework sweats the 

and developers just provide the transfer codę.

http://greendao-orm.com/
mlite.com/
Parse.com
http://devel.oper
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That concludes the overview of various ways to save state for Android mobile applications- 
We will cover now two of those approaches in detail: SOLite and content providers. We wi 
start with the Android SOLite API.

Storing Data Directly Using SOLite
In this section we will explore in detail how to use SQLite effectively to manage Android 
application state. You will understand the extent of SQLite support in Android. We will 
show you the essential code snippets. We will show you best practices for using SOLite o 
Android. We will show you how best to load DDLs to create your database. We will show y 
a cleaner architectural pattern to abstract persistence sen/ices. We will show how to appW 
transactions through dynamie proxies. This section is a robust treatment of using SQLite on 
Android. We also have a sample program that you can download to see the complete worki 
implementation. Let’s start with a guick overview of SQLite packages and classes in Androi

Summarizing Key SOLite Packages and Classes
Android supports SQLite through its Java package android.database.sqlite. Some of 
the key classes you will need to understand for effectively using the Android SQLite API 
are listed in Listing 25-4. Notę that some of the classes are outside the android.database• 
sqlite package.

Listing 25-4. Key SOLite Java Classes in the Android SDK
android.database.sqlite.SOLiteDatabase
android.database.sqlite.SOLiteCursor
android.databa se.sqlite.SQLiteQueryBuilder
android.content.ContentValues
android.database.Cursor
android.database.SQLException
android.database.sqlite.SOLiteOpenHelper

Let’s talk about each of these packages and classes briefly.

SOLiteDatabase: SOLiteDatabase is a Java class that represents the database usually 
referring to a “.db” file on the file system. Using this object you can query, insert, update, 
or delete for a given table in that database. You can also execute a single arbitrary SQL 
statement. You can apply transactions. You can also use this object to define tables thrC' 
DDLs (Data Definition Language). DDLs are statements that let you create database enti 
such as tables, views, indexes, etc. Typically there is a single instance of this object in y 
application representing your database.

SOLiteCursor: This Java class represents a collection of rows that are returned from an s 
SOLiteDatabase. It also implements the android.database.Cursor interface. This object 
methods to navigate the rows one at a time like a forward database cursor and retrievih9 
the rows only as needed. This object can also jump forward or baekward if needed like 
random cursor by implementing windowing qualities. This is also the object you will use 
read the column values for any current row.
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. Q*-iteQueryBuilder: This is a helper Java class to construct an SOLite query string by
^/■ementally specifying table names, column names, where clause, etc., as separate fields.
his class has a number of set methods to gradually build up the query as opposed to

specifying the entire SQL Ouery as a string. You can also use the query methods directly on
e sQLiteDatabase class if your query is simple.

c°ntentValues: A Java object of this class holds a set of key/value pairs that are used by a 
nPrnber of SOLite classes to insert or update a row of data.
SQLException: Most Android SOLite database APls throw this exception when there are errors.

^LiteOpenHelper: This helper Java object provides access to an SOLiteDatabase by 
®Xarnining a few things: given a filename of the database, this object checks to see if that 
atabase is already installed and available. If it is available it checks to see if the version 

s the same. If the version is also the same it provides a reference to the SOLiteDatabase 
ePresenting that database. If the version is different it provides a callback to migrate the 
atabase prior to providing a valid reference to the database. If the database file doesn’t 
kist then it provides a callback to create and populate the database. You will extend this 

. ase class and provide implementations to these various callbacks. You will see this shortly
*he provided code snippets.

$tiat is a quick summary of the key classes you use to save state of your application in an 
QLite database. Let us now turn to key concepts in using SOLite for managing application 
ate. Let’s start with creating a database.

^eating an SOLite Database
$reation of a database in Android is controlled through the SOLiteOpenHelper class. For 
ach database in your application you will have a Java database object that is an instance of 
ls class. This SOLiteOpenHelper object has a pair of get methods to get a reference to the 

ęPd-optimized (configured for) or write-optimized (configured for) SOLiteDatabase object.
reating or getting access to your SOLite database object involves the following:

1. Extending SOLiteOpenHelper and supplying the database name and 
version to the constructor of this derived class so that those values 
can be passed to the base class

2. Overriding the onCreate(), onUpgrade(), and onDowngrade() methods 
from SOLiteOpenHelper. You get a cali to onCreate () if this database 
is not there. You get a cali to onUpgrade() if the version of the 
database is newer, and a cali to onDowngradeO if the version of the 
database is older from the one that is on the device. You will use 
execute DDL statements in these methods to create or adjust your 
database. If your database is not new or has the same version, then 
neither of these callbacks will be invoked.

3- Have a single static reference to this derived object. Cali get 
methods on this object to get a reference to a copy of readable or 
writable database. Use these database references to perform CRUD 
operations and transactions.
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Listing 25-5 is a code snippet that demonstrates how these steps are implemented in 
creating a database called “booksqlite.db", a database to hołd a single table of books an 
their detail.

Listing 25-5. Using SOLiteOpenHelper
II File reference in project: DirectAccessBookDBHelper.Java 
/**
* A complete example of SOLiteOpenHelper demonstrating
* 1. How to create a databases
* 2. How to migrate a database
* 3. How to hołd a static reference
* 4. How to give out read and write database references 
*
* This class also can act as a DatabaseContext.IFactory to produce read and write
* database references. This aspect is not critical to understanding but included
* for advanced readers and for some materiał later in the chapter.
*/
public class DirectAccessBookDBHelper extends SOLiteOpenHelper
implements DatabaseContext.IFactory 
{

//there is one and only one of these database helpers
//for this database for this entire application
public static DirectAccessBookDBHelper m_self =

new DirectAccessBookDBHelper(MyApplication.m_appContext);

//Name of the database on the device
private static finał String DATABASE_NAME = "bookSOLite.db"j

//Name of the DDL file you want to load while creating a database
private static finał String CREATE_DATABASE_FILENAME = "create-book-db.sql";

//Current version number of the database for the App to work
private static finał int DATABASE_VERSION = 1;

//łust a logging tag
private static finał String TAG = "DirectAccessBookDBHelper";

//Pass the database name and version to the base class
//This is a non public constructor
//Clients can just use m_self and not construct this object at all directly
DirectAccessBookDBHelper(Context context) {

super(context,DATABASE_NAME,nuli,DATABASE_VERSION);
//Initialize anything else in your system that may need a
//reference to this object.
//Example: DatabaseContext.initialize(this);

}
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@°verride
Public void onCreate(SQLiteDatabase db) {

try {
//No database exists. Load DDL from a file in the assets directory 
loadSOLFrom(this.CREATE_DATABASE_FILENAME,db);

catch(Throwable t) {
//Problem creating database
throw new RuntimeException(t);

1 function to load one SQL statement at a time using execSQL method 
Private void loadSQLFrom(String assetFilename, SOLiteDatabase db)

List<String> statements = getDDLStatementsFrom(assetFilename);
f°r(String stmt: statements){

Log.d(TAG,"Executing Statement:" + stmt);
db.execSQL(stmt);

Ptimize this function for robustness.
/, °r now it assumes there are no comments in the file 

. statements are separated by a semicolon
rivate List<String> getDDLStatementsFrom(String assetFilename) { 

ArrayList<String> 1 = new ArrayList<String>();
String s = getStringFromAssetFile(assetFilename);
'or (String stmt: s.split(";")) {

//Add the stmt if it is a valid statement
if (isValid(stmt)) {

l.add(stmt);

return 1;

Private boolean isValid(String s) {
//write logie here to see if it is nuli, empty etc.
return true; //for now

®°verride
PUblic wid onllpgrade(SQLiteDatabase db, int oldVersion, int newVersion) {

//Use old and new version numbers to run DDL statements
j //to upgrade the database

//Th*^ y°Ur sPeci"fic application object to remember the application context 
. en using that application context to read assets

rrvate String getStringFromAssetFile(String filename) {
Context ctx = MyApplication.m_appContext;
rf ( ctx == nuli) {

throw new RuntimeException("Sorry your app context is nuli1');
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try {
AssetManager am = ctx.getAssets();
InputStream is = am.open(filename);
String s = convertStreamToString(is);
is.close(); 
return s;

}
catch (IOException x) {

throw new RuntimeException("Sorry not able to read filename:" + filename,x), 
}

}
//Optimize later. This may not be an efficient read
private String convertStreamToString(InputStream is) throws IOException { 

ByteArrayOutputStream baos = new ByteArrayOutputStream();
int i = is.read();
while (i != -1) { 

baos.write(i);
i = is.read();

}
return baos.toString();

}
//Here are some examples of how to get access to readable and
//writable databases. These methods will make sense once we get through the
//the transactions applied through dynamie proxies
/*
public ReadDatabaseContext createReadableDatabase() {

return new ReadDatabaseContext(this.getReadableDatabase());
}
public WriteDatabaseContext createWritableDatabase() {

return new WriteDatabaseContext(this.getWritableDatabase());
}
*/

}//eof-class DatabaseHelper
//Here is the code for MyApplication to remember the context
public class MyApplication extends Application {

public finał static String tag="MyApplication";
public static volatile Context m_appContext = nuli;

@0verride
public void onCreate() {

super.onCreate();
MyApplication.m_appContext = this.getApplicationContext();

}
}
//assets/create-book-db.sql
CREATE TABLE t_books (id INTEGER PRIMARY KEY, 

name TEXT, isbn TEXT, author TEXT, 
created_on INTEGER, created_by TEXT, 
last_updated_on INTEGER, last_updated_by TEXT
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Mining a Database Through DDLs
Listing 25-5, the DirectAccessBookDBHelper is a derived class of SOLiteOpenHelper that 

l °Ws us to examine an existing database and see if it needs to be created or just migrated 
ased on its version.

method onCreate()is called only if this database does not exist on the device. Without 
s e sQLiteOpenHelper we would have had to examine the physical location of this file and 
ee if jf exists. In other words SOLiteOpenHelper is really a thin wrapper that is saving us a 

^rnber of “if-else” clauses to examine the database and do the necessary initialization: be it 
eating it or migrating it.

A n

umber of examples for creating an Android database on the Internet use embedded DDL 
rings in Java code to create the tables needed. As DDL statements, strings in Java code 
e difficult to read and error prone. A better approach is to put these database creation 
riPts in a text file in the assets directory. Sample code in Listing 25-5 demonstrates how to 

a ad a text file from an assets directory of your application and use the execSQL() function 
Slabie on the SOLiteDatabase to initialize the database.

^imitation of execSQL() is it can execute only one SOL statement at a time. That is why 
a $ c°de in Listing 25-5 reads the script file and parses it into a series of statements using 

syntax. You may want to scour the Internet to see better parsing Utilities to allow a 
cia^1"Script file support. Another alternative, if it works for your case, is to have a schema 
ne Ss whose sole purpose is contain static public strings for your DDL as it alleviates the 
refed for parsing files. We have links to some of these Java-based libraries in the online 
havrenCeS Prowded at the end of this chapter. Especially, Java-based tools using ANTLR 

6 a lot of promise for complex database setups.
Yh

function also wraps its execution in a transaction so that the executed 
IaPase is consistent.

ass°U have a lot of scripts ił is also possible to create the database entirely and keep it in the 
itą ,ets folder. During deployment if the database doesn’t exist you can just copy the file to 
s target location.

^'SRating a Database
°nUS^ated the SOLiteOpenHelper recognizes version numbers and appropriately calls the 
of method to upgrade the database. Here also you may want to keep series
diffCripts in the assets folder that can alter the database appropriately depending on the 

in the version numbers. Keep in mind that the version number on the device
ąrey be smaller or larger than your target version. So you may need a set of Scripts that 
Vi to each conversion sequence: Going from V1 to V3 or from V2 to V3 or V3 to 
cOnv °'ng backwards may require either warnings or dynamie downloading of server-side 
to h ersi°ns to an older version, as the source code of an older version of the app is unlikely

Ve the needed Utilities to step down from a futurę version.
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Inserting Rows
At its core, inserting a row with its column values into SOLiteDatabase is merely calling the 
insert-related methods on the SOLiteDatabase object. Pseudocode that explains this is 
shown in Listing 25-6.

Listing 25-6. Basics of Inserting a Row Using SOLiteDatabase
//Get a reference to the database object
//Depending on the framework you have there could be many ways of doing this 
SOLiteDatatabase db = DirectAccessBookDBHelper.m_self.getReadableDatabase(); 
String tablename; //which table you want to insert the row into

//populate a structure with the needed columns and their values 
ContentValues cv = new ContentValues();
cv.put(columnNamel, columnlValue); //etc.

//A column that could be nuli if 'cv' is empty if an empty row is needed 
//Provide nuli if that behavior is not needed
String nullColumnName = nuli;

//Insert the row
long rowld = db.insertOrThrow(tablename, nullColumnName, cv);

This code is really simple. Inserting any Java object using this code is merely reading its 
attributes and putting those values into the ContentValues data set and just insert. As far 
Android’s SOLite insert capabilities are concerned, that is all you need to know.

łhP 
How best to structure to get to your Java objects and how to convert those values into 
content values depends on your framework. This is a tedious process to do correctly- 
again, this detail is not essential for the basie understanding of insert. You will need this 
level of rigor for most of your applications. You can skip this if you think this is complica 
but we are including it here as we feel you will need this level of rigor for most of your 
applications.
So getting the right column names and values for inserting rows requires some work arid y 
typically need the following (irrespective of the framework you use):

1. A Java object that typically represents the row in a database, for 
example, a Book object

2. A table name to hołd a set of books

3. String names for the columns available in the Books table

4. Finally, calling the insert method to persist the Book object as a row in 
the Books table

We will give code snippets (some in pseudocode fashion) for each of these needs. s 
For actual code you can download the project for this chapter. Here are a couple of cis 

in Listing 25-7 that represent a Book object in Java code.
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st!ng 25-7. Ensuring Minimal Dependency Between Domain Objects and Persistence
Buki^e re^erence in project: BaseEntity.Java
Public class BaseEntity {

Private int id; //database identifier

Private String ownedAccount = nuli; //Multi-tenant if needed
Private String createdBy;
Private Datę createdOn;
rivate String lastUpdatedBy;
rivate Datę lastUpdatedOn;

Public BaseEntity(String ownedAccount, String createdBy, Datę createdOn, 
String lastUpdatedBy, Datę lastUpdatedOn, int id) {

super();
this.ownedAccount = ownedAccount;
this.createdBy = createdBy;
this.createdOn = createdOn;
this.lastUpdatedBy = lastUpdatedBy;
his.lastUpdatedOn = lastUpdatedOn;

this.id = id;

^°r persistence
public BaseEntity(){)

generated get/set methods
} e ln,inated here for space. See the downloads

Pubn^e reterence in project: Book.Java
{ c cla« Book extends BaseEntity

data fields
************************$*******

Private string name;
P^vate String author;
^te string isbn;

*********************************

lc Book(String ownedAccount, String createdBy, Datę createdOn,
String lastUpdatedBy, Datę lastUpdatedOn, String name,
String author, String isbn) {

^Per(ownedAccount, createdBy, createdOn, lastUpdatedBy, lastUpdatedOn,-1); 
this.name = name;
this.author = author;

j this.isbn = isbn;

^h persistence
;;«bwo o
ll nerated methods get and set methods...

//and ^°^owtn8 method is here for testing purposes
also to see how a book object is typically created
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public static Book createAMockBook() {
String ownedAccount = "Accountl";
String createdBy = "satya";
Datę createdOn = Calendar.getInstance().getTime();
String lastllpdatedBy = "satya";
Datę lastllpdatedOn = Calendar.getInstance().getTime();

//See how many books I have and increment it by one
//The following method returns a collection of books in the database
//This is not essential for your understanding here
//You will see this clarified when you read the section of transactions 
List<Book> books = Seryices.PersistenceServices.bookps.getAllBooks(); 
int i = books.size();
String name = String.format("Book %s",i);
String author = "satya";
String isbn = "isbn-12344-" + i;

return new Book(ownedAccount,createdBy,createdOn, 
lastllpdatedBy, lastllpdatedOn, 
name,author,isbn);

This listing has two Java classes: a BaseEntity and a Book that extends the BaseEntity- 
Objects that look like a Book in Listing 25-7 are called domain objects. These are pure Ja 
objects that can move around in the Java space of your program without being burden6 
their behavior relating to persistence. However, who created these objects, when they 
created, and such attributes are encapsulated in the BaseEntity so that all domain obje6 
have this basie information.
Because the SOLite database methods require explicit column names for these objects 
aspect is defined in a separate set of classes that describe the metadata for these obje6 
These supporting classes are given in Listing 25-8.

Listing 25-8. Defining Metadata for Domain Objects

II File reference in project: BaseEntitySQLiteSQLiteMetaData.Java
public class BaseEntitySOLiteSOLiteMetaData {

static public finał String OWNED_ACCOUNT_COLNAME = "owned_account";
static public finał String CREATED_BY_COLNAME = "created_by";
static public finał String CREATED_ON_COLNAME = "created_on";
static public finał String LAST_UPDATED_ON = "last_updated_on";
static public finał String LAST_UPDATED_BY = "last_updated_by";
static public finał String ID_COLNAME = "id";

}
// File reference in project: BookSQLiteSQLiteMetaData.lava
public class BookSOLiteSOLiteMetaData extends BaseEntitySOLiteSOLiteMetaData {

static public finał String TABLE_NAME = "t_books";
static public finał String NAME = "name";
static public finał String AUTHOR = "author";
static public finał String ISBN = "isbn";
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Tht 6se two classes parallel their respective BaseEntity and Book object classes. You have 
. Pay attention that the column names match to those in the database. So this need is 

Pdamentally error prone. Unless you use an O/R mapping library and craft one of your 
Wn. this issue will remain and you have to test well. It is defining these classes explicitly by 
e Programmer that is eliminated in the O/R mapping tools that we discussed earlier.

^ow that we have a Java class to represent a book and its metadata definition, that tells us 
in th3^*6 name and the fields we can proceed to write the Java code to save a book object 

116 database, as shown in Listing 25-9 (notę that this is still pseudocode and use the 
wnload to see any missing details).

s,i ng 25-9. Using Android SOLite APls to Insert a Row
PrjF^e in project: BookPSSQLite.3ava

long createBook(Book book) {
/cet access to a read database

^LiteDatabase db = DirectAccessBookDBHelper.m_self.getWritableDatabase();

''HU fields from the book object into the content values

^°ntentValues bcv = new ContentValues();
• • • • fili other fields example

cv•put(BookSOLiteSOLiteMetaData.NAME, book.getName());
Cv-put(BookSOLiteSOLiteMetaData.ISBN, book.getlsbn());

•put(BookSOLiteSOLiteMetaData.AUTHOR, book.getAuthor());
• • • • fili other fields

^f bcv is an empty set, then an empty row can possibly be inserted.
is no-f- case ^or our b00k table. If it were though, the empty bcv

//a 1 resu^ in an insert statement with no column names in it.
//t ^east one c°lumn name is needed by SQL insert syntax.

i is one of these column names that goes below. For us this is not case so a nuli
ring nullColumnName = nuli;

l°ng rowld = db.insertOrThrow(BookSQLiteSQLiteMetaData.TABLE_NAME,

nullColumnName, 
bcv);

} return rowld;

SaVe°g'c *n Listing 25-9 is quite simple. Get a reference to a Book object we want to 
^-9°^the field values from the book into a ContentValues key/value pair object. Use 

data classes to define the field names correctly. Use the filled-in ContentValues object
Cor^0911 the insert method. If we don’t do anything, the insert is encapsulated in an auto 
eUtho™*’ wil1 talk about bow t0 do transactions shortly, as the theory of it is a bit involved 
pri^ code is quite simple to write. The insert method returns the newly inserted

^ey ID for this table. Tbls convention of returning the primary key of the table comes 
e underlying SOLite product documentation and is not Android specific.

ten is related to the syntax of the SQL insert statement. If the row has
is jns Urnns but only two columns and their non-null values are indicated, then a new row 
Wi|| ed W|th those two columns, and it is expected that the remaining eight columns 

°w nulls. If you want a row with every column as nuli it is possible to issue an insert 
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statement with no column names at all, matching the empty content values set. However, 
insert statement with no column names is not allowed. So this parameter nulIColumnNam 
can contain one of the column names that could be nuli so that the insert statement synta 
requirement is satisfied. The rest of the columns will be madę nuli by the database interna 
when this row is inserted. Usually this column name is passed in as nuli because it is rare 
that we want to insert a row where every column is empty or nuli.

Updating Rows
Listing 25-10 is a sample pseudocode snippet (for fuli codę see the download project) to 
show how to update a row in the database. Notice how Book object and BookSOLiteMeta 
classes are used to minimize errors in specifying table names and column names. The 
approach is similar to the insert method.

Listing 25-10. Android SOLiteAPI to Update a Record
II File reference in project: BookPSSQLite.3ava
public void updateBook(Book book) {

if (book.getld() < 0) {
throw new SOLException("Book id is less than o");

}
//Get access to a read database
SOLiteDatabase db = DirectAccessBookDBHelper.m_self.getWritableDatabase();

//Fili fields from the book object into the content values
ContentValues bcv = new ContentValues();
//.... fili other fields
bcv.put(BookSOLiteSOLiteMetaData.NAME, book.getName());
bcv.put(BookSOLiteSOLiteMetaData. ISBN, book.getlsbn());
bcv.put(BookSOLiteSOLiteMetaData.AUTHOR, book.getAuthor());
U.... fili other fields

//You can do this
String whereClause = String.format("%s = %s",Book$QLiteSQLiteMetaData.ID_COLNAME, 
book.getld());
String whereClauseArgs = nuli;
//Or the next 4 lines (this is preferred)
String whereClause2 = BookSOLiteSOLiteMetaData.ID_COLNAME + " = ?";
String[] whereClause2Args = new String[l];
whereClause2Args[l] = Integer.toString(book.getId());

int count = db.update(BookSQLiteSQLiteMetaData.TABLE_NAME, bcv, whereClause2, 
whereClause2Args);
if (count == 0) {

throw new SOLException(
String.format("Failed to update book for book id:%s",book.getld()));

}
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D^eting Rows
^'ig 25-11 is an example of how to delete a row from the database.

St'na 25-11. Android SOLite API to Delete a Record
Il p-J 1
byki• reference in project: BookPSSOLite.Java

void deleteBook(int bookid){
-Get access to a writable database

- iteDatabase db = DirectAccessBookDBHelper.m_self.getWritableDatabase();

^r}ng tname = BookSQLiteSQLiteMetaData.TABLE_NAME;
ring whereClause =
String.format("%s = %s;",

BookSOLiteSOLiteMetaData.ID_COLNAME, 
bookid);

^^g[] whereClauseargs = nuli;
i = db.delete(tname,whereClause, whereClauseargs);

(i != 1) {
throw new RuntimeException("The number of deleted books is not 1 but:" + i);

fading Rows
fror^c ^'12 shows pseudocode snippet (for fuli code see the download project) to read 
obje t L'te USin9 the sQLiteDatabase.query() method. This method returns a Cursor

1 which you can use to retrieve each row.
^sting25 io a .

* 12 Android SOLite API to Read Records
11 File
Pubu reterence in project: BookPSSOLite.Java
f* List<Book> getAHBooks() {

5q. access to a read database
- rteDatabase db = DirectAccessBookDBHelper.m_self.getReadableDatabase();

//G1?8 tname = BookSOLiteSOLiteMetaData.TABLE_NAME;
z/fs C°lumn name array from the metadata class
//( Download how the column names are gathered)
Str r^e end tbe day it is just a set of column names

ln6[] colnames = BookSOLiteSOLiteMetaData.s_self.getColumnNames();

^Sęlection
Sfrln® selection = nuli; //all rows. Usually a where clause. exclude where part 

ln§[] selectionArgs = nuli; //use ?s if you need it

Str' groupBy = nuli; //sql group by clause: exclude group by part
Sng having = nuli; //similar
Strin8 vderby = null;

8 LimitClause = nuli; //max number of rows
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//db.query(tname, colnames)
Cursor c = nuli;

c = db.query(tname,colnames,selection,selectionArgs,groupBy,having,orderby,limitdau5e)
//This may not be the optimal way to read data through a list
//Directly pass the cursor back if your intent is to read these one row at a time
List<Book> bookList = new ArrayList<Book>();
for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {

Log.d(tag,"There are books");
Book b = new Book();

//..fili base fields the same way
b.setName(c.getString(c.getColumn!ndex(BookSOLiteMetaData.NAME)));
b.setAuthor(c.getString(c.getColumnIndex(BookSQLiteMetaData.AUTHOR)));
b.setlsbn(c.getString(c.getColumnIndex(BookSQLiteMetaData.ISBN)));
//..fili other fields

//Or you could delegate this work to the BookSOLiteMetaData object
//as we have done in the sample downloadable project
//Ex: BookSOLiteSOLiteMetaData.s_self.fillFields(c,b);

bookList.add(b);
}
return bookList;

}
finally {

if (c!= nuli) c.close();

Here are a few facts about an Android cursor object:

■ A cursor is a collection of rows.

■ You need to use moveToFirst() before reading any data because the 
cursor starts off positioned before the first row.

■ You need to know the column names.

■ You need to know the column types.

■ All field-access methods are based on column number, so you must 
convert the column name to a column number first. Notę that this 
lookup can be optimized. It’s more efficient to populate the column 
name array in order if you wish to fetch the values and then use explicit 
constant indices on the cursor.

■ The cursor is random (you can move forward and backward, and you 
can jump).

■ Because the cursor is random, you can ask it for a row count.
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Applying Transactions
the so! • brar'eS °n Android support transactions. The transaction methods are available on 
see th lteDatabase class. These methods are shown in pseudocode snippet (for fuli code 

ne d°wnload project) in Listing 25-13.

in9 25-13. SOLite API for Transactions
U Fil
Publjre re'ference in project: DBServicesProxyHandler.Java

v°id doSomeUpdates() {
dh u eDatabase db; //Get a reference to this database through helper

dk'"CaH a number database methods
} •setTransactionSuccessful();

finally {
} db,endTransaction();

’U|nmarizing SOLite
f Y°u arp o ।
is sUff a Java programmer with a few years of experience, what we have covered so far 
knOw 5lent to understand the SOLite API in Android. With the materiał covered so far, you 
ro^ d°W to check for a database, create a database through DDL, insert rows, update 
fortra e ete rows’ or read usin9 database cursors. We have also showed you the basie API 
ar© trick actions- However, if you are not an experienced hand at Java, database transactions 
Pattern t0 irnP|emerit correctly and efficiently. The next section will tell you an APl-based 

using Java dynamie proxies.

You*119 Transacti°ns Through Dynamie Proxies
brick your mobile application as a collection of two bricks: An API brick and a Ul
U| ® APi brick will have a series of stateless methods that provide logie and data to the 
AP| by m n tfl'S context the method in Listing 25-13 doSomeUpdates() is considered a reusable 
Whether ^arts Ui or by other APls. Because it is a reusable API the client decides 
the Ąp| something should be committed or not committed in that transaction. This means 
^ceg..8 . Id not be dealing with transactions most of the time. It is very much like a stored 
c°ntajnere 'n a re*atlonal database. A stored procedurę rarely does transactions directly. The 

r °f th® stored procedurę decides to commit or not commit external to the stored
c°rnmitt H '°9'c 's this: the storecl procedurę is invoked by itself then its output is 
Pr°cedur at tbe stored procedurę level. If the stored procedurę is called by another stored 
It ic L e tbe commit waits until the main invoking stored procedurę is complete.
. s better tn
^Plernenr ° USe same strategy for these APls in your application to reduce the complexity in 
'f ^'s is a rf^ Th's 's done intercepting calls to all the APls to make a determination 
^ransaC|। lrect ca" or being called by another API that is already being monitored for a

n‘ There are a number of ways to intercept the API calls that need to be intercepted.
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This is also sometimes called Aspect-Oriented Programming or AOP. AOP needs sophisticate 
tooling to do. Java provides a less sophisticated but straightforward way to do this through 
dynamie proxies. A dynamie proxy is a facility in Java, based on Java reflection, that allows y0^ 
to intercept calls to an underlying object without the object being aware of it. When a client ca 
the object through this proxy, the Client thinks it is talking to the object directly. However, the 
proxy can choose to apply other aspects (like security, logging, transactions, etc.) before sen 1 
the cali to the real object. The included project for this chapter provides a fuli implementation 
dynamie proxy that automatically applies the transactional aspects.
We will show you first what your API implementations look like once a dynamie proxy is lfl 
place. This will give you an idea of the simplicity of this approach to transactions first. ^e,e 
you can see if you want to take this route and use dynamie proxies. As we present the co 
below notę that we will be including only snippets or samples and not the entire codę. Us® 
the downloadable project for fuli details. We have annotated the download project with a 
lot of comments to help your understanding. With that caveat consider the API to work wi 
Book-based objects.

Listing 25-14. API-Based Interfaces for Working with the Book Domain Object
II File reference in project: IBookPS.lava
public interface IBookPS {

public int saveBook(Book book);
public Book getBook(int bookid);
public void updateBook(Book book);
public void deleteBook(int bookid);
public List<Book> getAHBooks();

This interface defines operations using Java-based objects. The letters “PS” at the end o 
IBookPS sen/ice indicates that this is a persistence sen/ice API for a book. Listing 25-15 
shows an SQLite implementation for the IBookPS

Listing 25-15. Implementing the Book APls Using SOLite
II File reference in project: BookPSSOLite.Java
U The missing classes in this codę are in the download and not essential for
U exploring the idea.
// ASOLitePS is a class that contains reusable common methods like getting access
II to the read and write databases using the singleton database helper.
public class BookPSSQLite extends ASOLitePS implements IBookPS {

private static String tag = "BookPSSOLite";
@Override public int saveBook(Book book) {

//get the database
//case: id does not exist in the book object
if (book.getld() == -1) {

//id of the book doesn't exist so create it
return (int)createBook(book);

}
//case: id exists in book object
updateBook(book);
return book.getld();
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-^^d® woi<l deleteBook(int bookid){
SOLiteDatabase db = getWriteDb();
^ring tname = BookSQLiteSQLiteMetaData.TABLE_NAME;
tring whereClause =

String.formatC^s = %s;",
BookSOLiteSOLiteMetaData.ID_COLNAME, 
bookid);

String[] whereClauseargs = nuli;
^t i = db.delete(tname,whereClause, whereClauseargs);
lf (i != 1) {

throw new RuntimeException("The number of deleted books is not 1 but:" + i);

Pri/^e 10,18 createBook(Book book) {

'book doesn't exist
//create it
SOLiteDatabase db = getWriteDb();

C°ntentValues bcv = this.getBookAsContentValuesForCreate(book);

don't need to insert an empty row
usually any nullable column name goes here if I want to insert an empty row.
ring nullColumnNameHack = nuli;

'Construct values from the Book object. SQLException is a runtime exception
iong rowld = db.insertOrThrow(BookSQLiteMetaData.TABLE_NAME, nullColumnNameHack, bcv);

} return rowld;
^^ride public void updateBook(Book book) {

(book.getld() < 0) {
throw new SQLException("Book id is less than 0");

SOLiteDatabase db = getWriteDb();
ontentValues bcv = this.getBookAsContentValuesForUpdate(book);

8etJd())nng whereClause = String.format("%s = %s",BookSOLiteMetaData.ID_COLNAME,book.

^ereArgs[o] = BookSQLiteMetaData.ID_COLNAME;
ereArgs[i] = Integer.toString(book.get!d());

r^t count = db.update(BookSOLiteMetaData.TABLE_NAME, bcv, whereClause, nuli);
rt (count == o) {

throw new SQLException(
। String.format("Failed to update book for book id:%s",book.getld()));

c a e ContentValues getBookAsContentValuesForUpdate(Book book) { 

entValues cv = new ContentValues();
. °H°wing code loads column values from book object to the cv

Bo downloadable project for the mechanics of it
ret SOLiteMetaData.S-Self.fillUpdatableColumnValues(cv, book);
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priwate ContentValues getBookAsContentValuesForCreate(Book book) {
ContentValues cv = new ContentValues();
BookSOLiteMetaData. s_self. f illAHColumnValues (cv, book);
return cv;

}
@0verride public List<Book> getAllBooks() {

SOLiteDatabase db = getReadDb();
String tname = BookSOLiteMetaData.TABLE_NAME;
String[] colnames = BookSOLiteMetaData.s_self.getColumnNames();

//Selection
String selection = nuli; //all rows. Usually a where clause. exclude where part 
String[] selectionArgs = nuli; //use ?s if you need it

String groupBy = nuli; //sql group by clause: exclude group by part
String having = nuli; //similar
String orderby = nuli;
String limitClause = nuli; //max number of rows
//db.query(tname, colnames)
Cursor c = nuli;

try {
c = db.query(tname,colnames,selection,selectionArgs,groupBy,having,orderby, 
limitClause);
//This may not be the optimal way to read data through a list . e
//Directly pass the cursor back if your intent is to read these one row at a 1 
List<Book> bookList = new ArrayList<Book>();
for(c.moveToFirst();!c.isAfterLast();c.moveToNext())
{

Log.d(tag,"There are books");
Book b = new Book();
BookSOLiteMetaData.s_self.fillFields (c, b);
bookList.add(b);

}
return bookList;

}
finally {

if (c!= nuli) c.close();

@0verride public Book getBook(int bookid) {
SOLiteDatabase db = getReadDb();
String tname = BookSOLiteMetaData.TABLE_NAME;
String[] colnames = BookSOLiteMetaData.s_self.getColumnNames();

//Selection
String selection =

String.format("%s = %s",
BookSOLiteMetaData.ID_COLNAME, 
bookid);
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^/all rows. Usually a where clause. exclude where part
t^gt] selectionArgs = nuli; //use ?s if you need it

String groupBy = nuli; //sql group by clause: exclude group by part
String having = nuli; //similar
String orderby = nuli;
String limitClause = nuli; //max number of rows
/db.query(tname, colnames)
ursor c = db.query(tname,colnames,selection,

try {
selectionArgs,groupBy,having,orderby,limitClause);

(c.isAfterLast()) {
Log.d(tag,"No rows for id" + bookid); 
return nuli:

}
Book b = new Book();
BookSQLiteMetaData.s_self,fillFields(c, b); 
return b;

finally { 
c.close();

}//e°f-class

trang6 implementation of the Book persistence API does not directly deal with the 
dynaac^ona' aspects of these methods. Instead, the transactions are handled by Java 
Ąp| 0110 Pr°xy, which we will show shortly. Listing 25-16 shows how a client can see these 
P^ieT^ 'nv°ke these persistence APls indirectly (again, please refer to the download 
eseQ3S for ciasses that are referenced in this code but not listed here as they are not

'al for understanding).
L'sting 25-1 c

lb- Client Access to APl-Based Services
// Fiie .
// Bas eterence in project: SQLitePersistenceTester.lava
// ? ester is just a helper class to provider common functionality
Publiclm?^ements some logging and report back methods to the UI activity

pri c ass SQLitePersistenceTester extends BaseTester {

static String tag = "SOLitePersistenceTester";
//Services is a static class that provides access to persistence services
//lfr^ces class provides visibility to the implementer of the IBookPS
//y demonstrates how a client gets access to the namespace of services

°u will shortly see what this class is. Understand the intent first.
//IR9'6 ^Boo*<ps bookPersistenceServi.ce = Services.PersistenceServices.bookps;

//Ut6^^1^830^ a l°gging interface to report loggable events back to the UI 
$q^. then choose to log those events and also show on the activity screen.

1 epersistenceTester(Context ctx, IReportBack target) {
} ^pP^^(ctx, target,tag);
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//Add a book whose id is one larger than the books
//in the database
public void addBook() {

Book book = Book.createAMockBook();
int bookid = bookPersistenceService.saveBook(book);
reportString(String.format("Inserted a book %s whose generated id now is %s" 

,book.getName() 
,bookid));

}
//Delete the last book
public void removeBook() {

List<Book> bookList = bookPersistenceService.getAllBooks();
if( bookList.size() <= 0)
{

reportString("There are no books that can be deleted"); 
return;

}
reportString(String.format("There are %s books. First one will be deleted", 
bookList.size()));

Book b = bookList.get(O);
bookPersistenceService.deleteBook(b.getld());
reportString(String.format("Book with id:%s successfully deleted", b.getld()))> 

}

//write the list of books so far to the screen
public void showBooks() {

List<Book> bookList = bookPersistenceService.getAHBooks();
reportString(String.format("Number of books:%s", bookList.size()));
for(Book b: bookList) {

reportString(String.format("id:%s name:%s author:%s isbn:%s"
,b.getld()
,b.getName()
,b.getAuthor() 
,b.getlsbn()));

}

//Count the number of books in the database
private int getCount() {

List<Book> bookList = bookPersistenceService.getAHBooks();
return bookList.size();

}
}

ln Listing 25-16, notice how simple it is to access the APls through the static class Servi 
Of course we haven’t shown you the implementation of Services and also the dynamie 
proxy held by the static class Sen/ices. Listing 25-17 shows the source code for the s 
Sen/ices class in order to give you an idea of how this scheme works. The goal of ^^Łg 
not all, of the listings in this chapter is to aid your understanding. For complete comp1 
source code we kindly reguest that you refer to the downloadable projects for this chap
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tin9 25-17. Exposing APls to Clients Through a Sen/ices Name Space
ll Fil
/** 1 e reference in project: Sen/ices. 3ava
* Ąn
„ row a namespace for clients to discover various sen/ices
* DSa^e? ^en/ices.persistenceSen/ices.bookps.addBook(); etc.
* proxy will take care of transactions.
* ^namac proxy will take care of mock data.
* garnie Proxy will allow more than one interface
*/ to aPPly the above aspects.

cl«s Seryices {
Buhi^C Stat^c String tag = "Services";
u He static class PersistenceSenrices {

this pointer during initialization
Public static IBookPS bookps = nuli:
static {

Services.init();
} }

^Although this method is empty, calling it
ouki• tragger all static initialization codę for this class 

llc static void init() {}
stat^6 S*atic Object mainProxy;

Z/A utility class to compile all database-related initializations so far 
//Gets the database helper going.
/See the download project how it uses the concepts presented so far to do this 
atabase.initialize();

//set up bookps
ClassLoader cl = IBookPS.class.getClassLoader();

/Add more interfaces as available
lass[] variousServiceInterfaces = new Class[] { IBookPS.class };

a big object that can proxy all the related interfaces 
for which similar common aspects are applied

/In this cases it is android SOLite transactions
mainProxy = Proxy.newProxyInstance(cl,

variousServiceInterfaces, new DBServicesProxyHandler())j

//Preset the namespace for easy discovery
} ersistenceServices.bookps = (IBookPS)mainProxy;

^otiCe h
CaHed h . DBServicesProxyHandler is a proxy for the implementation of IBookPS. When 
^ookpc^ clients> the DBServicesProxyHandler then calls the actual implementation for 
the / The actual implementation of IBookPS is shown in Listing 25-15. Lets turn to 
ref6ref1 err|entation of the dynamie proxy in Listing 25-18. Some of the codę and classes 
shoU|dCecl in Listing 25-18 are only available in the downloadable projects. However, that 

not hinder the generał understanding of the architecture of the dynamie proxy.
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Listing 25-18. Java Dynamie Proxy to Wrap the SOLite API Implementations
U File reference in project: DBServicesProxyHandler.Java 
/**

* DBServicesProxyHandler: A class to externalize SOLite Transactions.
* It is a dynamie proxy. See Services.Java to see how a reference to this is used. 
*
* This proxy is capable of hosting multiple persistence interfaces.
* Each interface may represent persistence aspects of a particular entity or a domain 

object
* like a Book. Or the interface can be a composite interface dealing with multiple 

entities.
*
* It also uses ThreadLocals to pass the DatabaseContext
* DatabaseContext holds a reference to the database that is on this thread
* It also knows how to apply transactions to that database
* It also knows if the current thread also has a running transaction
* @See DatabaseContext 
*
* DatabaseContext provides the SOLiteDatabase reference to
* the implementation classes. 
*
* Related classes
* ****************
* Services.Iava : Client access to interfaces
* IBookPS: Client interface to deal with persisting a Book
* BookPSSOLite: SOLite Implementation of IBookPS 
*
* DBServicesProxyHandler: This class that is a dynamie proxy
* DatabaseContext: Holds a db reference for BookPSSOLite implementation
* DirectAccessBookDBHelper: Android DBHelper to construct the database 
*
*/

public class DBServicesProxyHandler implements InuocationHandler {
private BookPSSOLite bookServiceImpl = new BookPSSQLite();
private static String tag = "DBServicesProxyHandler";
DBServicesProxyHandler(){}
public Object invoke(Object proxy, Method method, Object[] args)

throws Throwable {
logMethodSignature(method);
String mname = method.getName();
if (mname.startsWith("get")){

return this.invokeForReads(method, args);
}
else {

return this.invokeForWrites(method, args);
}

}
private void logMethodSignaturę(Method method){

String interfaceName = method.getDeclaringClass().getName();
String mname = method.getName();
Log.d(tag,String.format("%s : %s", interfaceName, mname));

}
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?L*Vate ^ject callDelegatedMethod(Method method, Object[] args)
ThroWs Throwable{

return method.invoke(bookService!mpl, args);

Priwate Object invokeForReads(Method method, Object[] args) throws Throwable {

//See comments above about DatabaseContext
if (DatabaseContext.isItAlreadyInsideATransaction() == true){

//It is already bound
return invokeForReadsWithoutATransactionalWrap(method, args);

else {
//A new transaction
return invokeForReadsWithATransactionalWrap(method, args);

}
P'ivate Object invokeForReadsWithATransactionalWrap(Method method, Object[] args)
thr°ws Throwable {

try {
DatabaseContext.setReadableDatabaseContext();
return callDelegatedMethod(method, args);

finally {
DatabaseContext.reset();

}
P’ivate Object invokeForReadsWithoutATransactionalWrap(Method method, Object[] args)
hr°ws Throwable {

y return callDelegatedMethod(method, args);

Private Object invokeForWrites(Method method, Object[] args) throws Throwable {

1 (DatabaseContext.isItAlreadyInsideATransaction() == true) {
//It is already bound
return invokeForWritesWithoutATransactionalWrap(method, args);

else {
//A new transaction
return invokeForWritesWithATransactionalWrap(method, args); 

}

Ol,2ect invokeForWritesWithATransactionalWrap(Method method, Object[] args)
°Ws Throwable {
try {

^atabaseContext.setWritableDatabaseContext();
atabaseContext.beginTransaction();
ject rtnObject = callDelegatedMethod(method, args);

atabaseContext.setTransactionSuccessful();
return rtnObject;
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finally { 
try {

DatabaseContext.endTransaction();
}
finally {

Databa seContext.reset();
}

}

private Object invokeForWritesWithoutATransactionalWrap(Method method, Object[] args)

throws Throwable {
return callDelegatedMethod(method, args);

}
}//eof-class

This codę in Listing 25-18 is the dynamie proxy implementation. We have not included 
all the details but sufficient detail is here to understand how this dynamie proxy perform3 
transactions in an automated aspect-oriented way. It examines the called method name 
through reflection to see if the method name starts with “get,” and if so then it assumes 
method doesn’t need a transactional context. Otherwise it marks the current thread as a 
transactional context. At the return of the method it completes the transaction as sUCCeLat 
lf there are other methods called in between, the dynamie proxy knows from the thread 
there is a transaction in place and hence ignores that method from a transactional aspeC 
perspective.
Now based on your need you may want to alter this protocol based on annotations or som 
other aspect of your interfaces, but you get the idea. This approach of separating APls r 
your Ul is good design and you can use any number of persistent stores without chang1™^ 
your client Ul codę. We strongly recommend that you adapt this approach irrespective o 
persistence mechanism you use, including the O/R mapping tools.

Exploring Databases on the Emulator and Available Devices
As you use SOLite as your persistence mechanism either directly or through content 
providers (next section), you may want to examine the resulting database files on the 
for debugging purposes.

The database files created by SOLite API are kept in the following directory:

/data/data/<fully-qualified-package-name>/databases
You can use Eclipse Android file explorer to locate the directory and copy the files to y0^r 
local drive and use native SOLite tools provided by SOLite directly to see and manipu'3 
that database.

You can also use tools provided both by Android and by SOLite to examine these 
databases. Many of these tools reside in the \<android-sdk-install-directory>\'tools 
subdirectory; others are in \<android-sdk-install-directory>\platform-tools.



CHAPTER 25: Exploring Android Persistence and Content Providers 587

e useful commands from these directories are

avd; T° see a list of AVDs or emulators
9db ator,exe @avdname: To start an emulator with a given name
adb'6^ devices: To see the devices or emulators

shell: To open a shell on the emulator or device

can use the following commands from an “adb shell.” These will work on the emulator 
°h a real device you will need root access.

1$ ^stem/bin : To see available commands
ls . R00^ level directories
ls °ata/data/com.android.providers.contacts/databases: an example 

/data/data/^databases: To see all databases on the device or emulator

* Were a find command in the included Android Unix shell, you could look at all the 
is‘t^'les- But there is no good way to do this with ls alone. The nearest thing you can do 

ls .p . .
'data/data/*/databases

Lj$ b comrnand> you will notice that the Android distribution has the databases shown in 
ln9 25-19 (depending on your release, this list may vary):

in925-ig_ A Few Sample Databases
alarms.db
^•db
ir?loads.db
^?al-db
Jtlngs.db
>s.db
eMony.db

VqU Can '
n mvoke sqlite3 on one of these databases inside the adb shell by typing this: 

s91it63 /data/data/com.android.providers.contacts/databases/contacts.db

Cann exit sqlite3 by typing this:

NotiCe
bg nat the prompt for adb is # and the prompt for sqlite3 is sqlite>. These prompts could 
Visitiri Srent dePe"ding on the device. You can read about the various sqlite3 commands by 
yoq sqlite.org/sqlite.html. However, we will list a few important commands here so

on t have to make a trip to the Web. You can see a list of tables by typing
S,l“« -tables
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This command is a shortcut for querying on the sqlite_master table as shown in Listing 25 2^ 

(format and structure of the resulting output may vary).

Listing 25-20. Using SOLite sqlite_master Table
SELECT name FROM sqlite_master
WHERE type IN ('table','view') AND name NOT LIKE 'sqlite_%'
UNION ALL
SELECT name FROM sqlite_temp_master
WHERE type IN ('table',’view')
ORDER BY 1

The table sqlite_master is a master table that keeps track of tables and views in the 
database. The following command linę displays a create statement for a table called pe°P 
in contacts.db (assuming this database exists on your device):

.schema people

This is one way to get at the column names of a table in SOLite. This will also show the 
column data types. While working with content providers, you should notę these column 
types because access methods depend on them. Also notę that this may not be a pract'c 
way to see these databases as you may not have access to them on real devices. In tha 
case you have to rely on the documentation provided by the content provider.

You can issue the following command from your OS command prompt to puli down the 
contacts.db file to the local file system:

adb puli /data/data/com.android.providers.contacts/databases/contacts.db * 
c:/somelocaldir/contacts.db

The sample SQL statements in Listing 25-21 could help you navigate through an SQLite 
database quickly (alternatively you can use any third-party SOLite browser tool):

Listing 25-21. Sample SOL Code for SOLite
--Set the column headers to show in the tool
sqlite>.headers on

- -select all rows from a table 
select * from tablel;

- -count the number of rows in a table
select count(*) from tablel;

- -select a specific set of columns 
select coli, col2 from tablel;

- -Select distinct values in a column 
select distinct coli from tablel;

--counting the distinct values
select count(coll) from (select distinct coli from tablel);
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by
count(*), coli from tablel group by coli;

3’0in
whpr * from tablel tl, table2 t2

re tl.coli = t2.coll;

"Giv^ °u1:er J°in
$e^ me everything in tl even though there are no rows in t2
on * ^rom table tl left outer join table2 t2

^Ploring Content Providers
apJer 'n *be chapter we touched upon content providers to share data between 
Could ations’ Content providers as stated are wrappers around a data storę. The data stores 

a be local or remote. The data stores are usually SOLite databases on the local device.

ą s^trieve data from a content provider or save data into a content provider, you will use 
Proy^ ^S^-like URIs. For example, if you were to retrieve a set of books from a content

1 er that is an encapsulation of a book database, you might need to use a URI like this:

. //com .android. book. BookProvider/books

liketJs Ve 3 specific book from the book database (like say book 23), you might use a URI 

c°ntent-//
•''com.android.book.BookProvider/books/23

hiec^'11 See in this chaPter how these URIs translate to underlying database-access 
aPPi'cation with the appropriate access permissions on the device can 

Use of these URIs to access and manipulate data.

^xPloring Android’s Built-in Providers
Ąridroiri
SDK’s ° corries with a number of built-in content providers, which are documented in the 

android.provider Java package. You can view the list of these providers here:

p z/developer.android.com/reference/android/provider/package-summary.html

^Pica|?V!?ers inciude, for example, Contacts and Media Storę. These SOLite databases 
Any acy have an extension of .db and are accessible only from the implementation package. 
Use theCeSS ou^s'de that package must go through the content-provider interface. You can 
exp|Ore previous section “Exploring Databases on the Emulator and Available Devices” to 
is n0| f e database files created by built-in providers on the emulator. On real devices this 

asible unless of course you have root access on the device.
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Understanding the Structure of Content Provider URIs
Each content provider on a device is registered in the Android manifest file like a web site 
with a string identifier called an authority (akin to a domain name). Listing 25-22 has two 
examples of this registration:

Listing 25-22. Example of Registering a Provider
<!-- File reference in project: AndroidManifest.xml -->
<provider android:name="SomeProviderlavaClass"

android:authorities="com.your-company.SomeProvider" />

<provider android:name="BookProvider"
android:authorities="com.androidbook.provider.BookProvider"

/>

The unique authority string forms the basis of a set of URIs that this content provider off®rs- 
An Android content URI has the following structure:

content://<authority-name>/<path-segmentl>/<path-segment2>/etc...

Here’s an example URI that identities a book numbered 23 in a database of books:

content:// com.androidbook.provider.BookProvider/books/23

After content:, the URI contains the authority, which is used to locate the provider in . e 
provider registry. In the preceding example, com.androidbook.provider.BookProvider is 
authority portion ofthe URI.
/books/23 is the path section of the URI that is specific to each provider. The books and 23 
portions of the path section are called path segments. It is the responsibility of the pr°vl t 
to document and interpret the path section and path segments of the URIs. Hence conte 
providers provide these REST-like URLs to retrieve or manipulate data. For the preceding 
registration, the URI to identify a directory or a collection of books in the books database

content:// com.androidbook.provider.BookProvider/books

The URI to identify a specific notę is

content:// com.androidbook.provider.BookProvider/books/#

where # is the id of a particular notę. Listing 25-23 shows additional examples of URIs
some data providers on Android accept:

Listing 25-23. Few Sample Android Content URLs
content://media/internal/images 
content://media/external/images 
content://contacts/people/
content://contacts/people/23



——______ __________________ CHAPTER 25: Exploring Android Persistence and Content Proyiders 591

^ice how these providers’ media (content://media) and contacts (content://contacts)
not1 *haVe a fully dua^ied authority name. This is because providers offered by Android may 

carry a fully qualified authority name.
^Veri these content URIs, a provider is expected to retrieve rows that the URIs represent.

TiethPr0Vider is also expected t0 alter content at this URI using any of the state-change 
^cds: insert, update, or delete.

^Plementing Content Providers
s fully understand content providers by implementing and using one. To write a content 

kevVlder’ y°u have to extend android.content.ContentProvider and implement the following 
methods: query(), insert(), update(), delete(), and getType().

cont1 need to set up a number of things for implementing these methods. Implementing a 
erit provider needs the following steps:

1- Plan your database, URIs, column names, and so on, and create 
a metadata class that defines constants for all of these metadata 
elements.

2- Extend the abstract class ContentProvider.

Implement these methods: query, insert, update, delete, and getType.

Register the provider in the manifest file.

Use the content provider.

^nning a Database
b00k Plore this topic- we’n create a database similar to the one that we have used for the 
keep tChOl'ection that was used t0 iHustrate the storing of data in SOLite directly. Notę that to 

me databases from conflicting with each other some of the names may be different.
' he
and database contains only one table called books, and its columns are name, isbn, 
hietap °r' These column names fali under metadata. You’ll define this sort of relevant 
ip i ata in a Java class. This metadata-bearing Java class BookProviderMetaData is shown

L|sting 25-24 y

stlng2S-^ n ■<4. Defining Metadata for Your Database 
u fil
Pubiice jeference in project: BookProviderMetaData.Iava 

m.u?. s BookProviderMetaData { 
Public -■ ■ •static finał String AUTHORITY = "com.androidbook.provider.BookProvider";
PubHc 
Public 
Public

static finał String DATABASE_NAME = "book.db";
static finał int DATABASE_VERSION = 1;
static finał String BOOKS_TABLE_NAME = "books";

Private BookProviderMetaData() {}
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//inner class describing BookTable
public static finał class BookTableMetaData implements BaseColumns { 

private BookTableMetaData() {}
public static finał String TABLE_NAME = "books";

//uri and MIME type definitions 
public static finał Uri CONTENT_URI =

Uri.parse("content://" + AUTHORITY + "/books"); 
public static finał String CONTENT_TYPE =

"vnd.android.cursor.dir/vnd.androidbook.book"; 
public static finał String CONTENT_ITEM_TYPE =

" vnd.android.cursor.item/vnd.androidbook.book";

public static finał String DEFAULT_SORT_ORDER = "modified DESC";

//Additional Columns start here.
//string type
public static finał String BOOK_NAME = "name";
//string type
public static finał String BOOK_ISBN = "isbn";
//string type
public static finał String BOOK_AUTHOR = "author";
//Integer from System.currentTimeMillis()
public static finał String CREATED_DATE = "created";
//Integer from System.currentTimeMillis()
public static finał String MODIFIED_DATE = "modified";

This BookProviderMetaData class starts by defining its authority to be com.androidbook. 
provider.BookProvider.

This class then proceeds to define its one table (books) as an inner BookTableMetaData 
The BookTableMetaData class then defines a URI for identifying a collection of books. G' 
the authority in the previous paragraph, the URI for a collection of books will look like thi

content://com.androidbook.provider.BookProvider/books

This URI is indicated by the constant

BookProviderMetaData.BookTableMetaData.CONTENT URI

The BookTableMetaData class then proceeds to define the MIME types for a collection ot 
and a single book. The provider implementation will use these constants to return the Ml 
types for the incoming URIs. MIME types are similar to the MIME types defined by HTTP 
As a guideline the primary MIME type for a collection of items returned through an Andr01 
cursor should always be vnd.android.cursor.dir, and the primary MIME type of a singl® 
item retrieved through an Android cursor should be vnd.android.cursor.item. You have 
wiggle room when it comes to the subtype, as in vnd.androidbook.book in Listing 25-24- 
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c°°kTableMetaData then defines the set of columns for the book table: name, isbn, author, 
reated (creation datę), and modified (last-updated datę).

metadata class BookTableMetaData also inherits from the BaseColumns class that
.^ides the standard id field, which represents the row ID. With these metadata definitions 

and, we’re ready to tackle the provider implementation.

lending ContentProvider
^Plernenting the BookProvider involves extending the ContentProvider class and overriding 
- reaLe() to create the database and then implement the query, insert, update, delete, 

getType methods.

cla requires the set of columns it needs to return. This is similar to a select
reąuires column names along with their as counterparts (sometimes called 
As a convention Android SDK uses a map object that it calls a projection map to 

resent these column names and their synonyms. We will need to set up this map so we can
(s e |ater in the query-method implementation. In the codę for the provider implementation 

6 'sting 25-26), you will see this done upfront as part of projection map setup.

^°st of the methods we’ll be implementing for the content provider contract take a URI as 
lnPuL Listing 25-25 shows book provider URI examples:

^tina Oc jr -a 0 «. Examp!es of BookProvider Content URis 
•

Uri2 j Content://com.androidbook.provider.BookProvider/books
content://com.androidbook.provider.BookProvider/books/12

Th
our h °°k Pr°vider needs to distinguish each of these URIs. BookProvider is a simple case. lf 
be P^ider had been housing more objects in addition to just books, then there would 

°re URis to identify those additional objects.

Andr^'^ 'mPlementation needs a mechanism to distinguish one URI from the other, 
With °!^ Uses a ciass called UriMatcher for this purpose. So we need to set up this object 
pr a ,0LJr URI variations. You will see this codę in Listing 25-26 right after we define the 
to pi Ct'°n map. We’ll further explain the UriMatcher class in the section “Using UriMatcher 
^h9Pre Out the URis.”

creatC°de in Listing 25-26 then overrides the onCreate() method to facilitate the database 
part ^n' database creation is identical to the database creation we have covered as 

using SOLite directly for internal persistence needs.
and cocle in Listing 25-26 then implements the insert(), query(), update(), getType(), 
Win e^e() methods. The codę for all of this is presented together in Listing 25-26, but we 

P am each aspect in a separate subsection.



594 CHAPTER 25: Exploring Android Persistence and Content Provlders

Listing 25-26. Implementing the BookProvider Content Provider
II File reference in project: BookProvider.Iava 
public class BookProvider extends ContentProvider 
{

//Logging helper tag. No significance to providers. 
private static finał String TAG = "BookProvider";

//Setup projection Map
//Projection maps are similar to "as" (column alias) construct 
//in an sql statement where by you can rename the
//columns.
priwate static HashMapcString, String> sBooksProjectionMap; 
static
{

sBooksProjectionMap = new HashMapcString, String>();
sBooksProjectionMap.put(BookTableMetaData._ID, 

BookTableMetaData._ID);

//name, isbn, author
sBooksProjectionMap.put(BookTableMetaData.BOOK_NAME,

BookTableMetaData.BOOK_NAME);
sBooksProjectionMap.put(BookTableMetaData.BOOK_ISBN,

BookTableMetaData.BOOK_ISBN);
sBooksProjectionMap.put(BookTableMetaData.BOOK_AUTHOR, 

BookTableMetaData.BOOK_AUTHOR);

//created datę, modified datę
sBooksProjectionMap.put(BookTableMetaData.CREATED_DATE,

BookTableMetaData.CREATED_DATE);
sBooksProjectionMap.put(BookTableMetaData.MODIFIED_DATE,

BookTableMetaData. MODIFIED_DATE);
}

//Provide a mechanism to identify all the incoming uri patterns.
private static finał UriMatcher sUriMatcher;
private static finał int INCOMING_BOOK_COLLECTION_URI_INDICATOR = 1;
private static finał int INCOMING_SINGLE_BOOK_URI_INDICATOR = 2; 
static {

sUriMatcher = new UriMatcher(UriMatcher.NO_MATCH);
sUriMatcher.addURI(BookProviderMetaData.AUTHORITY, "books",

INCOMING_BOOK_COLLECTION_URI_INDICATOR);
sUriMatcher.addURI(BookProviderMetaData.AUTHORITY, "books/#", 

INCOMING_SINGLE_BOOK_URI_INDICATOR);

ł
// Setup/Create Database to use for the implementation
private static class DatabaseHelper extends SOLiteOpenHelper {

DatabaseHelper(Context context) {
super(context,

BookProviderMetaData.DATABASE_NAME,
nuli,
BookProviderMetaData.DATABASE_VERSION);

}
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@0verride
Public void onCreate(SOLiteDatabase db) {

Log.d(TAG,"inner oncreate called”);
db.execSQL("CREATE TABLE " + BookTableMetaData.TABLE_NAME + " ("

+ BookTableMetaData._ID + " INTEGER PRIMARY KEY,"
+ BookTableMetaData.BOOK_NAME + " TEXT,"
+ BookTableMetaData.BOOK_ISBN + " TEXT,"
+ BookTableMetaData.BOOK_AUTHOR + " TEXT,"
+ BookTableMetaData.CREATED_DATE + " INTEGER,"
+ BookTableMetaData.MODIFIED_DATE + " INTEGER"

} +

@0verride
Public void onUpgrade(SOLiteDatabase db, int oldYersion, int newVersion) { 

Log.d(TAG,"inner onupgrade called");
Log.w(TAG, "Upgrading database from version

+ oldVersion + " to "
+ newVersion + ", which will destroy all old data");

db.execSQL("DROP TABLE IF EXISTS " +
BookTableMetaData.TABLE_NAME);

onCreate(db);

^/e°f-inner DatabaseHelper class
This is initialized in the onCreate() method

Pnvate DatabaseHelper mOpenHelper;

^Component creation callback
@°verride
Public boolean onCreate() {

L°g-d(TAG,"main onCreate called");
mOpenHelper = new DatabaseHelper(getContext());

j return true;

@°verride
Public Cursor query(Uri uri, String[] projection, String selection,

String[] selectionArgs, String sortOrder) {
SQLiteQueryBuilder qb = new SQLiteQueryBuilder();

switch (sUriMatcher.match(uri)) {
case INCOMING_BOOK_COLLECTION_URI_INDICATOR:

qb.setTables(BookTableMetaData.TABLE_NAME);
qb.setProjectionMap(sBooksProjectionMap);
break;

case INCOMING_SINGLE_BOOK_URI_INDICATOR:
qb.setTables(BookTableMetaData.TABLE_NAME);
qb.setProjectionMap(sBooksProjectionMap);
qb.appendWhere(BookTableMetaData._ID + "="

+ uri.getPathSegments().get(l));
break;
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default:
throw new IllegalArgumentException(''llnknown URI " + uri); 

}

// If no sort order is specified use the default
String orderBy;
if (TextUtils.isEmpty(sortOrder)) {

orderBy = BookTableMetaData.DEFAULT_SORT_ORDER;
} else {

orderBy = sortOrder;
}

U Get the database and run the query
SOLiteDatabase db = mOpenHelper.getReadableDatabase();
Cursor c = qb.query(db, projection, selection, 

selectionArgs, nuli, nuli, orderBy);

//example of getting a count
int i = c.getCount();

// Tell the cursor what uri to watch, 
// so it knows when its source data changes 
c.setNotificationUri(getContext().getContentResolver(), uri); 
return c;

}
@0verride
public String getType(Uri uri) {

switch (sUriMatcher.match(uri)) {
case INCOMING_BOOK_COLLECTION_URI_INDICATOR:

return BookTableMetaData.CONTENT_TYPE;
case INCOMING_SINGLE_BOOK_URI_INDICATOR:

return BookTableMetaData.CONTENT_ITEM_TYPE;
default:

throw new IllegalArgumentException("Unknown URI " + uri); 
}

}
@0verride
public Uri insert(Uri uri, ContentValues initialValues) {

II Yalidate the requested uri
if (sUriMatcher.match(uri)

!= INCOMING_BOOK_COLLECTION_URI_INDICATOR) {
throw new IllegalArgumentException("Unknown URI " + uri); 

}
ContentValues values;
if (initialYalues 1= nuli) {

values = new ContentValues(initialValues);
} else {

values = new ContentValues();
}
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Long now = Long.valueOf(System.currentTimeMillis());
// Make surę that the fields are all set
if (values.containsKey(BookTableMetaData.CREATED_DATE) =- a sejf

values.put(BookTableMetaData.CREATED_DATE, now);

if (values.containsKey(BookTableMetaData.MODIFIED_DATE) — false) { 
values.put(BookTableMetaData.MODIFIED_DATE, now);

if (values.containsKey(BookTableMetaData.BOOK_NAME) false) {
throw new SQLException( „ ...

"Failed to insert row because Book Name is needed + un;,

if (values.containsKey(BookTableMetaData.BOOK_ISBN) == {
values.put(BookTableMetaData.BOOK_ISBN, "Unknown ISBN ),

if (values.containsKey(BookTableMetaData.BOOK_AUTHOR) ^a^e)
values.put(BookTableMetaData.BOOK_ISBN, "Unknown Author );

}

SOLiteDatabase db = mOpenHelper.getWritableDatabase();
long rowld = db.insert(BookTableMetaData.TABLE_NAME, 

BookTableMetaData.BOOK_NAME, values);
if (rowld > 0) {

Uri insertedBookUri =
ContentUris.withAppendedld(

BookTableMetaData.CONTENT_URI, rowld);
getContext()

.getContentResolver()
.notifyChange(insertedBookUri, nuli);

return insertedBookUri;
} . .v 
throw new SQLException("Failed to insert row into + un),

@°verride
Public int delete(Uri uri, String where, String[] whereArgs) {

SOLiteDatabase db = mOpenHelper.getWritableDatabase();
int count;
switch (sUriMatcher.match(uri)) {
case INCOMING_BOOK_COLLECTION_URI_INDICATOR:

count = db.delete(BookTableMetaData.TABLE_NAME, 
where, whereArgs);

break;
case INCOMING_SINGLE_BOOK_URI_INDICATOR:

String rowld = uri.getPathSegments().get(l);
count = db.delete(BookTableMetaData.TABLE_NAME,

BookTableMetaData._ID + "=" + rowld . ni
+ (!TextUtils.isEmpty(where) ? " AND (" + where + ) • )>
whereArgs);

break;
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default:
throw new IllegalArgumentException("Unknown URI " + uri);

}

getContext().getContentResolver().notifyChange(uri, nuli);
return count;

}
@0verride
public int update(Uri uri, ContentValues values,

String where, String[] whereArgs) {
SOLiteDatabase db = mOpenHelper.getWritableDatabase();
int count;
switch (sUriMatcher.match(uri)) {
case INCOMING_BOOK_COLLECTION_URI_INDICATOR:

count = db.update(BookTableMetaData.TABLE_NAME, 
values, where, whereArgs);

break;

case INCOMING_SINGLE_BOOK_URI_INDICATOR:
String rowld = uri.getPathSegments().get(l);
count = db.update(BookTableMetaData.TABLE_NAME, 

values, BookTableMetaData._ID + "=" + rowld 
+ (!TextUtils.isEmpty(where) ? " AND (" + where + ')' : ""), 
whereArgs);

break;

default:
throw new IllegalArgumentException("Unknown URI " + uri);

}

getContext().getContentResolver().notifyChange(uri, nuli);
return count;

Now, let’s analyze this code section by section.

Using UriMatcher to Figure Out the URIs
We’ve mentioned the UriMatcher class several times now; let’s look into it. Almost all 
methods in a content provider are overloaded with respect to the URI. For example, the 
same query() method is called whether you want to retrieve a single book or a list of 
It is up to the method to know which type of URI is being requested. Android’s UriMatch 
utility class helps you identify the URI types.

ecf Here’s how it works. You tell an instance of UriMatcher what kind of URI patterns to exp 
during its initialization. You will also associate a unique number with each pattern. Once 
these patterns are registered, you can then ask UriMatcher if the incoming URI matches 
certain pattern.
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col|We Ve ^Htlonad, our BookProvider content provider has two URI patterns: one for a
the eCt'°n °f books and one for a single book. The codę in Listing 25-26 registers both of
book Patterns usin9 UriMatcher. It allocates 1 for a collection of books and 2 for a single
see th’ e URI patterns themselves are defined in the metadata for the books table). You can
see h 'n the Static initialization of the variable sUriMatcher in Listing 25-26. You can then

P°w UriMatcher plays a part in the query() method implementation in distinguishing the 
s Using the constants for each type of URI.

^sing Projection Maps
rea|°ntent prov'der acts like an intermediary between an abstract set of columns and a 
querSSt °f columns in a database, yet these column sets could differ. While constructing 
datah S’ y°U must map between the where clause columns that a client specifies and the real 
clas c°'urrins- You set up this projection map with the help of the SOLiteOueryBuilder 
*be r l U can see bow tb’s Projection map variable sBooksProjectionMap is set for 
sBook°°kPr?Vider in Listing 25-26. You can also see in that listing how this variable 

sProjectionMap is then used by the SOLiteOueryBuilder object.

”IT,l|,ng MIME-Type Contracts
agS start with the getType() method in Listing 25-26. This method returns a MIME type for 
incom^ ^L Tb's method, like many other methods of a content provider, is sensitive to the 
the । ln9 LJRl. As a result, the first responsibility of the getType() method is to distinguish 
Urim ?e,°f *be DRI. 's a collection of books or a single book? The codę used the 
hąs d ^er to decipherthis URI type. Depending on this URI, the BookTableMetaData class 

e lr>ed the MIME-type constants to return for each URI.

^Plementing the Query Method
1|R| ^® °ther methods, the query method uses UriMatcher to identify the URI type. lf the 
iookjn Pe 'S a sin9le-item type, the method retrieves the book ID from the incoming URI by

9 at the first segment returned by getPathSegments().

identjfery then uses the projections that we created upfront in Listing 25-26 to 
Proce return columns. In the end, query returns the cursor to the caller. Throughout this 
the queS/ythe query method uses the SOLiteOueryBuilder object to formulate and execute

expl^n9 the data one can constrain the rows returned either using the URI or through 
irhp|ernWtlere clause arguments passed to the query method as inputs. In the BookProvider 
the b0 antat'on of Listing 25-26 we used the approach of using the URI segments to retrieve 

°k ID to return the values for just that book.
'hstead
?Uety(/°U Can USe th® selection parameter and the selectionArgs parameter of the 
just ij. ' Method to explicitly pass the where clause arguments. These arguments work 
Placet^ SQLiteDatabase.query() arguments in Listing 25-12, where “?” are used as

0 ders for the values passed in the selectionArgs array.
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Implementing the Insert Method
The insert method in a content provider is responsible for inserting a record into the 
underlying database and then returning a URI that point to the newly created record.
Like the other methods, insert uses UriMatcher to identify the URI type. The code first 
checks whether the URI indicates the proper collection-type URI. If not, the code throws 
exception.

The code then validates the optional and mandatory column parameters. The code can 
substitute default values for some columns if they are missing.

Next, the code uses an SOLiteDatabase object to insert the new record and returns the 
newly inserted ID. In the end, the code constructs the new URI using the returned ID frorT1 
the database.

Implementing the Update Method
The update method in a content provider is responsible for updating a record (or records) 
based on the column values passed in, as well as the where clause that is passed in. The 
update method then returns the number of rows updated in the process.

Like the other methods, update uses UriMatcher to identify the URI type. If the URI type 
is a collection, the where clause is passed through so it can affect as many records as 
possible. If the URI type is a single-record type, then the book ID is extracted from the 
and specified as an additional where clause. In the end, the code returns the number of 
records updated. Also notice how this notifyChange method enables you to announce to 
world that the data at that URI has changed. Potentially, you can do the same in the inse a 
method by saying that the collection of books data at URI . ./books” has changed wh® 
record is inserted.

Rl type 
records

Implementing the Delete Method
The delete method in a content provider is responsible for deleting a record (or records) 
based on the where clause that is passed in. The delete method then returns the numb® 
rows deleted in the process.

Like the other methods, delete uses UriMatcher to identify the URI type. If the U 
a collection type, the where clause is passed through so you can delete as many 
possible. If the where clause is nuli, all records will be deleted. If the URI type is a sing1® 
record type, the book ID is extracted from the URI and specified as an additional where 
clause. In the end, the code returns the number of records deleted.

Registering the Provider
Finally, you must register the content provider in the Android.Manifest.xml file using 
tag structure in Listing 25-27. A provider is a component and hence a sibling of the oth®^ 
components such as an activity and a receiver. So it is a sibling node to other activities 
the Android manifest file.
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^Sf,n9 25-27. Registering a Provider

świder android:name=".BookProvider"
android: authorities="com.androidbook.provider.BookProvider"/>

^ercising the Book Provider
that we have a book provider, we are going to show you sample code to exercise that 

^r°vider. The sample code includes adding a book, removing a book, getting a count of the 
°°ks, and finally displaying all the books.
eeP in mind that these are code extracts from the sample project and will not compile, 
ecause they require additional dependency files. However, we feel this sample code is 
ufficient in demonstrating the concepts we have explored.

^he end of this chapter, we have included a link to the downloadable sample project, 
ich you can use in your Eclipse enyironment to compile and test.

^ding a Book
code in Listing 25-28 inserts a new book into the book database.

^ing 25-28. Exercising a Provider Insert

Puhi^e re^erence in project:ProviderTester.Java
void addBook(Context context) {

String tag = "Exercise BookProvider";
L°g-d(tag,"Adding a book");
C°ntentValues cv = new ContentValues();
cv•put(BookProviderMetaData.BookTableMetaData.BOOK_NAME, "bookl );
cv-put(BookProviderMetaData.BookTableMetaData.BOOK_ISBN, "isbn-1 );
cv<put(BookProviderMetaData.BookTableMetaData.BOOK_AUTHOR, "author-1 ),

C°ntentResolver cr = context.getContentResolver();
Uri uri = BookProviderMetaData.BookTableMetaData.CONTENT_URI;
U°g'd(tag,"book insert uri:" + uri);
ri insertedUri = cr.insert(uri, cv);

} °g-d(tag,"inserted uri:" + insertedUri);

Removmg a Book
c°de in Listing 25-29 deletes the last record from the book database.

25-29. Exercising a Prwider Delete
// Fil
pub] • ^erence in project:ProviderTester.Java

!lc void removeBook() {
firstBookld = this.getFirstBook!d();

(firstBookld == -1) throw new SQLException("Book id is less than o );
°ntentResolver cr = this.mContext.getContentResolver();
ri uri = BookProviderMetaData.BookTableMetaData.CONTENT_URI;
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Uri delUri = Uri.withAppendedPath(uri, Integer.toString(firstBookld)); 
reportString("Del Uri:" + delUri);
cr.delete(delUri, nuli, nuli);
this.reportString("Number of Books after the delete:" + getCount());

private int getFirstBookId() {
Uri uri = BookProviderMetaData.BookTableMetaData.CONTENT_URI;
Activity a = (Activity)this.mContext;
Cursor c = nuli;
try {

c = a.getContentResolver().query(uri,
nuli, //projection
nuli, //selection string
nuli, //selection args array of strings
nuli); //sort order

int numberOfRecords = c.getCount();
if (numberOfRecords == 0) {

return -1;
}
c.moveToFirst();
int id = c.getlnt(l); //id column
return id;

}
finally {

if (c! = nuli) c.close();

Displaying the List of Books
The code in Listing 25-30 retrieves all the records in the book database.

Listing 25-30. Displaying a Ust of Books
II File reference in project:ProviderTester.lava
public void showBooks() {

Uri uri = BookProviderMetaData.BookTableMetaData.CONTENT_URI;
Activity a = (Activity)this.mContext;
Cursor c = nuli;
try {

c = a.getContentResolver().query(uri,
nuli, //projection
nuli, //selection string
nuli, //selection args array of strings 
nuli); //sort order

int iid = c.getColumnIndex(BookProviderMetaData.BookTableMetaData._ID);
int iname = c.getColumnIndex(BookProviderMetaData.BookTableMetaData.BOOK_NAME)j 
int iisbn = c.getColumnIndex(BookProviderMetaData.BookTableMetaData.BOOK_ISBN), 
int iauthor = c.getColumnIndex(BookProviderMetaData.BookTableMetaData.BOOK_AUTH'
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//Report your indexes
L°g-d(tag? "namejisbnjauthor:" + iname + iisbn + iauthor);

//walk through the rows based on indexes
for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {

//Gather values
String id = c.getString(iid);
String name = c.getString(iname);
String isbn = c.getString(iisbn);
String author = c.getString(iauthor);

//Report or log the row
StringBuffer cbuf = new StringBuffer(id);
cbuf.append(",").append(name);
cbuf.append(append(isbn);
cbuf,append(",").append(author);
Log.d(tag,cbuf.toString());

//Report how many rows have been read 
numberOfRecords = c.getCount();

। °8-d(tag,"Num of Records:" + numberOfRecords);

^naliy {
, if (c!= nuli) c.close();

retriCe that the method of retrieving the books from a content provider is very similar to 
from V'n9 data from an sQLite database. In Listing 25-30 we have used the query() method 

a ContentResolver object. After using the cursor object we have closed the cursor.
^steari 'ł
then tk.IT you were Passing this cursor object to a Ul component that is in the Actiyity 
to n h'S CtJrsor object needs to be managed as the activity follows its life cycle. Prior 
autoOneycomb, there was a method called managedQuery() on the Activity to do this 

atically, which has sińce been deprecated in favor of CursorLoader.
theT1 3 qUery is thus managed through managedQuery(), the activity can cali methods on 
the cUrsor to Place it into proper state. For example, the activity will cali deactivate() on 
closedrS°r When ił is st°PPed and later calls requery() when it is started. The cursor will be 
cUrs 9 when the activity is destroyed. You can choose to cali stopManagingCursor() on that 
the y°u Want to c°ntrol the behayior of the cursor yourself. Because the actiyity closes 
ahd ^rsor’ don’t close a managed cursor. lf your intention is to read all the rows one time 
the cursor, then use the query() method ofthe ContentResolver as opposed to
$ c ivity.managedQuery() method and explicitly close the cursor.

"Load^0^000113’the cursor reads are wrapped into a more generał approach called 
exPo ers’” which allow you to read data in an asynchronous thread through callbacks 
^6$^ t0 fra9ments or activities. This is the recommended and preferred method. We will 

r his approach in the next chapter, Chapter 26, on Loaders.
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You have seen how we have used update APls on a content providers. These update 
operations can be inefficient if done one by one through a content provider. In Chapter 2 
we will cover how these individual update operations can be sent as a batch to a conten 
provider for efficiency reasons.

Resources
Here are some additional Android resources that can help you with the topics covered in 
chapter:

■ . 
html: Various data storage options from Android documentation.
http://developer.android.com/guide/topics/data/data-storage

■ : A summary of options for 
persistence on Android.
http://www.androidbook.com/item/4437

■ : Exploring tools and techniques 
for direct SQL storage on Android. This includes research on O/R 
mapping tools as well.

http://www.androidbook.com/item/4876

■ : Storing data in the cloud 
through Parse for Android.
http://www.androidbook.com/item/4877

■ : Using GSON/JSON for mobile 
app storage.
http://www.androidbook.com/item/4440

■ : Using shared preferences for 
application state management.
http://www.androidbook.com/item/4438

■ 
. html: Android documentation on content providers.

http://developer.android.com/guide/topics/providers/content- 
providers

■  
ContentProvider.html: API description for a ContentProvider, where 
you can learn about ContentProvider contracts.

http://developer.android.com/reference/android/content/

■  
UriMatcher.html: Information that is useful for understanding 
UriMatcher.

http://developer.android.com/reference/android/content/

■ . 
html: Information that helps you read data from a content provider or a 
database directly.

http://developer.android.com/reference/android/database/Cursor

■ : 
Developer’s guide for Loaders.
http://developer.android.com/guide/components/loaders.html

■  
ttstartManagingCursor(android,database.Cursor): API documentation 
of what a managed cursor is.

http://developer.android.com/reference/android/app/Activity.html

http://developer.android.com/guide/topics/data/data-storage
http://www.androidbook.com/item/4437
http://www.androidbook.com/item/4876
http://www.androidbook.com/item/4877
http://www.androidbook.com/item/4440
http://www.androidbook.com/item/4438
http://developer.android.com/guide/topics/providers/content-providers
http://developer.android.com/reference/android/content/
http://developer.android.com/reference/android/content/
http://developer.android.com/reference/android/database/Cursor
http://developer.android.com/guide/components/loaders.html
http://developer.android.com/reference/android/app/Activity.html
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http://www.sqlite.org/sqlite.html: Home page of SOLite, where you 
can learn more about SOLite and download tools that you can use to 
work with SOLite databases.
http://androidbook.com/proandroid5/projects: Downloadable test 
project for this chapter is accessible from this URL. The name of the zip 
file is ProAndroid5_Ch25_TestProvider.zip.

Summary
p s chapter has covered a lot of aspects about a vital need of your applications: 

andShtenCe‘ We have given you a P|ethora of options available in Android for persistence 
how to choose an appropriate option. We have covered how to use SOLite for internal 

forrS'S^ence needs in significant detail. We have shown you an industrial-strength API pattern 
1^ Persistence using SOLite which can be extended to any persistence implementation.

Portantly, this pattern showed you how to externalize transactions to keep your 
co^13^06 c°de simple- We have then covered what content providers are, the naturę of 
ho *"t URIs, MIME types, how to use SOLite to construct providers that respond to URIs, 

write a new content provider, and how to access an existing content provider.

http://www.sqlite.org/sqlite.html
http://androidbook.com/proandroid5/projects


Understanding Loaders
o^apter looks at loadin9 data from data sources through the recommended mechanism 

aMil s- The API of Loaders is designed to deal with two issues with loading data by 
Vdles and fragments.

or f/|rst is the non-deterministic naturę of activities where an activity can be hidden partially 
dug t restarted due to device rotation, or removed from memory when in background 
that 0 ^‘memory conditions. These events are called activity life cycle events. Any code 
introd6-68 data must work in harmony with the activity life cycle events. Prior to the 
mechUCtiOnof Loaders in 3.0 (AP111), this was handled through Managed Cursors. This 

anism is now discontinued in favor of Loaders.

longeeC°nd issue w'th loading data in activities and fragments is that data access could take 
soive rt(°n the main thread resulting in application-not-responding (ANR) messages. Loaders 
fragm h|s by doing the work on a worker thread and providing callbacks to the activities and 

ents to respond to the asynchronous naturę of data fetch.

^derstanding the Architecture of Loaders

Ioąder make lł easy t0 asynchronously load data in an activity or a fragment. Multiple 
Loade ’ eaCh with 'ts own set of data> can be associated with an activity or a fragment. 
chana S alS° rnonitor the source of their data and deliver new results when the data content 
Cursor S ^Oaders automatically reconnect to the previously retrieved data structure, like a 
d®str^ Wben being re-created after a configuration change. As the previous cursor is not 
Wh data 'S nOt re9uer'ed-
^ra9meWt ta|k ab°ut loaders in this chapter all aspects of loaders apply to both activities and 

n s unless we indicate otherwise from now on.

uses a single LoaderManager object to manage the loaders associated with 
^acilitat ''th^ ^nce a i°ader is registered with a loader manager, the LoaderManager will 
the Load "e necessary callbacks to a) create and initialize the Loader, b) read the data when 

er finishes loading the data, and c) close the resource when the loader is about to 

607
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be destroyed as the activity is no longer needed. The LoaderManager is hidden from you
and you work with it through callbacks and LoaderManager public APls. The creation of th^
LoaderManager is controlled by the activity. LoaderManager is almost like an integral Part 0
the activity itself.
It is the responsibility of the registered Loader to work with its data source and also with 
the LoaderManager to read the data and send the results back to the LoaderManager. The 
LoaderManager will then invoke the callbacks on the activity that data is ready. The 
also responsible for pausing the data access or monitoring data changes or working with 
LoaderManager to understand and react to the activity life cycle events.
While you can write a loader from scratch for your specific data needs by extending the loa^6 
API, you typically use the Loaders that are already implemented in the SDK. Most loaders 
extend the AsyncTaskLoader which provides the basie ability to do its work on a worker thre 
freeing the main thread. When the worker thread returns data, the LoaderManager will invok 
the main callbacks to the activity that the data is ready on the main thread.

The most used of these prebuilt loaders is the CursorLoader. With the availability of 
CursorLoader, using Loaders becomes really, really trivial with a few lines of code. This is 
because all the details are hidden behind the LoaderManager, Loader, AsyncTaskLoader, a 
the CursorLoader.

Listing Basic Loader API Classes
Listing 26-1 lists the key classes involved in the Loader API.

Listing 26-1. Android LoaderAPI Key Participating Classes
LoaderManager
LoaderManager.LoaderCallbacks
Loader
AsyncTaskLoader
CursorLoader

The APls that are most often used are the LoaderManager. LoaderCallbacks and the 
CursorLoader. However, let us briefly introduce each of these classes.
There is one LoaderManager object per activity. This is the object that defines the P1,0^0^ 
how Loaders should work. So LoaderManager is the orchestrator for the loaders associa 
with an activity. LoaderManager's interaction with the activity is through the LoaderManag 
LoaderCallbacks. These loader callbacks are where you are given the data by the Loade 
the LoaderManager and expected to interact with the activity.
The Loader class defines the protocol that must be adhered to if one wants to design the|r 
own loader. AsyncTaskLoader is one example where it implements the loader protocol m 
an asynchronous manner on a worker thread. It is typically the AsyncTaskLoader that is 
the base class to implement most of your loaders. CursorLoader is an implementation 
this AsyncTaskLoader that knows how to load cursors from content proyiders. If one is 
implementing their own loader it is important to understand that all interaction with the 
loader from a LoaderManager happens on the main thread. Even the LoaderManager cal 
that are implemented by the activity take place on the main thread.
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Demonstrating the Loaders
e will now show you how to use Loaders by implementing a simple one-page application 

^gure 26-1) that loads contacts from the contact provider database on an Android device. 
his application is typical of how one would develop Android activities. You could even use 
ls sample project as a starter application template.

* 1:06

Test Loaders Via Conta...

This is a ListActiVity with custom content view. 
It contains this header. ListView and a footer. 
ListView reads and displays al! contacts 
ListView also filters contacts using the search 
view in the Actionbar. List actiyity uses Loaders 
to load data asynchronously. This actiyity can 
handle device rotation This actiyity also uses a 
progress bar to indicate data is being loaded

List of Contacts

Satyal Korni

Kavl Kom2

Nar Kom4

This is the footer for the custom content view. 
Although headers and footers can be done 
through a list view this sample uses explicit text 
views.

^Ourege-t Filtered list of contacts loaded through loaders

dis 7an* tbe achvity 'n Fi9ure 26-1 to exhibit the following characteristics: 1) It should 
$ J3 the contacts on the device; b) It should retrieve data asynchronously; c) While
vie a ls being retrieved, the activity should show a progress bar view in place of the list 
fili ’ On retrieving data successfully, the codę should replace the progress view with the 
c 'ln list viewi e)The activity should provide a search mechanism to filter the necessary 
a re aCtS’ When the device is rotated, it should show the contacts again without making 
callb t0 tbe contacts conter|t provider; g) The codę should allow us to see the order of 

acks along with the activity life cycle callbacks.
end^ f'rSt present the source codę for the activity and then explain each section. By the 
them • t*"16 chapter you will have a elear understanding of how Loaders work and how to use 
p|6a ln y°ur codę. With that, Listing 26-2 shows the codę for the activity of Figure 26-1. 
here tnote that the codę in Listing 26-2 relies on a number of resources that are presented 
Code Orrie °f these string resources you can see in Figure 26-1, but for others and the 
pres ”at 'S not 'neluded here, please see the downloadable project. As always, the codę 

er|ted here is sufficient for the topie at hand.
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Listing 26-2. An Activity Loading Data with Loaders
public class TestLoadersActiuity
extends MonitoredListActivity //very simple class to log activity callbacks
implements LoaderManager.LoaderCallbacks<Cursor> //Loader Manager callbacks

,OnOueryTextListener //Search text callback to filter contacts
{

private static finał String tag = "TestLoadersActivity";

//Adapter for displaying the list's data
//Initialized to nuli cursor in onCreate and set on the list
//Use it in later callbacks to swap cursor
//This is reinitialized to nuli cursor when rotation occurs
SimpleCursorAdapter mAdapter;

//Search filter working with OnQueryTextListener
String mCurFilter;

//Contacts columns that we will retrieve
static finał String[] PROTECTION = new String[] {ContactsContract.Data._ID, 

ContactsContract.Data.DISPLAY_NAME};

//select criteria for the contacts URI
static finał String SELECTION = "((" +

ContactsContract.Data.DISPLAY_NAME + " NOTNULL) AND (" +
ContactsContract.Data.DISPLAY_NAME + " != " ))";

public TestLoadersActivity() { 
super(tag);

}
@Override
protected void onCreate(Bundle savedInstanceState) {

super. onCreate(savedInstanceState);
this.setContentView(R.layout.test_loaders_activity_layout);

//Initialize the adapter
this.mAdapter = createEmptyAdapter();
this.setListAdapter(mAdapter);

//Hide the listview and show the progress bar
this.showProgressbar();

//Initialize a loader for an id of O
getLoaderManager().initLoader(0, nuli, this);

}
//Create a simple list adapter with a nuli cursor
//The good cursor will come later in the loader callback
private SimpleCursorAdapter createEmptyAdapter() {

// For the cursor adapter, specify which columns go into which views
String[] fromColumns = {ContactsContract.Data.DISPLAY_NAME};
int[] toViews = {android.R.id.textl}; // The TextView in simple_list_item_l 
//Return the cursor
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return new SimpleCursorAdapter(this, 
android.R.layout.simple_list_item_l, 
nuli, //cursor 
fromColumns, 
toViews);

//This 
//This 
//This

is a LoaderManager callback. Return a properly constructed CursorLoader 
gets called only if the loader does not previously exist.
means this method will not be called on rotation because

a Previous loader with this ID is already available and initialized. 
/ । s also gets called when the loader is "restarted" by calling 
LoaderManager. restartLoader ()

Public Loader<Cursor> onCreateLoader(int id, Bundle args) (

L°g-d(tag,"onCreateLoader for loader id:" + id);
ęri baseUri;
1T (mCurFilter != nuli) {

baseUri = Uri.withAppendedPath(ContactsContract.Contacts.CONTENT_FILTER_URI, 
Uri.encode(mCurFilter));

) else {
baseUri = Contacts.CONTENTJJRI;

String[] selectionArgs = nuli;
String sortOrder = nuli;
return new CursorLoader(this, baseUri,

j PROTECTION, SELECTION, selectionArgs, sortOrder);
//Tl •

15 ls a LoaderManager callback. Use the data here.
ls §ets called when he loader finishes. Called on the main thread.

an be called multiple times as the data changes underneath.
@0ver°-|etS Ca^ed after rotation with out requerying the cursor.

Public void onLoadFinished(Loader<Cursor> loader, Cursor cursor) {

L°g-d(tag,"onLoadFinished for loader id:" + loader.getld());
°g-d(tag,"Number of contacts found:" + cursor.getCount());
This.hideProgressbar();

} this.mAdapter.swapCursor(cursor)j

//Th^ a LoaderManager callback. Remove any references to this data.
//F gets called when the loader is destroyed like when activity is done.

' This does NOT get called because of loader "restart"
@0v/S Can be seen as a "destructor" for the loader.
Wverride

Jic void onLoaderReset(Loader<Cursor> loader) {

°8-d(tag,"onLoaderReset for loader id:" + loader.getld());
is .showProgressbar();

} ls«mAdapter.swapCursor(null);
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@0verride
public boolean onCreateOptionsMenu(Menu menu) {

// Place an action bar item for searching.
Menultem item = menu.add("Search");
item.setlcon(android.R.drawable.ic_menu_search);
item.setShowAsAction(MenuItem.SHOW_AS_ACTION_IF_ROOM);
SearchView sv = new SearchView(this);
sv.setOnQueryTextListener(this);
item. setActionView(sv);
return true;

}
//This is a Searchview callback. Restart the loader.
//This gets called when user enters new search text.
//Cali LoaderManager.restartLoader to trigger the onCreateLoader 
@0verride
public boolean onOueryTextChange(String newText) {

// Called when the action bar search text has changed. Update 
// the search filter, and restart the loader to do a new query 
// with this filter.
mCurFilter = !TextUtils.isEmpty(newText) ? newText : nuli;
Log.d(tag,"Restarting the loader");
getLoaderManager().restartLoader(O, nuli, this);
return true;

}
@0verride
public boolean onOueryTextSubmit(String query) { 

return true;
}
private void showProgressbar() {

//show progress bar
View pbar = this.getProgressbar();
pbar.setVisibility(View.VISIBLE);
//hide listview
this.getListView().setVisibility(View.GONE);
findViewById(android.R.id.empty).setVisibility(View.GONE);

}
private void hideProgressbar() {

//show progress bar
View pbar = this.getProgressbar();
pbar.setVisibility(View.GONE);
//hide listview
this.getListView().setVisibility(View.VISIBLE);

}
private View getProgressbar() {

return findViewById(R.id.tla_pbar);
}

}//eof-class
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e wili explain each section from Listing 26-2 after we show you the supporting layout
p. e activity code in Listing 26-3. This layout in Listing 26-3 should clarify the view in
in^re 26-1 (Please notę that a number of resources are not included here but are available

he downloadable file at apress.com/978143O2468OO).

sfing 26-3. A Typical ListActivity Layout for Loaders
<j^ml Version="i.o" encoding="utf-8"?>

*****************************************
^es/^ay°ut/test_loaders_activity_layout.xml 

prrręsP°nding activity: TestLoadersActicity.java
1X: tla_ (Used for prefixing unique identifiers)

* 

* 

*

* 

* 

*

* 

* 

*

* 

*

*

Use:

struet°nStrate loadirig a cursor using loaders

eader message: text view (tla_header) 
istView Heading, ListView (fixed) 
r°gressBar (To show when data is being fetched) 
mpty View (To show when the list is empty): ProgressBar 

text view (tla_footer)*************+***************************

®a-tLayout xmlns: android:"http: //schemas. android. com/apk/res/android"
ndroid:orientation="vertical"

android:layout_width="match_parent" android:layout_height="match_parent"
roid:paddingLeft="2dp" android:paddingRight="2dp">

Header and Main documentation text —>
extView android:id="@+id/tla_header"

Android:layout_width="match_parent" android:layout_height="wrap_content"
android:background="@drawable/box2"
android:layout_marginTop="4dp" android:padding="8dp"

<। android:text="@string/tla_header'7>
_ ' Heading for the list view -->
extView android:id="@+id/tla_listview_heading"

android:layout_width="match_parent" android:layout_height="wrap_content"
android:background="@color/gray"
android:layout_marginTop="4dp" android:padding="8dp"
android:textColor="@color/black" style="@android:style/TextAppearance.Medium"

<J android:text="List of Contacts"/>
<i ListView used by the ListActivity. Uses a standard id needed by a list view -->
< i. Fix the height of the listview in a production setting -->

s wiew android:id="@android:id/list"
android:layout_width="match_parent" android:layout_height="wrap_content"
android:background="@drawable/box2"
android:layout_marginTop="4dp" android:layout_marginBottom="4dp"

< (_ android:drawSelectorOnTop="false'7>
< p Pr°gressBar: To show and hide the progress bar as loaders load data -->

°8ressBar android:id="@+id/tla_pbar"
android:layout_width="match_parent" android:layout_height="wrap_content"
android:layout_gravity="center"
android:indeterminate="true'7>

apress.com/978143O2468OO
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<1-- Empty List: Uses a standard id needed by a list wiew -->
<TextView android:id="@android:id/empty"

android:layout_width="match_parent" android:layout_height="wrap_content"
android:visibility="gone"
android:layout_marginTop="4dp" android:layout_marginBottom="4dp"
android:padding="8dp"
android:text="No Contacts to Match the Criteria"/>

<!-- Footer: Additional documentation text and the footer-->
<TextView android:id="@+id/tla_footer"

android :layout_width=''match_parent" android :layout_height="wrap_content" 
android:background="@drawable/box2" android:padding="8dp"
android:text="@string/tla_footer"/>

</LinearLayout>

Let’s now turn to understanding the code in Listing 26-2. We will explain this code through 
a series of steps you would follow to code with loaders. Let’s start with step 1, where t 
actiyity needs to be extended to support the LoaderManager callbacks.

Step 1: Preparing the Activity to Load Data
rk

Code necessary to load data using loaders is remarkably smali, because most of the w 
is done by the CursorLoader. The first thing you need to do is to have your actiyity ext 
the LoaderManager. LoaderCallbacks<Cursor> and implement the three needed metho ■ 
onCreateLoader(), onLoadFinished(), and onLoaderReset(). You can see how in 
By implementing this interface, you have enabled the actiyity to become a receiver for 
LoaderManager events through these three callbacks.

Step 2: Initializing the Loader
is don® 

Next, you have to tell the actiyity that you want a Loader object to load the data. This 
by registering and initializing a Loader during the onCreate() method of the actiyity as 
in Listing 26-4. You can also see this in the onCreate() of Listing 26-3 as well, in conte
the oyerall code.

Listing 26-4. Initializing a Loader
int loaderid = 0; Bundle argBundle = nuli;
LoaderCallbacks<Cursor> loaderCallbacks = this; //this actiyity itself 
getLoaderManager().initLoader(loaderid, argBundle, loaderCallbacks);

The loaderid argument is a developer-assigned unique number in the context of th|S 
to uniguely identify this Loader from other Loaders registered with this actiyity. Notę t
the example here, we are using only one Loader.

The second argsBundle argument is used to pass additional arguments to the 
onCreateLoader() callback if needed. This “bundle of arguments” approach follows 
usual pattern of differed factory object construction in many of the managed comp°n 
Android. Actiyities, fragments, and loaders are all examples of this pattern.
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req . ird argument, loaderCallbacks, is a reference to an implementation of the callbacks
role lred dy the LoaderManager. In Listings 26-2 and 26-4, the activity itself is playing this

’ So we pass this variable referring to the activity as the argument value.

to is registered and initialized, the LoaderManager will Schedule a cali
°nc e OnCreateLoader() callback if necessary. lf a cali was previously madę to the 
the J^eLoaderO and a loader object is available corresponding to this loader ID, then 
deveiethod onCreateLoader() will not be triggered. As stated earlier, the exception is if the 
this °iPer overrides this behavior by calling LoaderManager.restartLoader(). You will see 
loca?31 exP|ained later when we talked about providing search-based filtering capabilities to 

e a sub-selection of contacts.

^v'ng into the Structure of ListActivity
Cu^^^^tiN/ity in Figure 26-1 is extending a list activity with a content view that is a 
contr? Iayout through setContentView(). This gives us a lot more flexibility to place other 
v|6w 0 s in addition to the list view on the activity. For example, we have provided a header 
data’ ?footer view’ and also a progress bar to show that we are in the process of fetching 
fendr . °n|y constraint placed by a ListActivity is to name a control with the reserved 
to the°|ld: *d/listview to identify the list view that the list activity would be using. In addition 
View i IStView ID- we can also provide a view that the list activity uses if the list is empty. This 

s 'dentified by the predefined ID @android:id/empty.

^Orking with Asynchronous Loading of Data
ithe Ąct oad data asynchronously. Because of this we have an added responsibility in 

data is lvity-onCreateO to hide the listview and show the progress indicator until the list 
In the a^^' T° do this, we have a ProgressBar component in the layout in Listing 26-3.
View is ivity.onCreate() method, we set the initial state of the layout so that the list 
shovjpr hldden and the progress bar is shown. This functionality is coded in the method 
hidepr°gressbar() in Listing 26-2. In the same Listing 26-2, when the data is ready we cali 
list Vi?gressbar0 t0 hide the progress bar and show the populated list view or an empty 

w if there is no data.

3: lmPłementing onCreateLoaderO
si9natnurreateLoader^ is triggered by the initialization of the loader. You can see the 
3 Loade e and imPlementation of this method in Listing 26-2. This method constructs 
stern^? odiect f°r the corresponding loader ID that is passed in from the initialization 
^Urne???0™ the catl to LoaderManager.initLoader(). This method also receives the 

dund'e that is provided during the loader initialization for this loader ID.
''°ader^°d returns a properly typed (through Java generics) Loader object to the 
?ader *n Our case ^,s tyPe IS Loader<Cursor>. The LoaderManager caches the 
'S reinitiarJeCt and W'" reuse This is useful because when the device rotates and the loader 
^resenc '2ed due to Ac"tivity.onCreate(), LoaderManager recognizes the loader ID and the 

e of an existing loader. The LoaderManager then will not trigger a duplicate cali to 
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the onCreateLoader(). However, if the activity is to realize that the input data to the loader 
has changed, the activity code can cali the LoaderManager.restartLoader(), which will 
trigger a cali to the onLoaderCreate() again. In that case, the LoaderManager will first des 
the old loader and use the new one returned by the onLoaderCreate(). The LoaderManager 
does guarantee that the older loader will hang around until the new loader is created and 
available.
The onCreateLoader() method has fuli access to the local variables of the activity. So it 
can use them in any conceivable manner to construct the needed loaders. In case of a 
CursorLoader this construction is limited to the arguments available to the constructor o 
CursorLoader, which is specifically built to allow cursors from an Android content provid 
In our example, we have used the content URIs provided by the contacts content provid®r- 
Refer to Chapter 25, on content provider, for how to use content URIs to retrieve cursors 
from content provider data sources. It is quite simple: just indicate the URI you want to g 
the data from, supply the filter string as an argument or a path segment on that URI as P 
the documentation available for the contacts content provider, specify the columns y°u 
want, specify the where clause as a string, and construct the CursorLoader.

Step 4: Implementing onLoadFinished() d
Once the CursorLoader is returned to the LoaderManager, the CursorLoader will be 'nstrLJCater 
to start its work on a worker thread and the main thread will go on to the Ul chores. Ata 
point this method onLoadFinished() is called when the data is ready.

This method could be called multiple times. When the data from a content provider 
as the CursorLoader has registered itself with the data source, it will be alerted. CursorL 
then will trigger the onLoadFinished() again.
In the onLoadFinished() method, all you need to do is to swap the data cursor that is h®^ 
by the list adapter. The list adapter was initialized originally with a nuli cursor. SwappinS 
a populated cursor will show the new data on the list view. As we have hidden the listv! t|y 
Activity.onCreate(), we need to show the listview and hide the progress bar. Subsed 
we can go on swapping the new cursors for old cursors as data changes. The chang®3 
reflect automatically on the list view.
When the device rotates, a couple of things happen. The Activity.onCreate() will be 
called again. This will set the list cursor to nuli and also hide the list view. The code in j 
Activity.onCreate() will also initialize the loader again. The LoaderManager is progran 
so that this repeat initialization is harmless. The onCreateLoader() will not be called- 
The Cursor will not be requeried. However, the onLoadFinished() gets called again, 
which is what we needed to break out of this conundrum of initializing the data to nul 
first and wondering how and when it will be populated if we were not to requery. As 
onLoadFinished() gets called again on rotation, we are able to remove the ProgressBa 
show the list view, and swap the valid cursor from the nuli cursor. All works. Yes, it i® 
sneaky and round-about, but it works.
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Step 5: Implementing onLoaderReset()
caHback is invoked when a previously registered loader is no longer necessary and hence 

in stroyed. This can happen when an activity is destroyed due to a back button or explicitly 
re tructed to be finished by code. In such cases, this callback allows an opportunity to close 

sources or references that are no longer needed. However, it is important not to close the 
frarsors as they are managed by the corresponding loaders and will be closed for you by the 
to ?ework- This might suggest that the LoaderManager.restartLoader() might result in a cali 
that onLoaderReset() as the arguments to the old loader are no longer valid. But tests show 
the th'S 'S not the case- The method LoaderManager.restartLoader() will not trigger a cali to

method onLoaderReset(). The onLoaderReset() method is only called when the loader is 
LOa^ely destroyed by the activity no longer being needed. You can also explicitly instruct the

derManager to destroy the loader by calling LoaderManager.destroyLoader(loaderid).

^ing Search with Loaders

lOa Use search in our sample application to demonstrate the dynamie naturę of 
one erS' have attached a search view to the menu. You can see this in the method 
an5eate0PtionsMenu() in Listing 26-2. Here we have attached a SearchView to the menu 
the Pr°vided the activity as the callback to the SearchView when new text is provided in 
I ięt. earchView. The Search\/iew callback is handled in the method onQueryTextchange() of 
lst|bg 26-2.

^UrF .On'UeryTextChange() method, we take the new search text and set the local variable 
LOa . 1^t:er. We then cali LoaderManager.restartLoader() with the same arguments as the 
Win ^anager.initializeLoaderO. This will trigger the onCreateLoader() again, which 
Curs en USe mCurFilter to alter the parameters to the CursorLoader resulting in a new

Or This new cursor will replace the old one in the onLoadFinished() method.

Understanding the Order of LoaderManager Callbacks
$$Cai
event Se Android programming is largely event-based, it is important to know the order of 
ri9gedCalll3aCks' To help you understand the timing of the LoaderManager callbacks, we have 
c9llb samP'e Program with log messages. Here are some results showing the order of

In9 26-5 shows the order of calls when the activity is first created.

^ing i
Loader Callbacks on Activity Creation

ĄPpllCa+.
^tivi^lon-onCreate()
CeJM°nCreateO
Ach, •^ana8er-LoaderCallbacks.onCreateLoaderf)
Actiw^y‘on^ar^O
LoaderJy,OnResumeO

manager.LoaderCallbacks.onLoadFinished()
Whenth
is as ck e searcb view fires a new search criteria through its callback, the order of callbacks 

shown in Listing 26-6.
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Listing 26-6. Loader Callbacks on a New Search Criteria triggered by RestartLoader
RestartLoader //log message from onQueryTextChange
LoaderManager.LoaderCallbacks.onCreateLoader()
LoaderManager.LoaderCallbacks.onLoadFinished () 
//Notice, no cali to onLoaderReset()

Listing 26-7 shows the order of calls on configuration change.

Listing 26-7. Loader Callbacks on a Configuration Change
Application:config changed
Activity: onCreate

Actiyity.onStart
[No cali to the onCreateLoader]
LoaderManager.LoaderCallbacks.onLoadFinished
[optionally if searchview has text in it]

SearchView.onQueryChangeText
RestartLoader //just a log message
LoaderManager.LoaderCallbacks.onCreateLoader
LoaderManager.LoaderCallbacks.onLoadFinished

Listing 26-8 shows the order of callbacks on navigating back or navigating Home as thos 
action results in the actiyity are being destroyed.

Listing 26-8. Loader Callbacks when the Activity is destroyed
ActivityonStop()
Actiyity.onDestroy()
LoaderManager.LoaderCallbacks.onLoaderReset() //Notice this method is called

Writing Custom Loaders
As you have seen with the CursorLoader, Loaders are specific to their data sources. 
So you may need to write your own loaders. Very likely you will need to derive from 
AsyncTaskLoader and specialize it using the principles and contracts laid out by the 
protocol. See the SDK documentation for the Loader class to get more details. You cacoCje 
use the CursorLoader source codę as a guide in writing your own loaders. The source> 
is available online from multiple sources (you can just google it) or as part of the And 
source download.

Resources
Here are additional resources for the topics covered in this chapter:

■ : Research notes on loaders. 
You will see here links to references, research, sample codę, images, 
key questions, and ongoing notes.

http://www.androidbook.com/item/4890

■ : 
Primary guide for loaders from Android.
http://developer.android.com/guide/components/loaders.html

http://www.androidbook.com/item/4890
http://developer.android.com/guide/components/loaders.html
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http://developer.android.com/guide/components/loaders.
html#callbacl<: Key loader API callbacks to be implemented by an 
activity or a fragment.

http://developer.android.com/reference/android/content/Loader. 
html: Loader Java class API to understand what methods are available 
on a loader object which is often passed to the loader API callbacks.
http://developer.android.com/reference/android/app/
LoaderManager.html: LoaderManager Java class API which is useful to 
control the loader, such as initialing, restarting, or removing.
http://developer.android.com/reference/android/content/ 
CursorLoader.html: CursorLoader Java class API which is useful to 
ioad data using cursors. CursorLoaders are also passed as arguments 
to the LoaderManager callbacks. You can use the public API on the 
CursorLoader to get its ID, cancel the load, and get the input arguments 
used to start the cursor.
http://developer.android.com/guide/topics/ui/layout/listview. 
html: You will find here how to use loaders to populate and work with a 
ListView.

http: //developer.android.com/reference/android/provider/ 
ContactsContract.Contacts.html: Content provider APls available to 
Work with the Android contacts database.
http://developer.android.com/reference/android/app/Activity .html 
#startManagingCursor(android.database.Cursor): API documentation 
of what a managed cursor is. This is useful to see what is done to a 
cursor in a managed environment. This applies to cursors managed by 
loaders as well.

http://www.androidbook.com/proandroid5/projects: Downloadable test 
Project for this chapter is accessible from this URL. The name of the zip 
file is ProAndroid5_Ch26_TestLoaders.zip.

dinary
. aders ar«
lri terms f essent'a'to l°acl data from data sources both from a timing perspective and also 
s$en jn tlle ability to deal with the managed life cycle of activities and fragments. You have 
f6siJltina IS c^aPter h°w easy it is to use loaders to load data from content providers. The 

code is responsive, able to deal with configuration changes, and simple.

http://developer.android.com/guide/components/loaders
http://developer.android.com/reference/android/content/Loader
http://developer.android.com/reference/android/app/
http://developer.android.com/reference/android/content/
http://developer.android.com/guide/topics/ui/layout/listview
file:////developer.android.com/reference/android/provider/
http://developer.android.com/reference/android/app/Activity.html
http://www.androidbook.com/proandroid5/projects


&<ploring the Contacts API

Chapter 27

We iis^Pters 25 and 26, we covered content providers and their close cousins, the loaders. 
ProVjd ed the benefits of exposing data through content provider abstraction. In a content 
read er abstraction, data is exposed as a series of URLs. These data URLs can be used to 
the apu6^’ update’ insert, and delete. These URLs and their corresponding cursors become 
Th f°r conter|t provider.
in ^tacts API is or|e such content provider API for working with contact data. Contacts 
authn r+°'d are maintained in a database and exposed through a content provider whose 

r'ty is rooted at
c°ntent-//

•''Com.android.contacts

'nterf^0^ SDK documents the various URLs and the data they return using a set of Java 
Ces and classes that are rooted at the Java package

•Provider.ContactsContract

in que^See numerous classes whose parent context is ContactsContract; these are useful 
The prj n9, fading, updating, and inserting contacts into and from the content database.

^ary documentation for using the Contacts API is available on the Android site at 
^tpg. // , 

eveloper.android.com/guide/topics/providers/contacts-provider.html

^inesrth API entry point ContactsContract is appropriately named because this class 
the e contract between the clients of the contacts and the provider and protector of 
Th c°ntacts database.

exp'ores this contract in a fair amount of detail but does not cover every 
abProach th Contacts API is ,ar9e and its tentacles far-reaching. However, when you 
'ts ^hde 'he Contacts API, it will take a few weeks of research to realize that it is simple in 
basiCs in s^ruc^ure' This is where we would like to contribute the most and explain these 

the time it takes to read this chapter.

621
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Android 4.0 has extended the idea of contacts to include a user profile, similar to a user
profile in a social network. A user profile is a dedicated contact that represents the °wner^
the device. Most of the generał contact-based concepts remain the same. We will cover
the Contacts API is extended to support a user profile.

Understanding Accounts
All contacts in Android work in the context of an account. What is an account? Well, f°r 
example, if you have your e-mail through Google, you are said to have an account with 
Google. If you set up yourself as a user of Facebook, you are said to have an account w 
Facebook. You will be able to set up these accounts through the “Accounts & sync” Se 
option on the device. See the Android User’s Guide to get morę details around accoun 
how to set them up.
The contacts you manage are tied to a specific account. An account owns its set of 
contacts—or an account is said to be the parent of a contact. An account is identified 
by two strings: the account name and the account type. In case of Google, your accou 
name is your e-mail user name at Gmail and your account type is com.google. The acc 
type must be unique across the device. Your account name is unique within that accou 
type. Together, an account type and an account name form an account, and only once 
account is formed can a set of contacts be inserted for that account.

Enumerating Accounts
The Contacts API primarily deals with contacts that exist in various accounts. The tQ 
mechanism of creating accounts is outside of the Contacts API, so explaining the abi1 
write your own account providers and how to sync the contacts within those accounts ^ 
outside the scope of this chapter. You can understand and benefit from this chapterw' aCt 
going into the details of how accounts get set up. However, when you want to add a 
or a list of contacts, you do need to know what accounts exist on the device. You canr|arrte 
the code in Listing 27-1 to enumerate the accounts and their properties (the account n 
and type). Code in Listing 27-1 lists the account name and type given a context varia 
such as an activity.

Listing 27-1. Code to Display a List of Accounts
public void listAccounts(Context ctx) {

AccountManager am = AccountManager.get(ctx);
Account[] accounts = am.getAccounts();
for(Account ac: accounts) {

String account_name=ac.name;
String account_type = ac.type;
Log.d("accountlnfo", account_name + + account_type);

}
}

the lin® 
To run the code in Listing 27-1, the manifest file needs to ask for permission using1 
Listing 27-2.
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^'ng 27-2. Permission to Read Accounts

U$es'Permission android:name="android.permission.GET_ACCOUNTS />

code from Listing 27-1 will print something like the following:

^^‘^ail-at-gmail: com. google 

^'s assumes that you have only one account (Google) configured. If you have more than 

account, all of those accounts will be listed in a similar manner.
^s'n9 the contacts application on the device you can add, edit, and delete contacts to any 

y°ur existing accounts.

Understanding Contacts
of°Ntacts owned by an account are called raw contacts. A raw contact has a va|iadl®
Ą ata e'ements (for example, e-mail address, phone number, name, an pos a .

roid Presents an aggregated view of raw contacts by listing only once any ra
Q seems to match. These aggregated contacts form the set of contac s you s 

en the contacts application.
now examine how contacts and their related data are stored in various tables. 

r erstanding these contact tables and their associated views is key to un ers 
°ntacts API.

^amining the Contacts SOLite Database
CoM^a^to understand and examine the contacts database tables is to th®

database from the device or the emulator and open it using one o e 
Xpl°rer tools.

ng^^nload the contacts database, use the File Explorer shown in Figurę 30-17 and 
'9ate to the following directory on your emulator:

^a/data/com.android.providers.contacts/databases

on the release, the database file name may differ slightly, but it should be called 
simii9^5’^^ contacts2.db, or something similar. In 4.0, the contacts provider uses a 
to x,ar|y structured but separate database file called profile.db to hołd the eon ac s re 

e Personal profile.

Understanding Raw Contacts
6achCOntacts y°u see in the contacts application are called aggregated contacts. Underneath 
ą a9gregated contact lies a set of contacts called raw contacts. An aggregate eon ac i

°n a set of similar raw contacts.
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The set of contacts belonging to an account are called raw contacts. Each raw contact 
points to the details of one person in the context of that account. This is in contrast to an 
aggregated contact, which crosses account boundaries and belongs to the device as a 
whole. This relationship between an account and its set of raw contacts is maintained m 
the raw contacts table. Listing 27-3 shows the structure of the raw contacts table in the 
contacts database.

Listing 27-3. Raw Contact Table Definition
CREATE TABLE raw_contacts 
(id INTEGER PRIMARY KEY AUTOINCREMENT,
is_restricted INTEGER DEFAULT 0,
account_name STRING DEFAULT NULL,
account_type STRING DEFAULT NULL,
sourceid TEXT,
version INTEGER NOT NULL DEFAULT 1,
dirty INTEGER NOT NULL DEFAULT 0,
deleted INTEGER NOT NULL DEFAULT 0,
contact_id INTEGER REFERENCES contacts(_id),
aggregation_mode INTEGER NOT NULL DEFAULT 0,
aggregation_needed INTEGER NOT NULL DEFAULT 1,
custom_ringtone TEXT
send_to_voicemail INTEGER NOT NULL DEFAULT 0,
times_contacted INTEGER NOT NULL DEFAULT 0,
last_time_contacted INTEGER,
starred INTEGER NOT NULL DEFAULT 0,
display_name TEXT,
display_name_alt TEXT,
display_name_source INTEGER NOT NULL DEFAULT 0,
phonetic_name TEXT,
phonetic_name_style TEXT,
sort_key TEXT COLLATE PHONEBOOK,
sort_key_alt TEXT COLLATE PHONEBOOK,
name_verified INTEGER NOT NULL DEFAULT 0,
contact_in_visible_group INTEGER NOT NULL DEFAULT 0, 
syncl TEXT, sync2 TEXT, sync3 TEXT, sync4 TEXT )

As with most Android tables, the raw contacts table has the _ID column that unique y 
identifies a raw contact. Together, the field’s account_name and account_type identity 
account to which this contact (specifically, the raw contact) belongs. The sourceid 
indicates how this raw contact is uniquely identified in the account.
The field contact_id refers to the aggregated contact that this raw contact is one ot. g 
An aggregated contact points to one or morę similar contacts that are essentially 
person set up among multiple accounts.
The field display_name points to the display name of the contact. This is primarily a is 
read-only field. It is set by triggers based on the data rows added in the data table ( 
covered in the next subsection) for this raw contact.
The sync fields are used by the account to sync contacts between the device and the 
server-side account such as Google mail.
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Althn°ugh we have used SOLite tools to explore these fields, there is more than one way to 
scover these fields. The recommended way is to follow the class definitions as declared in 

atethOntactsContract APL To exP|ore the columns belonging to a raw contact, you can look 
e class documentation for ContactsContract.RawContacts.

^ere are advantages and disadvantages to this approach. A significant advantage is that 
C(H get to know the fields published and acknowledged by the Android SDK. The database 
theUrrins may get added or dropped without changing the public interface. So if you use 
d database columns directly, they may or may not be there. Instead, if you use the public 

n|tions for these columns, you are safe between releases.

disadvantage, however, is that the class documentation has many other constants 
nulrsperseP with column names; we kind of got lost in figuring out what was what. These 
gQ0 er°Us class definitions give the impression that the API is complex when, in reality, 
cq| ° Ebe ciass documentation for the Contacts API is to define constants for these 

cmns and the URis to access these rows.
Whbg eri We exerc*se the Contacts API in later sections, we will use the class-documentation- 
the Coristants instead of direct column names. However, we felt the direct exploration of 

ables was the quickest way to help you understand the Contacts API.

is next about how the data relatino to a contact (such as e-mail and phone number) 
stored.

^erstanding the Contacts Data Table
justSeen tr°rn the raw contact table definition, the raw contact (in an anticlimactic sense) is 
r9w 'ndicating what account it belongs to. Data pertaining to the contact is not in the 
num^°ntact table but saved in the data table. Each data element’ such as e'mail and phone 
table er’ 'S st°red as separate rows in the data table tied by the raw contact ID. The data

t’ ^hose definition is shown in Listing 27-4, contains 16 generic columns that can storę 
VPe of data element such as an e-mail.

^sting 27 A n

Contact Data Table Definition
5TE TaBLE data

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER

PRIMARY KEY AUTOINCREMENT, 
REFERENCES package(_id), 
REFERENCES mimetype(_id) NOT NULL, 
REFERENCES raw_contacts(_id) NOT NULL, 
NOT NULL DEFAULT O, 
NOT NULL DEFAULT O, 
NOT NULL DEFAULT O,

id

is ; ntact id 
^-Primary 
dat^^-Primary 
dat^ion 
data6 tFy data2 TEXT>data3 TEXT,data4 TEXT,data5 TEXT, 
^311 Tc data7 TEXT,data8 TEXT,data9 TEXT,datalO TEXT, 
data EXT>datal2 TEXT,datal3 TEXT,datal4 TEXT,datal5 TEXT,

nci TEXT, data_sync2 TEXT, data_sync3 TEXT, data_sync4 TEXT )

Ta
f>oints points to the raw contact to which this data row belongs. The mimetype_id
in Llsj. 0 the MIME type entry indicating one of the types identified in the contact data types 

lng 27-4. The columns datal through datais are generic string-based tables that can 
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storę anything that is necessary based on the MIME type. The sync fields support contact 
syncing. The table that resolves the MIME type IDs is in Listing 27-5.

Listing 27-5. Contacts MIME Type Lookup Table Definition
CREATE TABLE mimetypes
(_id INTEGER PRIMARY KEY AUTOINCREMENT, 
mimetype TEXT NOT NULL)

As with the raw contacts table, you can discover the data table columns through the help®r 
class documentation for ContactsContract.Data. Although you can figurę out the colon1 
from this class definition, you will not know what is stored in each of the generic column 
from datai through datais. To know this, you will need to see the class definitions for a 
number of classes under the namespace ContactsContract.CommonDataKinds.
Some examples of these classes follow:

■ ContactsContract.CommonDataKinds.Email
■ ContactsContract.CommonDataKinds.Phone

In fact, you will see one class for each of the predefined MIME types. These classes follows: Email, Event, GroupMembership, Identity, Im, Nickname, Notę, Organization," Photo, Relation, SipAddress, StructuredName, StructuredPostal, Website. Ultimately, CommonDataKinds classes do is indicate which generic data fields (datal through data in use and what for.

Understanding Aggregated Contacts
Ultimately, a contact and its related data are unambiguously stored in the raw cont^g 
and the data table. An aggregated contact, on the other hand, is heuristic and could 
ambiguous.
When there is a contact that is the same between multiple accounts, you may want to 
one name instead of seeing the same or similar name repeated once for every accou 
Android addresses this by aggregating contacts into a read-only view. Android storeStfie 
aggregated contacts in a table called contacts. Android uses a number of triggers 
raw contact table and the data table to populate or change this aggregated contact 

tact ta^ 6 
Before going into explaining the logie behind aggregation, let us show you the com 
definition (see Listing 27-6).

Listing 27-6. Aggregated Contact Table Definition
CREATE TABLE contacts
(_id INTEGER PRIMARY KEY AUTOINCREMENT,
name_raw_contact_id INTEGER REFERENCES raw_contacts(_id),
photo_id INTEGER REFERENCES data(_id),
custom_ringtone TEXT,
send_to_voicemail INTEGER NOT NULL DEFAULT 0,
times_contacted INTEGER NOT NULL DEFAULT 0,
last_time_contacted INTEGER,
starred INTEGER NOT NULL DEFAULT 0,
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has DLlble-8rouP INTEGER NOT NULL DEFAULT 1,
looku One-number INTEGER NOT NULL DEFAULT O,
statlJP TEXT,
singip~^pdate-id INTEGER REFERENCES data(_id),

s e^is_restricted INTEGER NOT NULL DEFAULT 0)

Sear lant directly updates this table. When a raw contact is added with its detail, Android 
the a es °ther raw contacts t0 see if there are similar raw contacts. If there is one, it will use 
cont "re9ated contact ID of that raw contact as the aggregated contact ID of the new raw 
crea^C* aS WelL No entrY is made into the aggregated contact table. If nonę is found, it will 
co? e an aggregated contact and use that aggregated contact as the contact ID for that raw 

Ąndroid

1.

2.

3.

uses the following algorithm to determine which raw contacts are similar:

The two raw contacts have matching names, both first and last.

The words in the name are the same but vary in order: “first last” or
“first, last” or “last, first.”

The shorter versions of the names match, such as “Bob” for
“Robert.”

If one of the raw contacts has just a first or last name, this will trigger 
a search for other attributes, such as phone number or e-mail, and if 
the other attributes match, the contact will be aggregated.

If one of the raw contacts is missing the name altogether, this will 
also trigger a search for other attributes as in step 4.

The cijSe ^ese rules are heuristie, some contacts may be aggregated unintentionally. 
a caSee? aPPHcations need to provide a mechanism to separate the contacts in such 
appiic ' y°u refer to the Android User’s Guide, you will see that the default contacts 

a ion allows you to separate contacts that are unintentionally merged.
'0q Ca
rąw co ? S° prevenf fP® aggregation by setting the aggregation modę when you insert the 

n act. The aggregation modes are shown in Listing 27-7.

4.

5.

^'dg 27.7 a

■ Aggregation Modę Constants
DEFAULT

aggrS on^ode disabled 
cation_mode_suspended

Thg fifg|
^he 0Pti°n is obvious; it is how aggregation works.

ą9greqa°np Opt'on (disabled) keeps this raw contact out of aggregation. Even if it is 
c°ntact aiready, Android will puli it out of aggregation and allocate a new aggregated 
y dedicated to this raw contact.

third
cf|ange °ption (suspended) indicates that even though the properties of the contact may 

kept’tWhich wil1 make it invalid for the aggregation into that batch of contacts, it should 
led to that aggregated contact.
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The last point brings out the volatile dimension of the aggregated contact. Say you have a 
unique raw contact with a first name and a last name. Right now, it doesn’t match any o*11 
raw contact, so this unique raw contact gets its own allocation of an aggregated contact. 
aggregated contact ID will be stored in the raw contact table against that raw contact row. 

However, you go and change the last name of this raw contact, which makes it a match 
to another set of contacts that are aggregated. In that case, Android will remove the raw 
contact from this aggregated contact and move it to the other one, abandoning this sing 
aggregated contact by itself. In this case, the ID of the aggregated contact becomes en 
abandoned, as it will not match anything in the futurę because it is just an ID without an 
underlying raw contact.

So an aggregated contact is volatile. There is not a significant value to hołd on to this 
aggregated contact ID overtime.
Android offers some respite from this predicament by providing a field called lookup in 
the aggregated contacts tables. This lookup field is an aggregation (concatenation) ofthe 
account and the unique ID of this raw contact in that account for each raw contact. This 
information is further codified so that it can be passed as a URL parameter to retrieve the 
latest aggregated contact ID. Android looks at the lookup key and sees which underlying 
raw contact IDs are there for this lookup key. It then uses a best-fit algorithm to return a 
suitable (or perhaps new) aggregated contact ID.
While we are explicitly examining the contacts database, let’s consider a couple of contact 

related database views that are useful.

Exploring view_contacts d
The first of these views is the view_contacts. Although there is a table that holds the aggre9a 
contacts (contacts table), the API doesn’t expose the contacts table directly. Instead, it useS 
view_contacts as the target for reading the aggregated contacts. When you query based oh 
the URI ContactsContract.Contacts.CONTENTJJRI, the columns returned are based on this 
view_contacts. The definition of view_contacts view is shown in Listing 27-8.

Listing 27-8. » Wiew to ReadAggregated Contacts
CREATE VIEW view_contacts AS

SELECT contacts._id AS _id, 
contacts.custom_ringtone 
name_raw_contact.display_name_source 
name_raw_contact.display_name 
name_raw_contact.display_name_alt 
name_raw_contact.phonetic_name 
name_raw_contact.phonetic_name_style 
name_raw_contact.sort_key 
name_raw_contact.sort_key_alt 

AS custom_ringtone, 
AS display_name_source, 
AS display_name, 
AS display_name_alt, 
AS phonetic_name, 
AS phonetic_name_style, 
AS sort_key, 
AS sort_key_alt,

name_raw_contact.contact_in_visible_group AS in_visible_group, 
has_phone_number,
lookup, 
photo_id,
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c°ntacts.last_time_contacted AS last_time_contacted,
°ntacts.send_to_voicemail AS send_to_voicemail,

c°ntacts.starred AS starred,
°ntacts.times_contacted AS times_contacted, status_update_id

contacts TOIN raw_contacts AS name_raw_contact 
(name_raw_contact_id=name_raw_contact._id)

b°tice that the view_contacts view combines the contacts table with the raw contact table 
ased on the aggregated contact ID.

^Ploring contactentitiesview
^other useful view is the contact_entities_view that combines the raw contacts table with 
tirn d3*3 This view allows us to retrieve all the data elements of a given raw contact one 
c e’ Or even the data elements of multiple raw contacts belonging to the same aggregated 

ntact. Listing 27-9 presents the definition of this view based on contact entities.

sting 27-9. Contact Entities View
^ATE viEW contact entities view AS

^LEct 
ra 1 raw_contacts.account_name 
r ~COntacts.account_type 
xau~Con*acts. sourceid 
Ia ~Contacts.version 
ra^tacts. dirty

Ontacts.deleted
DarrC°ntacts • name verified 
package

ta^°ntacts-syncl 
ta^°ntacts-sync2 
ra^°ntacts-sync3 
mi^^^ts-syncA 
datao e' datai, data2, data3, 
data ’ dataio, datali, datal2,

-^nci, data_sync2, data_sync3, data_sync4,

AS account_name,
AS account_type,
AS sourceid,
AS version,
AS dirty,
AS deleted.
AS name_verified,
AS res_package,

AS syncl,
AS sync2,
AS sync3,
AS sync4,

data4, dataS, dataó, data7, data8, 
datal3, data!4, datalS,

A
-c°ntacts._id AS _id,

dataPrimary> is super primary, 
da^jsion, - -

ta^ AS data_id,
taw' ^acts. starred AS starred,
grouCOntacts • T^^s^^cicted AS is_restricted,

Ps-sourceid AS group_sourceid

0Nraw_contacts LEFT OUTER 30IN data
LEft- ^da'ta-raw_contact_id=raw_contacts._id)

ON TER 30IN Packa8es 
cPata.package_id=packages._id)
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LEFT OUTER TOIN mimetypes
ON (data.mimetype_id=mimetypes._id)

LEFT OUTER TOIN groups
ON (mimetypes.mimetype=' vnd.android.cursor.item/group_membership1

AND groups._id=data.datal)

The URIs needed to access this view are available in the class 
ContactsContract.RawContactsEntity.

Working with the Contacts API
So far, we have explored the basie idea behind the Contacts API by exploring its tables 
views. We will now present a number of code snippets that can be used to explore eon 
These snippets are taken from the sample application that is developed to support this 
chapter. Although the snippets are taken from the sample application, they are sufficien 
to aid the understanding of how the Contacts API work. You can download the fuli samp 
program using the project download URL at the end of this chapter.

Exploring Accounts
We will start our exercise by writing a program that can print out the list of accounts. 
We have already given the code snippets necessary to get a list of accounts. Consider 
class AccountsFunctionTester in Listing 27-10.

Listing 27-10. AccountsFunctionTester ThatPrintsAvailableAccounts
//3ava class: AccountsFunctionTester.java
//Menu to invoke this: Accounts
//BaseTester is a supporting base class holding the parent activity
II and some reused common variables. See the source code if you are morę curious. 
public class AccountsFunctionTester extends BaseTester {

private static String tag = "to";

//IReportBack is a simple logging interface that writes log messages
//to the main activity and also to the log.
public AccountsFunctionTester(Context ctx, IReportBack target) { 

super(ctx, target);
}
public void testAccounts() {

AccountManager am = AccountManager.get(this.mContext);
Account[] accounts = am.getAccounts();
for(Account ac: accounts) {

String acname=ac.name;
String actype = ac.type;
this.mReportTo.reportBack(tag,acname + + actype);

}
}

}
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Notę As we present and explore the Java code necessary to work with contacts, you will see
three variables repeatedly used in the presented source code:

mContext: A variable pointing to an activity

mReportTo: A variable implementing a logging interface (IReportBack—you can see 
this Java file in the downloadable project) that can be used to log messages to the test 
activity that is used for this chapter

Utils: A static class that encapsulates very simple utility methods

We have chosen not to list these classes here because they will distract you from understanding the 
c°re functionality of the Contacts API. You can examine these classes in the downloadable project.

AU the code in this chapter uses an unmanaged query against the content provider. This is done by 
calling Activity.getContentResolver() .query(). This is because we merely read the data 
and print out the results right away. If your goal instead is to use Ul (through activities or fragments) 
as a target to display your contacts then read Chapter 27 on loaders. Loaders show the right way to 
display cursors from any content provider.

Whhiai6^ y°u run samPle program that you can download for this chapter, you will see a 
pri^ activity that appears with a number of menu options. The menu option “Accounts will 

he list of accounts available on the device.

^Ploring Aggregated Contacts
YoqS See ^ow we can explore aggregated contacts through code snippets. To read contacts, 

ne®d to request the following permission in the manifest file:
3ndro, .

a •Permission.READ_CONTACTS
Al

at s e functionality we are testing deals with content providers, URIs, and cursors, let s look
USefui code snippets presented in Listing 27-11. (These code snippets are available 

dow 711 utils.java or in some of the base classes derived from BaseTester in the chapter’s 
nloadable project.)

Listi^27n . •
'• n. Getting a Cursor Given a URI and a where Clause

^licleVe a c°lumn trom a cursor
int String getColumnValue(Cursor cc, String cname) {

1 = cc.getColumnIndex(cname):
} Urn cc.getString(i);
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//See what columns are there in a cursor
protected static String getCursorColumnNames(Cursor c) { 

int count = c.getColumnCount();
StringBuffer cnamesBuffer = new StringBuffer();
for (int i=O;i<count;i++) {

String cname = c.getColumnName(i);
cnamesBuffer.append(cname).append(';');

}
return cnamesBuffer.toString();

//From URIFunctionTester.java, baseclass of some of the other testers
//Civen a URI and a where clause return a cursor
protected Cursor getACursor(Uri uri,String clause) {

Activity a = (Activity)this.mContext; //mContext coming from BaseTester 
return a.getContentResolver().query(uri, nuli, clause, nuli, nuli);

}

In this section, we are primarily exploring the cursor returned by aggregated contact UP|S 
Each row returned by the resulting contact cursor will have a number of fields. For our 
example, we are not interested in all the fields but only a few. You can abstract this ou 
another class called an AggregatedContact. Listing 27-12 shows this class.

Listing 27-12. An Object Definition for a Few Fields of an Aggregated Contact
//AggregatedContact.java
public class AggregatedContact {

public String id;
public String lookupUri;
public String lookupKey;
public String displayName;
public void fillinFrom(Cursor c) {

id = Utils.getColumnValue(c,"_ID");
lookupKey = Utils.getColumnValue(c,ContactsContract.Contacts.LOOKUP_KEY);
lookupUri = ContactsContract.Contacts.CONTENT_LOOKUP_URI + "/" + lookupKey, 
displayName = Utils.getColumnValue(c,ContactsContract.Contacts.DISPLAY_NAM h

}
}

In Listing 27-12 we use the cursor to load up the fields that we are interested in.

Getting the Aggregated Contacts Cursor
Listing 27-13 shows how to retrieve a cursor that is a collection of aggregated contact 
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Listing 27-13. Getting a Cursor for All Aggregated Contacts
^et a cursor of all contacts. Specify the where clause as nuli to indicate all rows. 

class: AggregatedContactFunctionTester.java
enu item to invoke: Contacts Cursor

rivate Cursor getContacts() {
Uri uri = ContactsContract.Contacts.CONTENTJJRI;
//Specify ascending or descending way to sort names 
string sortOrder = ContactsContract.Contacts.DISPLAY_NAME

+ " COLLATE LOCALIZED ASC";
Activity a = (Activity)this.mContext; //Local variable poin ing o an

। return a.getContentResolver().query(uri, nuli, nuli, nuli, sor r er),

e UR| usec| to read all the contacts is ContactsContract.Contac s. •
ass this URI to the query()function to retrieve a cursor. You can pass na 
r°jection to receive all columns. Although this is not recommende in p , 
makes sense because we want to know about all the columns i re urn .

the display name of the contact as the sort order. Notice how, ag , 
^^ctContr act. Contacts to get the column name for the contac isp’ y shown in

Print the field names from this cursor you will see the returned le columns mav 
at|ig 27-14. Depending on the release the order may be differen an riause. that way 

sdded. It is a good practice to explicitly specify a projection to e qu ry
Ur code will work across releases.

'^ting 27-14. Aggregated Contacts Content URI Cursor Columns
^mes_contacted; contact status; custom ringtone; has_phone_number, Phon^^-^ ’ tactec|. 

On^ic_name s yle; contact status label; lookup; contact_status icon t t me c tacted,
‘ Play_name;-sort_key_alt; in_visible_group; _id; starred; sort.key; Play-^ 

p^o act_presence; display_name_source; contact_status_res_pac age,
°_id; send_to_voicemail;

fading Aggregated Contact Details
fp°w ^at we’ve explored the columns available with the contacts content URL let s pick a
** columns and see what contact rows are available. We are interested in the following

c Urnns from a contact cursor: display name, lookup key, and loo up • .
। Osidering these fields because we want to see what the lookup key an
. ok like based on what is covered in the theory part of this chapter. Speci i y, 

erested in firing off the lookup URI to see what type of a cursor it returns.
function listContacts() in Listing 27-15 gets a contacts cursor and Print® thr®e

। umns for each row of the cursor. Notę that this listing is taken from a c ass 
al Yariable called mContext to indicate the actiyity and a local yariable ca e ni p 
ahle to log any messages to the actiyity.
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Listing 27-15. Printing the Lookup Keys for an Aggregated Contact
Z/Java class: AggregatedContactFunctionTester.java
//Menu item to invoke: Contacts
public void listContacts() {

Cursor c = nuli;
try {

c = getContacts();
int i = c.getColumnCount();
this.mReportTo.reportBack(tag, "Number of columns:" + i);
this.printLookupKeys(c);

}
finally { if (cl = nuli) c.close(); }

}
private void printLookupKeys(Cursor c) {

for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {
String name=this.getContactName(c);
String lookupKey = this.getLookupKey(c);
String luri = this.getLookupUri(lookupKey);
this.mReportTo.reportBack(tag, name + + lookupKey); //log
this.mReportTo.reportBack(tag, name + + luri); //log

}
}
private String getLookupKey(Cursor cc) {

int lookupkeylndex = cc.getColumn!ndex(ContactsContract.Contacts.LOOKUP_KEY);
return cc.getString(lookupkeylndex);

}
private String getContactName(Cursor cc){

return Utils.getColumnValue(cc,ContactsContract.Contacts.DISPLAY_NAME);
}
private String getLookupUri(String lookupkey) {

String luri = ContactsContract.Contacts.CONTENT_LOOKUP_URI + "/" + lookupkey; 
return luri;

}

Exploring the Lookup URI-Based Cursor
Now that we know how to extract lookup URis for a given aggregated contact, let s se 
we can do with a lookup URI.

listThe function listLookupUriColumns() in Listing 27-16 will take the first contact from the^ 
of all contacts and then formulate a lookup URI for that contact and fire off the URI to s 
what kind of a cursor it returns by printing the column names from that cursor.
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^ing 27-16. Exp!oring the Lookup URI Cursor
/l^Ss: A§gregatedContactFunctionTester.java, Menu item to invoke: Single Contact Cursor
TOlic void listLookupUriColumns() {

Cursor c = nuli;
try {

c = getContacts();
String firstContactLookupUri = getFirstLookupUri(c);

j printLookupUriColumns(firstContactLookupUri);

} finally { if (c! = nuli) c.close(); }

^•ate String getFirstLookupUri(Cursor c) {

c-moveToFirst();
(c.isAfterLast()) {
Log.d(tag,"No rows to get the first contact");
return nuli;

string lookupKey = this.getLookupKey(c);
j return this.getLookupUri(lookupKey);

^'•lic «oid printLookupUriColumns(String lookupuri) {

Cursor c = nuli;
try {

c = getASingleContact(lookupuri);
int i = c.getColumnCount(); 
this.mReportTo.reportBack(tag, 
int j = c.getCount();
this.mReportTo.reportBack(tag, 
this.printCursorColumnNames(c);

Number of columns:" + i);

Number of rows:" + j);

} finally { if (c!=null)c.close(); }

lookup uri, retrieve a single aggregated contact
*8te Cursor getASingleContact(String lookupUri) {

ctivity a = (Activity)this.mContext;
} return a.getContentResolver().query(Uri.parse(lookupUri), nuli, nuli, nuli, nuli);

As ■Of tums out, it just returns a cursor (as in Listing 27-14) that is identical in columns for that 
t0 the a9gregated contact cursor as in Listing 27-13, except that it has only one row pointing 
l^, contact for which this is the lookup key. Also notice that we have used the following **UP URI definition:

n^actsContract.Contacts.CONTENT_LOOKUP_URI
y
ą c ^ow from the discussion of the contact lookup URIs that each lookup URI represents 
^iah tion of raw contact identifies that have been concatenated. That being the case, you 
the t ave expected the lookup URI to return a series of matching raw contacts. However, 

est *n Listing 27-16 is showing that it is not returning a cursor of raw contacts but 
ead a cursor of contacts.
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Notę A lookup based on the contact lookup URI returns an aggregated contact and not a 
raw contact.

Another tidbit is that the lookup process for the aggregated contact based on the lookup 
URI is not linear or exact. This means Android will not look for an exact match of the loo 
key. Instead, Android parses the lookup key into its constituent raw contacts and then b 
the aggregated contact ID that matches the most of the raw contact records and returns 
aggregated contact record.
One consequence of this is that no public mechanism is available to go from the lookup k®y 
its constituent raw contacts. Instead, you have to find the contact ID for that lookup key a 
then fire off a raw contact URI for that contact ID to retrieve the corresponding raw contac 
Here is another codę snippet that shows what is returned from a cursor as an object instea^t. 
as a set of columns. The codę in Listing 27-17 returns the first aggregated contact as an o

Listing 27-17. Codę Testing Aggregated Contacts
//Java class: AggregatedContactFunctionTester.java
protected AggregatedContact getFirstContact() {

Cursor c=null;
try {

c = getContacts(); c.moveToFirst();
if (c.isAfterLast()) {

Log.d(tag,"No contacts");
return nuli;

}
AggregatedContact firstcontact = new AggregatedContact();
firstcontact.fillinFrom(c);
return firstcontact;

}
finally { if (c!=null) c.close(); }

}

Exploring Raw Contacts
In Listing 27-18, the file RawContact.java, captures a few important fields from the raWntpe 
contacts table cursor. (This file, like all other codę snippets in this chapter, is available i 
downloadable project for this chapter.)

Listing 27-18. Source codę forRawContact. java
//Class: RawContact.java
public class RawContact {

public String rawContactld;
public String aggregatedContactld;
public String accountName;
public String accountType;
public String displayName;
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Public void fillinFrom(Cursor c) {
rawContactld = Utils.getColumnValue(c,"_ID");
accountName = Utils.getColumnValue(c,ContactsContract.RawContacts.ACCOUNT.NAME);
accountType = Utils.getColumnValue(c,ContactsContract.RawContacts.ACCOUNT_TYPE);
aggregatedContactld = Utils.getColumnValue(c,

ContactsContract.RawContacts.CONTACT_ID);
displayName = Utils.getColumnValue(c,"display,name");

^etails^)C Strin8 toStringO { //..prints the public fields. See the download project for
^^of-class

Sewing the Raw Contacts Cursor

With tho
and wh t • a"re9ated contact URIs, let’s first examine the naturę of the raw contact URI
Co t 9 re1urns- The signature for the raw contact URI is defined as follows:

actsContract.RawContacts.CONTENT_URI
ihefur> r
c°ntacts jp|Sh°wRawContactsCur^^ in Listin9 27-19 prints the cursor columns for a raw

L'sting 27.1 n r , .
Explonng the Raw Contacts Cursor

^aya C1
Public u *jS: RawContactF:unctionTester.java; Menu item: Raw Contacts Cursor

Cursor sho*,RawContactsCursor() {

try { C ' null;

c = this.getACursor(ContactsContract.RawContacts.CONTENTJJRI,nuli);
y This■printCursorColumnNames(c);

} finally { if (C|=null) c.close(); }

^°de in । •
L-'stinq 27'St,ng 27-19 Wl11 show that the raw contact cursor has the fields shown in

20 (this list seem to vary somewhat with each device).
L'Sting 27-Jn n

ćO- Raw Contacts Cursor Fields
a8gregati aCted' Phonetic_name; phonetic_name_style; contact_id;version; last_time_contacted;
account t°n-m°de; _id; name_verified; display_name_source; dirty; send_to_voicemail;
s°rt key aft’ custom_ringtone; sync4;sync3;sync2;syncl; deleted; account_name; display_name;

-a > starred; sort_key; display_name_alt; sourceid;
Sge,,ig the Data Returned by a Raw Contacts Cursor

S^Og 27u
contacts curso °WS thS method sh°wA1lRawContacts(), which prints all the rows in the raw
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Listing 27-21. Displaying Raw Contacts
//Java class: RawContactFunctionTester.java; Menu item: All Raw Contacts
public woid showAHRawContacts(){

Cursor c = nuli;
try {

c = this.getACursor(getRawContactsUri(), nuli);
this.printRawContacts(c);

}
finally { if (c!=null) c.close(); }

}
private void printRawContacts(Cursor c) {

for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {
RawContact rc = new RawContact();
rc.fillinFrom(c);
this.mReportTo.reportBack(tag, rc.toStringO); //log

}
}

Constraining Raw Contacts with a Corresponding Set of Aggregated 

Contacts
Using the columns of the cursor in Listing 27-20, let’s see if we can refine our query to 
retrieve the contacts for a given aggregated contact ID. The codę in Listing 27-22 wi 
look up the first aggregated contact and then issue a raw contact URI with a where clą 
specifying a value for the contact_id column.

Listing 27-22. Getting Raw Contacts for an Aggregated Contact
//]ava class: RawContactFunctionTester.java; Menu item: Raw Contacts
public void showRawContactsForFirstAggregatedContact(){

AggregatedContact ac = getFirstContact();
Cursor c = nuli;
try {

c = this.getACursor(getRawContactsUri(), getClause(ac.id));
this.printRawContacts(c);

}
finally { if (c!=null) c.close(); }

}
private String getClause(String contactld) { 

return "contact_id = " + contactld;
}

Explorinq Raw Contact Data
h„ve crea1 

Because a data row belonging to a raw contact contains a number of fields, we no e 
a Java class called ContactData.java, shown in Listing 27-23, to capture a represen 
set of the contact data, and not all fields.
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ting 27-23. Source code forContactData.java
P^Uca'JData-java

c class ContactData {
Public String rawContactld;
PUl^C String aggregatedContactld;
Public String datald;
Public String accountName;
Public String accountType;
Public String mimetype;
Public String datal;

Public void fillinFrom(Cursor c) {
rawContactld = Utils.getColumnValue(c,"_ID");
accountName = Utils.getColumnValue(c,ContactsContract.RawContacts.ACCOUNT_NAME);
accountType = Utils.getColumnValue(c,ContactsContract.RawContacts.ACCOUNT_TYPE); 
aggregatedContactId =

Utils. getColumnValue(c,ContactsContract.RawContacts.CONTACT_ID);
mimetype = Utils.getColumnYalue(c,ContactsContract.RawContactsEntity.MIMETYPE);
datai = Utils.getColumnValue(c,ContactsContract.RawContactsEntity.DATA1);
datald = Utils.getColumnValue(c,ContactsContract.RawContactsEntity.DATA_ID);

} bublic String toString() {//just a concatenation of fields for logging }

tab|s°ld Uses a view called a RawContactEntity view to retrieve data from a raw contact
in an<l the corresponding data tables as indicated in the section “contact_entities_view

s chapter. The URI to access this view is in Listing 27-24.

c ^g 27-24. Raw Entities Content URI
ntactsContract.RawContactsEntity.CONTENT_URI

Let’s c
ee how this URI can be used to discover field names returned by this URI:

Publi! ContactDataFunctionTester.java; Menu item: Contact Entity Cursor
Curs°^ sbowRawContactsEntityCursor(){
try { C ' nun;

Uri uri = ContactsContract.RawContactsEntity.CONTENTJJRI;
c = this.getACursor(uri,nuli);

। this.printCursorColumnNames(c);

} lnaUy { if (c!=null) c.close(); }

Ihe
Coium ae ln listing 27-24 prints out the list of columns shown in Listing 27-25. So the
There 08 'n L'sting 27-25 are the columns that are returned by the raw contacts entity cursor. 

be additional columns depending on vendor-specific implementations.
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Listing 27-25. Contact Entities Cursor Columns
data_version; contact_id; version; datal2;datall;datalO; mimetype; res_package;
_id; datal5;datal4;datal3; name_verified; is_restricted; is_super_primary;
data_syncl;dirty;data_sync3;data_sync2; data_sync4;account_type;datal;sync4;sync3; 
data4;sync2;data5;syncl; data2;data3;data8;data9; deleted; group_sourceid; data6;data , 
account_name; data_id; starred; sourceid; is_primary;

Once you know this set of columns, you can filter the result set of this cursor by formula^ 
a proper where clause. However, you want to use the ContactsContract Java class to u 
the definitions for these column names. For example, in Listing 27-26 we retrieve the 
elements pertaining to contact IDs 3, 4, and 5.

Listing 27-26. Displaying Data Elements fromRawContactsEntity
//3ava class: ContactDataFunctionTester.java; Menu item: Contact Data
public void showRawContactsData(){

Cursor c = nuli;
try {

Uri uri = ContactsContract.RawContactsEntity.CONTENTJJRI;
c = this.getACursor(uri,"contact_id in (3,4,5)");
this.printRawContactsData(c);

)
finally { if (c!=null) c.close(); }

}
protected void printRawContactsData(Cursor c) {

for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) { 
ContactData dataRecord = new ContactData(); 
dataRecord.fillinFrom(c);
this.mReportTo.reportBack(tag, dataRecord.toString());

}
}

Codę in Listing 27-26 will print such things as name, e-mail address, and MIME type aS 
defined in the ContactData object in Listing 27-23.

Adding a Contact with Its Details
3 To ^r'e

Lets look at a codę snippet to add a contact with name, e-mail, and phone number.
to contacts, you need the following permission in the manifest file:

android.permission.WRITE_CONTACTS

Codę in Listing 27-27 adds a raw contact followed by adding two data rows (name an 
phone number) for that contact.
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27-27. Adding a Contact
Z^a class: AddContactFunctionTester.java; Menu item: Add Contact 
u tc void addContact(){

l°ng rawcontactld = insertRawContact();
this.mReportTo.reportBack(tag, "Rawcontactld:" + rawContactld), 
insertName(rawContactld);
insertPhoneNumber(rawContactld);

j showRawContactsDataForRawContact(rawContactId);

Pr^ate long insertRawContact(){
C°ntentValues cv = new ContentValues();
cv-Put(RawContacts.ACCOUNT_TYPE, "com.google");
cv;Put(RawContacts.ACCOUNT_NAME, "--use your gmail id -- ");
Uri rawContactUri =

this.mContext.getContentResolver()
.insert(RawContacts.CONTENT_URI, cv);

t°ng rawContactld = ContentUris.parseld(rawContactUri);
} return rawContactld;

^t^ate void insertName(long rawContactld) {
c°ntentValues cv = new ContentValues();
cv-Put(Data.RAW_CONTACT_ID, rawContactld);
Cv-Put(Data.MIMETYPE, StructuredName.CONTENT_ITEM_TYPE);
Cv-Put(StructuredName.DISPLAY_NAME,"3ohn Doe_" + rawContactld);

j. this. mContext. getContentResolver(). insert (Data. CONTENT_URI, cv),

^ate void insertPhoneNumber(long rawcontactld) {
c°ntentValues cv = new ContentValues();
cv-Put(Data.RAW_CONTACT_ID, rawContactld);
Cv-Put(Data.MIMETYPE, Phone.CONTENT_ITEM_TYPE);
cv-Put(Phone.NUMBER,"123 123 " + rawContactld);
Cv:Put(Phone.TYPE,Phone.TYPE_HOME);

} this,mContext.getContentResolver().insert(Data.CONTENT_URI, cv),

*Vate void showRawContactsDataForRawContact(long rawContactld) {
Cursor c = nuli;
try {

Uri uri = ContactsContract.RawContactsEntity.CONTENT_URI;
c = this.getACursor(uri,"_id = " + rawContactld);
this.printRawContactsData(c);

} tinally { if (c!=null) c.close(); }
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Code in Listing 27-27 does the following:

1. Adds a new raw contact for a predefined account using the account’s 
name and type, represented by the method insertRawContact().
Notice how it uses the URI RawContact.CONTENTJJRI.

2. Takes the raw contact ID from step 1 and inserts a name record 
using the insertName() method in the data table. Notice how it uses 
the URI Data.CONTENTJJRI.

3. Takes the raw contact ID from step 1 and inserts a phone number 
record using the insertPhoneNumber() method in the data table. 
Being a data row, it uses Data.CONTENTJJRI as the URI.

Listing 27-27 also demonstrates the column aliases used in inserting records. Notice how 
constants like Phone.TYPE and Phone.NUMBER point to the generic data table column name 
datal and data2.

Controlling Aggregation of Contacts
Clients that update or insert contacts do not explicitly change the contacts table. The 
contacts table is updated by triggers that look into the raw contact table and raw eon a 
data table.
Raw contacts that get added or changed, in turn, affect the aggregated contacts in the 
contacts table. However, you may not want to allow two contacts to be aggregated.

You can control the aggregation behavior of a raw contact by setting the aggregation 
modę when that contract is created. As you can see from the raw contact table colum 
in Listing 27-20, the raw contact table contains a field called aggregation_mode. ^alueSteCj 
the aggregation modę are shown in Listing 27-7 and explained in the section “Aggrega 
Contacts.”
You can also keep two contacts always apart by inserting rows into a table called 
agg_exceptions. The URIs needed to insert into this table are defined in the Java c.laS^oWn 
ContactsContract.AggregationExceptions. The table structure of agg_exceptions is 
in Listing 27-28.

Listing 27-28. Aggregate Exceptions Table Definition
CREATE TABLE agg_exceptions
(_id INTEGER PRIMARY KEY AUTOINCREMENT,
type INTEGER NOT NULL,
raw_contact_idl INTEGER REFERENCES raw_contacts(_id),
raw_contact_id2 INTEGER REFERENCES raw_contacts(_id))

The type column in Listing 27-28 holds one of the integer constants in Listing 27-29- 



istin9 27-29. Aggregation Types in the Aggregation Exception Table
^0r|tactsContract.AggregationExceptions.TYPE_KEEP_TOGETHER

0rTactsContract.AggregationExceptions.TYPE_KEEP_SEPARATE
°ntactsContract.AggregationExceptions.TYPE_AUTOMATIC

^pE_KEEP TOGETHER says the two raw contacts should never be broken apart. TYPE_KEEP_ 
^ARate says that these raw contacts should never be joined. TYPE_AUTOMATIC says o use 
6 default algorithm to aggregate contacts.

URI yOU wj|| use to insert, read, and update this table is defined as

0ntactsContract.AggregationExceptions.CONTENT_URI

C°nstants for field definitions to work with this table are also available in the Java class 
^actsContract.AggregationExceptions.

^derstanding Personal Profile
personal profile, introduced in AP114, is like a contact, except there is only one personal 

r°^le contact. That is the singular you, on your device.
^Weyer, as an implementation detail, all data pertaining to the singular personal P^1®_

’s maintained in a separate database called profile.db. Our researc s
r ,s database has a structure identical to contacts2.db. This means you a rea y 

evant tables are available and what the columns of each table are.
K09 a s'n9'e contact, the aggregation is straightforward. Every raw contact; ^ed *°

Personal profile is expected to belong to the singular aggregated eon ac .
6JS*’ ^en a new aggregated contact is created and placed in the new raw co 

ls*s> that contact ID is used as the aggregated contact ID for the raw eon ac .
t$e ^ndroid SDK uses the same base class ContactsContract to define a®®®®$®^ 
Coead/uPdate/delete/add raw contacts to the personal profile. These s p of
th^^rparts but with the string "PROFILE" somewhere in them. Listing 27-30 s 
hes® URis.

tin9 27-30. Profile-Based URis Introduced in 4.0

Cont tes to profile aggregated contact 
actsContract.Profile.CONTENT_URI

^Relat
Lont les to profile based raw contact

actsContract.Profile.CONTENT_RAW_CONTACTS_URI

to Profile based raw contact + profile based data table
actsContract.RawContactsEntity.PROFILE_CONTENT_URI

27'30 shows we have separate URis when dealing with aggr^ated
IK ^tact. However, there isn’t a corresponding personal profile U or ■
the Sarrte Data URL Data.CONTENT_URI, is applicable to both regular contact da 

profile contact data.
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Also notę that the same content provider serves the needs of both the personal profile and 
regular contacts. Internally, this content provider knows based on the raw contact ID if 
data URI belongs to the profile data or the regular contact data.
Let’s look next at code snippets to read and add contact data to the personal profile. You 
will need the permissions from Listing 27-31 to read from and write to the profile data.

Listing 27-31. Permissions Reading/Writing Profile Data
cuses-permission android:name="android.permission.READ_PROFILE"/> 
cuses-permission android:name="android.permission.WRITE_PROFILE"/>

Reading Profile Raw Contacts
Let’s use the following URI to read the raw contacts that belong to the personal profile-

ContactsContract.Profile.CONTENT_RAW_CONTACTS_URI

Listing 27-32 shows how to read profile raw contact entries.

Listing 27-32. Showing All Profile Raw Contacts
//Java class: ProfileRawContactFunctionTester.java; Menu item: PRaw Contacts
//In the download this method is named showAHRawContacts
//It is expanded here for clarity.
public void showAHRawProfileContacts() {

Cursor c = nuli;
try {

String whereClause = nuli;
c = this.getACursor(ContactsContract.Profile.CONTENT_RAW_CONTACTS_URI, 

whereClause);
this.printRawContacts(c);

}
finally { if (c!=null) c.close(); }

}
//In the download this method is named printRawContacts
//It is expanded here for clarity.
private void printRawProfileContacts(Cursor c) {

for(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {
RawContact rc = new RawContact();
rc.fillinFrom(c);
this.mReportTo.reportBack(tag, rc.toString());

}
)

+ rt that 
Notice that once we retrieve the cursor, the data it contains matches the RawContac 
defined earlier for a regular raw contact.
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fading Profile Contact Data
Let’s use the following URI to read the various data elements (such as e-mail, MIME type, 

so op) of raw contacts that belong to the personal profile.

actsContract.RawContactsEntity.PROFILE_CONTENT_URI

^otice how we are using a similar view as in the case of regular contacts. The 
a join between raw contacts and the data rows belonging to that raw eon ac .

f°r each data element such as name, e-mail, MIME type, and so on.
Listing 27-33 shows the code snippet to read profile raw contact entries.

sting 27-33, Showing Data Elements for Profile Contacts
pULpa class: ProfileContactDataFunctionTester.java; Menu item. all p raw contact

lc voi<j showProfileRawContactsData() {
^ursor c = nuli;
try {

Uri uri = ContactsContract.RawContactsEntity.PROFILE_CONTENT_URI;
String whereClause = nuli;
c = this.getACursor(uri,whereClause);

j this.printProfileRawContactsData(c);

} ^inally { if (c!=null) c.close(); }

^ted void printProfileRawContactsData (Cursor c) {
Or(c.moveToFirst();!c.isAfterLast();c.moveToNext()) {

ContactData dataRecord = new ContactData();
dataRecord.fillinFrom(c);
this.mReportTo.reportBack(tag, dataRecord.toStringO),

(LktCe tha* once we retrieve the cursor, the data it contains matches the ContactData j 
ln9 27-23) that we defined earlier for a regular raw contact data e emen .

^ding Data to the Personal Profile
s Use the following URI to add a raw contact to a personal profile.

ntactsContract.RawContactsEntity.PROFILE_CONTENT_URI

Con^'" also add a few data elements such as a phone number and a nickname to that raw 
So theY aPPear in the details of your personal profile on the device. is mg 

s the code snippet.
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Listing 27-34. Adding a Profile Raw Contact
//Java class: AddProfileContactFunctionTester.java; Menu item: all p raw contacts 
//In the source code you won't see the word "profile" in the following method names 
//It is added here to add clarity as the whole class is not included
public void addProfileContact() {

long rawContactld = insertProfileRawContact();
this.mReportTo.reportBack(tag, "Rawcontactld:" + rawContactld);
insertProfileNickName(rawContactld);
insertProfilePhoneNumber(rawContactld);
showProfileRawContactsDataForRawContact(rawContactld);

}
private void insertProfileNickName(long rawContactld) {

ContentValues cv = new ContentValues();
cv.put(Data.RAW_CONTACT_ID, rawContactld);
//cv.put(Data.IS_USER_PROFILE, "1");
cv.put(Data.MIMETYPE, CommonDataKinds.Nickname.CONTENT_ITEM_TYPE);
cv.put(CommonDataKinds.Nickname.NAME,"PJohn Nickname_" + rawContactld);
this.mContext.getContentResolver().insert(Data.CONTENTJJRI, cv);

}
private void insertProfilePhoneNumber(long rawcontactld) {

ContentValues cv = new ContentValues();
cv.put(Data.RAW_CONTACT_ID, rawContactld);
cv.put(Data.MIMETYPE, Phone.CONTENT_ITEM_TYPE);
cv.put(Phone.NUMBER,"P123 123 " + rawContactld);
cv.put(Phone.TYPE,Phone.TYPE_HOME);
this.mContext.getContentResolver().insert(Data.CONTENTJJRI, cv);

}
private long insertProfileRawContact() {

ContentYalues cv = new ContentValues();
cv.put(RawContacts.ACCOUNT_TYPE, "com.google");
cv.put(RawContacts.ACCOUNT_NAME, "--use your gmail id --"); 
Uri rawContactUri =

this.mContext.getContentResolver()
.insert(ContactsContract.Profile.CONTENT_RAW_CONTACTS_URI, cv);

long rawContactld = ContentUris.parseld(rawContactUri);
return rawContactld;

)
private void showProfileRawContactsDataForRawContact(long rawContactld) {

Cursor c = nuli;
try {

Uri uri = ContactsContract.RawContactsEntity.PROFILE_CONTENTJJRI;
c = this.getACursor(uri,"_id = " + rawContactld);
this.printRawContactsData(c);

}
finally { if (c!=null) c.close(); }

}
. its details

The code in Listing 27-34 parallels the code we used to add a regular contact ano n 
(Listing 27-27). Although we have used a profile-specific URI to add a raw contact, w 
used the same Data.CONTENTJJRI to add the individual data elements.
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the following commented-out code in Listing 27-34:

//cv-Put(Data.IS_USER_PROFILE, "1");

$ecause Data.CONTENT URI is not specific to the profile, how does the underlying content 
^vider know whether to insert this data into a regular raw contact• a Pers^
c c°ntact? We thought that specifying a column called IS_USER_PRO w P 
ynn erit Pr°vider. Apparently not. This new column is available pnman y or P
c inserts will fail if you specify this during inserts. The only conc usion e i 
prn^ent Provider is relying on the raw contact ID to see whether tha raw

0 ile.db or contacts2.db.

R°le of Sync Adapters
We have main|ytalked about manipulating the contacts on the F

S°^ts and their contacts on Android work hand in hand with sen/er-based coit ac^ 
w mPle, if you have created a Google account on your Android p one, svncjnq 
ĄnHPu11 y°ur Gmail contacts and make them available on the device- . k as łona 
as r°'d provides a synchronization framework which does most o e 9 
ne?°u Writs a oonforming Sync adapter. Android’s synchronization ram 

availability, optional authentication, and scheduling.
AbP?menting a sync adapter involves implementing a sen/ice by extending the 
intY^^hreadedSyncAdapter and doing the work in the method onPerforjSyn (). Work 
Con?6^ 'n ^'S method is t0 load data from servers and update the eon (XML)
nepria°ts API that is discussed in this chapter. Then, a sync-adapter rasou account 
that S t0 de created on the device that will describe how this service is 

needsto be synched.
^side of this basie understanding, due to space limitations we have "ot 9
Sa ln th>s edition of the book. Android SDK documentation has some docum 
^Ples.

de|pthronization of oontacts has impacts on deleting contacts on the dev'ce’ 
cOnt e a Cor|tact using the aggregated contact URI, it will delete all i s cor P

and data elements of each of those raw contacts. ^076^  ̂d «d^ 
th6 them as deleted on the device and expects the background sync to actually eyye 
dei<^erver and then delete the contacts permanently from the device. is case 
rą^es also happens at the raw contact level where the corresponding data elements 

c°ntact are deleted.

|łs*ng Batch Operations to Optimize ContentProvider 
Jpdates

e Covering content providers in Chapter 26 we indicated that we would cover the ba 
atl°ns in this chapter.
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Reconsider how a raw contact and its associated data elements are created earlier in the
chapter. Notice the multiple commands we need to send to the contacts provider to inse
a raw contact. First we have to insert raw contact. Then use that ID to insert multiple data
elements belonging to that raw contact. Each of these inserts is a separate command sen
to the content provider independently.
There are two issues when we send these multiple commands sequentially. The first issue is 
that the content provider is not aware that they belong to a single commit unit. The secon 
issue is that it will take longer to update the content provider database as each transactio 
is committed by itself.
These two issues are addressed by the batch update API available for any content provider 
including the contact proyider.

Idea of Batching Content Provider Updates
In the batching approach, each content proyider update operation is encapsulated in an 
object called “ContentProviderOperation” along with the URI and all the necessary 
pairs to perform that operation. Then you gather these operations into a list object. You 
tell the content resolver to send the entire batch or list of commands to the content provi 
at the same time. Because the content proyider knows these commands are in a batch,1 
applies the transactions appropńately either at the end or so often based on hints.
lf an operation indicates that a transaction can be applied at the end of that operation, th®n 
the operations completed thus far will be committed. This allows you to sub-batch long 
updates of many rows in to smaller set of sub-rows. You can also indicate in an operation s 
that one of the columns to be updated needs to use the key returned by an indexed pr® 
operation. We will present now some sample codę showing how these ideas work.

Listing 27-35 shows an example of creating a list object to hołd a list of operations.

Listing 27-35. A Container for Content Provider Operations
ArrayList<ContentProviderOperation> ops = new ArrayList<ContentProviderOperation>()j

Let us see now how to construct the indiyidual operations to be added to that list in 
Listing 27-36.

Listing 27-36. Batching ContentProviderOperations
ContentProviderOperation.Builder op = ContentProviderOperation.newInsert(a content URI)* 
op.withValue(key, value);
//...more of these
ContentProviderOperation opl = op.build();
ops.add(opl);

The key class is ContentProviderOperation and its corresponding Builder object. In the 
example here we are using the insert operation. For the rest of the methods see the class 
reference. Once we have a builder along with its associated content URI, we tell the bun 
to add set of key/value pairs that go along with that content URI. Once finished adding a
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key/value pairs we produce the ContentProviderOperation from the builder and add it to 
^e list. We then ask the content resolver to apply the batch of operations using the codę in 
Listing 27-37.

Listing 27-37. Using a Content Resolved to Apply the Batch of Operations
activity.getContentResolver().applyBatch(contentProviderAuthority, ops);

1,1 Listing 27-37 the argument contentProviderAuthority is the authority string pointing the 
content provider and the argument ops is the list of operations that should be applied as a 
°atch to that content provider. This is an example of adding a series of update operations 
as a single transaction. Let us see now how to provide commit hints to so that commit 
°Perations can be done on smaller subsets from the given batch.

Batching Commits by Yielding
problem with committing a large batch of commands as a single transaction is that this 

work can błock other operations on the database. To help with this and also to help with too 
^uch work to be committed in a single transaction you can instruct an operation to yield. 
When the content provider recognizes the yield parameter on an operation it commits the 
work done and pauses to yield for other processes to run.
Notice how in the codę in Listing 27-38 one of the operations is set to allow yield.

Listing 27-38. Using Yield in a ContentProviderOperation 
c°etentProviderOperation.Builder operationBuilder =

ContentProviderOperation.newInsert(a content URI);
operationBuilder.withValue(key, value);

••.more of these key/value pairs when you have them 
°ntentProviderOperation opl = operationBuilder.build();

•■• Add More operations

^ark the next operation as yield allowed
PerationBuilder = ContentProviderOperation.newInsert(a content URI);
PerationBuilder.withValue(key, value);

^PerationBuilder.withYieldAllowed(true); //it is ok to commit
°ntentProviderOperation operationWithYield = operationBuilder.build(); 
Ps •add(operationWithYield);

W-.. Add More operations and yield points as needed

^Lnally apply the list of operations
lvity.getContentResolver().apply(contentProviderAuthority, ops);
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Using Back References
For one of the operations above you can use a back reference as shown in Listing 27-39-

Listing 27-39. Using a Back Reference in a ContentProviderOperation
//Take the key coming out of opl and add it as the value 
int indexOfTheOperationWhoseKeyYouNeed = 0;
op.withValueBackReference(mykey, indexOfTheOperationWhoseKeyYouNeed);

Code in Listing 27-39 is asking the content provider to run the operation indicated by 
index indexOfTheOperationWhoseKeyYouNeed and take its generated primary key and use 
as a value for the column that is set on the target operation. This is how you take the i 
from raw contact and use its primary key as the key value for the data items belonging 
that raw contact.

Optimistic Locking
In optimistic locking, you first apply the transactions without locking the underlying 
repository and see if any updates have been madę sińce you know its value before. It 
cancel the transaction and retry it.
To make this in the batch modę, the API offers a type of operation called an assert nu®^^e 
this type of operation the content provider makes the query and compares the values 
retrieved cursor for either the count or the values of certain keys. If they don’t match, । j 
back the transaction and raises an exception breaking the code flow. See this demon 
in the code shown in Listing 27-40.

Listing 27-40. Using Optimistic Locking through newAssertOuery

try {
//Read a raw contact for a particular raw contact id
ContentProviderOperation.Builder assertOpBuilder =

ContentProviderOperation.newAssertOuery(rawContactUri);
//Make surę there is only one raw contact with that details 
assertOpBuilder.withExpectedCount(l);
//Make surę the version column matches with you started with
//If not throw an exception. We chose to compare the version number 
//column (field) in the raw contacts table to assert.
assertOpBuilder.withValue(SyncColumns.VERSION, mVersion);
//get this operation and add it to the operations list at the end
//Apply the batch ...
activitylnstance.getContentResolver().applyBatch(...);

}
//for this or other exceptions
catch (OperationApplicationException e) {

//The batch is already cancelled
//Tell the user the update failed
//Show the user the new details and repeat the process
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Reusing the Contact Provider Ul
Contact provider capability in Android also defines a set of intents that can be used to reuse 

e Cl available in the contacts application.
^ere are three kinds of intents. There is a set of intents that the contact provider fires 

®sed on the events taking place in the content provider Ul application. For example, the 
ntent INVITE_CONTACT is fired when the user clicks the “invite to the network” button on 
contact in the contact application. An application can register for this event and read the 
°ntact details.
^ere is another set of intents that are used when the contact provider acts as a search 
cr°vider for your custom activities. Using this facility you can search for a contact in your 

st°m application through search suggestions.

is another set of intents that external applications can fire to reuse the Ul that is 
°vided by the contact application. You can use these intents to pick from a list of contacts, 
from a list of phone numbers, or from a list of addresses, or from a list of e-mails. You 

AhHalso use these intents to update a contact or create a contact using the Ul provided the 
roid application.

^ese intents are documented in the class reference for ContactsContract.Intents.

Using Group Features
°ntacts API provides the contracts shown in Listing 27-41 to work with the Group Features 
Contacts

tin9 27-41. Group Contact Contracts
^on+a
C0nttsContract.^^

actsContract.CommonDataKinds.GroupMembership

gr $ ^oups table holds things like name of the group, notes about that group, and some 
d up leve| counts of the membership. The groups a raw contact belongs to are kept in the 

a tables.

Using Photo Features
in hC?n exPlore the photo-related information for a contact using the class contract shown 

Llst|ng 27-42.

^ng?7 „
'‘K. Contact Photo Contracts

^ntaCfSC°ntract•Contacts.Photo
c sContract.RawContacts.DisplayPhoto

1^
the<tC'ass documentation for these contracts has sample code that describes how to use 

Se features.
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References
Here are additional resources for the topics covered in this chapter:

■ 
: The primary documentation for all aspects of the 

Contacts API from Google. This URL also includes a section on 
performing batch operations on the contacts database, optimistic 
locking, and reusing the contacts application Ul.

https://developer.android.com/guide/topics/providers/contacts- 
provider.html

■  ContactsContract. html: Java doc for the key Java class ContactsContract. You will need this URL often as you codę to the Contacts API.
http://developer.android.com/reference/android/provider/

■  Quick_Start_Guide_Android_5_0_Lolli?id=dnzVBAAA0BAT Android 5.0 
Quick Start guide. These Android user guides that are prepared for each 
release are useful in understanding how the stock contacts application 
work from a Ul perspective.

https://play.google.com/store/books/details/Google_Android_

■ : Sync Adapters are documented here.https://developer.android.com/guide/topics/providers/contacts- provider.html#SyncAdapters
■ :http://developer.android.eom/sdk/android-4.O.html#Contacts

Documentation for the changes to the Contacts API in 4.0.

■  ContactsContract.Profile.html: A reference on how to use the new 
Profile URis introduced in 4.0.

http://developer.android.com/reference/android/provider/

■ : Entry point for our research 
on the Contacts APL You will find here our research, a summary of the 
Contacts API, tables used in the contacts database, how to explore the 
contacts databases, contacts application screenshots, how to explore 
sources for contact providers, and other useful links.

http://www.androidbook.com/item/39i7

■ : SDK 
does on Search APL Useful to review this to know how to search for 
contacts.

http://developer.android.com/guide/topics/search/index.html

■ : You can use this 
URL to download the test project dedicated for this chapter. The name 
of the ZIP file is ProAndroid5_ch27_TestContacts.zip.
http://www.androidbook.com/proandroid5/projects

Summary
In this chapter, we have covered the following: the naturę of the Contacts API, exploria9 
contacts database, exploring the Contacts API URis and their cursors, reading and ad 1 
contacts, aggregating raw contacts, the relationship between the personal profile and 
contacts, and reading and adding contacts to a personal profile. We have also briefly c 
batching provider operations, using the contact provider as a search provider for conta

https://developer.android.com/guide/topics/providers/contacts-provider.html
http://developer.android.com/reference/android/provider/
https://play.google.com/store/books/details/Google_Android_
https://developer.android.com/guide/topics/providers/contacts-provider.html%2523SyncAdapters
http://developer.android.eom/sdk/android-4.O.html%2523Contacts
http://developer.android.com/reference/android/provider/
http://www.androidbook.com/item/39i7
http://developer.android.com/guide/topics/search/index.html
http://www.androidbook.com/proandroid5/projects


Exploring Security and
Permissions

6xploration of modern deyelopment platforms or operating systems is complete without 
dScussing security. In Android, security spans all phases of the application life cycle-from 

policy considerations to runtime boundary checks. In this chapter you’II learn 
droid’s security architecture and understand how to design secure applications.

s get started with the Android security model.

Understanding the Android Security Model
s r>ght in, to cover security during the deployment and execution of any Android 

ln pl|cation. To deploy an Android application, it must be signed with a digital certificate 
sp0!^ f°r y°u to ’nsta" onto a rievice. With respect to execution, Android runs each 

P^cation within a separate process, where each process has a unique and permanent 
er (assigned at install time). This places a boundary around the process and prevents 

Cjee Application from having direct access to another’s data. Moreover, Android defines a 
c arative permission model that protects sensitive features (such as the contact list).

Ie^he next several sections, we are going to discuss these topics. But before we get started, 
s Proyide an overview of some of the security concepts that we’ll refer to later.

Uverview of Security Concepts
of reclu'res that applications be signed with a digital certificate. One of the benefits 
Hot IS recluirement is that an application cannot be updated with a yersion that was 
apublished by the original author or holder of the signing certificate. If we publish an 
of p lcation, for example, then you cannot update our application with your yersion (unless, 
aDC?Urse' you somehow obtain our certificate). That said, what does it mean for an

p lcation to be signed? And what is the process of signing an application?

653
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You sign an application with a digital certificate. A digital certificate is an artifact that eon a 
information about you, such as your company name, address, and so on. A few importan 
attributes of a digital certificate include its signature and public/private key. A public/pnva 
key is also called a key pair. Notę that although you use digital certificates here to sign -aP 
files, you can also use them for other purposes (such as enerypted communication, sigm 9 
documents, and so forth). You can obtain a digital certificate from a trusted certificate 
authority (CA) and you can also generate one yourself using tools such as the keytool, W 
we’ll discuss shortly. Digital certificates are stored in keystores. A keystore contains a lis 
digital certificates, each of which has an alias that you can use to refer to it in the keystore- 

Signing an Android application requires three things: a digital certificate, the .apk file f°r 
the application you wish to sign, and a utility that knows how to apply a digital signature 
the .apk file. We use a free utility that is part of the Java Development Kit (JDK) distribu i 
called the jarsigner. This utility is a command-line tool that knows how to sign a . Jar 
file using a digital certificate, and an .apk file is really just a zip-formatted file that collec 
together .jar files and a few other resources for your project. Other signing tools are 
available, so you are free to choose the tool that works best for you.
Now, let’s move on and talk about how you can sign an . apk file with a digital certificate-

Signing Applications for Deployment
To install an Android application onto a device, you first need to sign the Android packag®^ 
(.apk file) using a digital certificate. The certificate, however, can be self-signed—you “ 
need to purchase a certificate from a certificate authority such as VeriSign. Be aware t 
self-signed certificates are generally considered less trustworthy, and in some environ 
are considered insecure.
Signing your application for deployment involves three steps. The first step is to generat 
a certificate using keytool (or a similar tool). The second step involves using the jarsig 
tool to sign the .apk file with the generated certificate. The third step aligns portions o 
your application on memory boundaries for more efficient memory usage when running 
on a device. Notę that during development, both the ADT plug-in for Eclipse and Andro 
Developer Studio take care of everything for you: signing your .apk file and doing the 
memory alignment, before deploying onto the emulator or a device.

Generating a Self-Signed Certificate Using the Keytool
The keytool utility manages a database of private keys and their corresponding X.5O9 
certificates (a standard for digital certificates). This utility ships with the JDK and reside 
under the JDK bin directory. lf you followed the instructions in Chapter 2 regarding cha 
your PATH, the JDK bin directory should already be in your PATH. In this section, we’H s 
you how to generate a keystore with a single entry, which you’II later use to sign an An 
.apk file. To generate a keystore entry, do the following:

1. Create a folder to hołd the keystore, such as c: \android\release\. 
or /opt/android/release (depending on your operating system).

2. Open a Shell or command window, and execute the keytool utility 
with the parameters shown in Listing 28-1.
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^'ng 28-1. Generating a Keystore Entry Using thekeytool Utility

-ar°°^ 'genkey -v -keystore "c:\android\release\release.keystore"
*as androidbook -keyalg RSA

Validity 14000

of *he arguments passed to the keytool are summarized in Table 28-1.

^^8-1. ArgumentsPassed to thekeytool Utility

Descri ption
S®nkey TellS keytool to generate a public/private key pair. 
v

Tells keytool to emit verbose output during key generation.
ey$tore path to the keystore database (in this case, a file). The file will be created if necessary.

Unique name for the keystore entry. This alias is used later to refer to the keystore entry.
^yal8 Algorithm.

J^j^ity Validity period.

ent °°^ PromPt y°u f°r tw0 passwords during the creation of the keystore and the 
9c ty you are creating. The first password prompted is for the keystore itself and Controls 
p Cess to all the key materiał you will storę. This can also be specified using the storepass 
youarneter' The sec°nd password is the password for the private key and related certificate 
ip . are creatin9’ also available via the keypass parameter. You should get used to not

Uding these as parameters on the command linę, and instead prefer to allow keytool to 
^Pt you as good generał security practice.

ąc aware, that if you do use the parameters for password to keytool, anyone who gets 
c ®Ss your shell or command-line history can see the passwords, as can anyone who 
list ISt runr|in9 processes on your machinę while keytool runs. The command in 
^i|| ^9 28-1 will generate a keystore database file in your keystore folder. The database 
ap e a file named release. keystore. The validity of the entry will be 14,000 days (or 
fOr ^'Tately 38 years)—which is a long time from now. You should understand the reason 
epa S- ^he Android documentation recommends that you specify a validity period long 
the to surPass the entire lifespan of the application, which will include many updates to 
the apP''cation. It recommends that the validity be at least 25 years. If you plan to publish 
Qc,aPPlication on Google Play, your certificate will need to be valid through at least 
be °^er 22, 2033. Google Play checks each application when uploaded to make surę it will

Valid at least until then.

Caution Because your certificate in any application update must match the certificate you used 
tlle first time, make surę you safeguard your key materiał. Keep either your keystore file, or the key 
Pair if you choose to export them, safe! If you lose access to the keystore or underlying keys, and 
you can’t re-create it, you won’t be able to update your application, and you’II have to issue a whole 
new application instead.
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Going back to the keytool, the argument alias is a unique name given to the entry in the 
keystore database; you will use this name later to refer to the entry. When you run the 
keytool command in Listing 28-1, keytool will ask you a few guestions (see Figure 28- ) 
and then generate the keystore database and entry.

Figure 28-1. Additional guestions asked by keytool

Once you have a keystore file for your production certificates, you can reuse this file to 
morę certificates. Just use keytool again, and specify your existing keystore file.

The Debug Keystore and the Development Certificate
We mentioned that the ADT plug-in for Eclipse, and Android Developer Studio, both take 
care of setting up a development keystore for you. However, the default certificate use 
for signing during development cannot be used for production deployment onto a rea 
device. This is partly because the automatically generated development certificate is 
only valid for 365 days, which clearly does not get you past October 22, 2033. So whayour 
happens on the three hundred sixty-sixth day of development? You’ll get a build error. 
existing applications should still run, but to build a new version of an application, y°u 
to generate a new certificate. The easiest way to do this is to delete the existing 
keystore file, and as soon as it is needed again, the ADT (for instance) will generate a 
file and certificate valid for another 365 days.
To find your debug.keystore file, assuming you are using Eclipse with ADT, open the 
Preferences screen of Eclipse and go to Android > Build. The debug certificate’s loca g 
will be displayed in the Default Debug Keystore field, as shown in Figure 28-2 (see C 
if you have trouble finding the Preferences menu).
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fences
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4 Android

Build
DDMS
Editors 
launch
Lint Error Checking

!> LogCat 
u«ge Stats 

> Ant
Help

* In«all/Update
> Java

P,ug-in Development
* ton/Debug
- Team
» XML

Build

. , ja 1135}

o - • ’

Build Settings:
[3 Automatically refresh Resources and Assets folder on build
® Force error when external jars contain native libraries

Skip packaging and dexing until export or launch. (Speeds up automatic builds on file save)
Build output 
o Silent

Normal
O Verbose

Default debug keystore: C:\Users\fuzz\.android\debug.keystore

MD5 fingerprint: AD:95:58:EE:DA43:54:21:70:02:A5:67:46:7D:AF;4A

SHA1 fingerprint 19;C2:B9:80:C7:lE:04:92:06:DD:C6:74:9E:5A:D0:87:BF:85:7F:D2

Custom debug keystore: i '

MD5 fingerprint

SHA1 fingerprint
J Restore gefaults j f Apply

i OK J ! Cancel I

28-2. The debug certificate’s location

c°urse, now that you’ve got a new development certificate, you cannot update 
°Ur existing applications in Android Virtual Devices (AVDs) or on devices using a new 
evelopment certificate. Eclipse will provide messages in the Console telling you to uninstall 
e ©xisting application first using adb, which you can certainly do. lf you have a lot of 

appl'cat'ons installed onto an AVD, you may feel it is easier to simply re-create the
D, so it does not contain any of your applications and you can start fresh. To avoid this 

Noblem a year from now, you could generate your own debug. keystore file with whatever 
^lidity period you desire. Obviously, it needs to have the same file name and be in the 
arMe directory as the file that ADT would create. The certificate alias is androiddebugkey, 

the storepass and keypass are both "android". ADT sets the first and last name on 
e certificate as "Android Debug", the organizational unit as "Android", and the two-letter 

°cntry codę as "US". You can leave the organization, city, and state values as "Unknown". 

to^°U accl|Jireci a map-api key from Google using the old debug certificate, you will need 
_ 9et a new map-api key to match the new debug certificate. We covered map-api keys in 
^bapterig.

that you have a digital certificate that you can use to sign your production . apk file, you 
ep to use the jarsigner tool to do the signing. Here’s how to do that.

^•ng the Jarsigner Tool to Sign the .apk File

q e keytool utility described in the previous section created a digital certificate, which is one 
^he parameters for the jarsigner tool. The other parameter for jarsigner is the actual

lj Pr°id package to be signed. To generate an Android package, you need to use the Export 
ai9ned Application Package utility in the ADT plug-in for Eclipse (or equivalent function 
^Ddroid Developer Studio). You access the utility by right-clicking an Android project
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in Eclipse, selecting Android Tools, and selecting Export Unsigned Application Package.
Running the Export Unsigned Application Package utility will generate an .apk file that w
not be signed with the debug certificate.
To see how this works, run the Export Unsigned Application Package utility on one of y0^ 
Android projects, and storę the generated .apk file somewhere. For this example, we II u 
the keystore folder we created earlier and generate an .apk file called c:\android\releas 
myappraw.apk.
With the .apk file and the keystore entry, run the jarsigner tool to sign the .apk file (see 
Listing 28-2). Use the fuli path names to your keystore file and .apk file as appropriate w 
you run this.

Listing 28-2. Using jarsigner to Sign the. apk File

jarsigner -keystore "PATH TO YOUR release.keystore FILE" -storepass paxxword -keypasS 
paxxword "PATH TO YOUR RAW APK FILE" androidbook

To sign the .apk file, you pass the location of the keystore, the keystore password, the 
private-key password, the path to the .apk file, and the alias for the keystore entry. Th 
jarsigner will then sign the .apk file with the digital certificate from the keystore entry. 
the jarsigner tool, you will need to either open a tools window (as explained in Chapter^ 
or open a command or Terminal window and either navigate to the JDK bin directory 
ensure that your JDK bin directory is on the system path. For security reasons, it is sa 
to leave off the password arguments to the command and simply let jarsigner promp 
as necessary for passwords. Figure 28-3 shows what the jarsigner tool invocation 10 3 
like. You may have noticed that jarsigner prompted for only one password in Figure 
larsigner figures out not to ask for the keypass password when the storepass and key 
are the same. Strictly speaking, the jarsigner command in Listing 28-2 only needs - i 
if it has a different password than -storepass.

i < C:\WINDOWS\system32\cmd.exe

: Sandro idSre le as e >,

8/15/2010 02:01 PM 2,723 release-keystore
7/18/2011 10:21 PM 8,589 weightgrauityraw.apk

2 File<s> 11,312 bytes
2 Dir<s> 44,288,479,232 bytes free

:SandroidSrelease>jarsigner -keystore "release-keystore" weightgrauityraw.^P 
ndroidbook
nter Passphrase for keystore:

Figure 28-3. Using jarsigner

As we pointed out earlier, Android requires that an application be signed with a digital 
signature to prevent a malicious programmer from updating your application with 
version. For this to work, Android requires that updates to an application be signed 
the same signature as the original. If you sign the application with a different signa 
Android treats them as two different applications. So we remind you again, be careio y0Ur 
your keystore file so ifs available to you later when you need to provide an update 
application.
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^'9ning Your Application with zipalign

If y Want your application to be as memory efficient as possible when running on a device. 
at Urapplicati°n contains uncompressed data (perhaps certain image types or data files) 
Work0*"716’ Android can maP this data straight into memory using the mmap() cali. For this to 
dev ’ tllough, the data must be aligned on a 4-byte memory boundary. The CPUs in Android 
in 'Ces are 32-bit processors, and 32 bits equals 4 bytes. The mmap() cali makes the data 
Can°tUr fi,e look like memory, but if the data is not aligned on a 4-byte boundary, it 
the and extra C0Pying of data must occur at runtime. The zipalign tool, found in 
and ndroid SDK build or build-tools/<version> directory, looks through your application 
a 4-hn°Ves s|ightly any uncompressed data not already on a 4-byte memory boundary to 
but n^e memory boundary. You may see the file size of your application increase slightly 
Wj ot significantly. To perform an alignment on your .apk file, use this command in a tools

°w (see also Figurę 28-4):

Pa-i-ign -v 4 infile.apk outfile.apk

^£WlNDQWS\system32\cmd .exe JnjJSl

C:

>3ipalign -u 4 weightgrauityraw.apk weightgrauity.apk 
of weightgrauitji.apk <4>—->o5 MrJS JNF/MANIFEST.MF <0K - compressed>

pan HETń-INF/ANDROIDB.SF <0K - conpressed>
802 META-INF/fiNDROIBB.RSft <0K - conpressed)

i-es/drawable/icon.png <OK>
coo, -xml <0K — compressed>
59<>o AndreidManifest.xrnl <0K - compressed)

WSO11«'S-««C <0K>
ęlasses.dex COK - conpressed)

“ication succesful
^naroidSrelease^

^9ure 28~4 u ■
4- Using zipalign

Parłoś ziPalign does not modify the input file, so this is why we chose to use “raw” as 
Parne f °Ur file name when exporting from Eclipse. Now, our output file has an appropriate 
the °r dePioyment. If you need to overwrite an existing outfile.apk file, you can use 
create °ption- Also notę that zipalign performs a verification of the alignment when you 
follow; y°ur al'gned file. To verify that an existing file is properly aligned, use zipalign in the

W|hg way:
^P^lipn

6 ~c -v 4 filename.apk
If is verv .
back lrpporfant that you align after signing; otherwise, signing could cause things to go
biorp °f alignment. This does not mean your application would crash, but it could use

Memory than it needs to.
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Using the Export Wizard
In Eclipse, you may have noticed a menu choice under Android Tools called Export Signecl 
Application Package. This launches what is called the export wizard, and it does all of 
the previous steps for you, prompting only for the path to your keystore file, key alias, 
passwords, and the name of your output .apk file. It will even create a new keystore or 
key if you need one. You may find it easier to use the wizard, or you may prefer to scr,P w 
steps yourself to operate on an exported unsigned application package. Now that you 
how each works, you can decide which is better for you.

Manuaily Installing Apps
Once you have signed and aligned an .apk file, you can install it onto the virtual device 
manuaily using the adb tool. As an exercise, start the virtual device from the AVD Man 
which will start without copying over any of your development projects from Eclipse- 
open a tools window and run the adb tool with the install command:

adb install "PATH TO APK FILE GOES HERE"

This may fail for a couple of reasons, but the most likely are that the debug version of 
your application was already installed on the emulator, giving you a certificate error, or 
the release version of your application was already installed on the emulator, giving y 
an "INSTALL_FAILED_ALREADY_EXISTS" error. In the first case, you can uninstall the de 
application with this command:

adb uninstall packagename

Notę that the argument to uninstall is the application's package name and not the .ap^ 
file name. The package name is defined in the AndroidManifest.xml file of the insta 
application.
For the second case, you can use this command, where -r says to reinstall the app|ica 
while keeping its data on the device (or emulator):

adb install -r "PATH TO APK FILE GOES HERE"

Now, let’s see how signing affects the process of updating an application.

Installing Updates to an Application and Signing ,c
ornmer,ab

Earlier, we mentioned that a certificate has an expiration datę and that Google rec 
you set expiration dates far into the futurę, to account for a lot of application upda jon? 
said, what happens if the certificate does expire? Would Android still run the apPllC 
Fortunately, yes—Android tests the certificate’s expiration only at install time. Once y 
application is installed, it will continue to run even if the certificate expires.
But what about updates? Unfortunately, you will not be able to update the app|icati^ne life 
the certificate expires. In other words, as Google suggests, you need to make surę ^es 
the certificate is long enough to support the entire life of the application. If a certl 1
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exPire, Android will not install an update to the application. The only choice left will be for
to create another application—an application with a different package name—and sign it
a new certificate. So as you can see, it is critical for you to consider the expiration datę

the certificate when you generate it.
^ow that you understand security with respect to deployment and installation, let s move on 
0 hjntime security in Android.

Performing Runtime Security Checks
^Untime security in Android happens at the process and operation levels. At the process

Android prevents one application from directly accessing another application s da a. 
oes this by running each application within a different process and under a umque an 

Per|nanent user ID. At the operational level, Android defines a list of protected features 
resources. For your application to access this information, you have to add one or 

p°re Permission requests to your AndroidManifest.xml file. You can also define custom 
Missions with your application.

an?6 Sections that follow’ we wil1 talk about process-boundary security and how to declare 
e Use Predefined permissions. We will also discuss creating custom permissions an 

orcing them within your application. Let’s start by dissecting Android security a e 
^r°cess boundary.

^derstanding Security at the Process Boundary
bP!ike your desktop environment, where most of the applications run under the same 
ane?D' eacb Android application generally runs under its own unique ID. By running eac 
PPlication under a different ID, Android creates an isolation boundary around each process.

Is Prevents one application from directly accessing another application s data.

each process has a boundary around it, data sharing between applications 
v'°usly possible but has to be explicit. In other words, to get data from another 

y0 ICation, you have to go through the components of that application. For examp e, 
an^tkan query a content provider of another application, you can invoke an activity in 
of a aer aPPlication, or—as you’11 see in Chapter 15—you can communicate with a service 
bet nother application. All of these facilities provide methods for you to share information 
accWeen aPP'lcations, but they do so in an explicit manner because you don t directly 

Ss the underlying database, files, and so on.
s security at the process boundary is elear and simple. Things get interesting when 

s a^ talking about protecting resources (such as contact data), features (such as the 
Per?6 S carnera)> and our own components. To provide this protection, Android defines a 

lssion scheme. Lets dissect that now.
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Declaring and Using Permissions
Android defines a permission scheme meant to protect resources and features on the 
device. For example, applications, by default, cannot access the contacts list, make 
phone calls, and so on. To protect the user from malicious applications, Android reguires^ 
applications to request permissions if they need to use a protected feature or resource. 
the introduction of Android Kit Kat, and continuing in Android Lollipop, permissions whe* 
presented to the end user are now clustered into groups to address their constantly gr0 
number and complexity. This grouping brings with it some compromises as you will obs

apK 
As we will cover shortly, permission requests go in the manifest file. At install time, the 
installer either grants or denies the requested permissions based on the signature of the 
.apk file and/or feedback from the user. If permission is not granted, any attempt to exe 
or access the associated feature will result in a permission failure.
Table 28-2 shows some commonly used features and the permissions they require. Altho^S 
you are not yet familiar with all the features listed, you will learn about them later (either 
this chapter or in subsequent chapters).

Table 28-2. Features and Resources and the Permissions They Require

Feature/Resource Required Permission Description _ _ _ _ _ _ --

Camera android.permission.CAMERA Enables you to access the
device’s camera.

Internet android.permission.INTERNET Enables you to make a netw
connection.

User’s android.permission.READ CONTACTS Enables you to read from or
contact data android.permission.WRITE_CONTACTS

to the user’s contact data.

Enables you to read from °rUser’s 
calendar data

android.permission.READ_CALENDAR
to the user’s calendar data.

Enables you to record audio.
android.permission.WRITE_CALENDAR

Recording audio android.permission.RECORD_AUDIO
Wi-Fi location android.permission.ACCESS COARSE LOCATION Enables you to access
information coarse-grained location 

information from Wi-Fi an c
towers.

GPS location android.permission.ACCESS FINE LOCATION Enables you to access
information fine-grained location inform 

This includes GPS location 
information. It is also suffic1
for Wi-Fi and celi towers.

Battery 
information

android.permission.BATTERY_STATS Enables you to obtain 
battery-state Information. 
Enables you to connect to PBluetooth android.permission.BLUETOOTH
Bluetooth devices.
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pQr
a complete list of permissions, see the following URL:

łtP://developer.android.com/reference/android/Manifest.permission.html

Application developers can request permissions by adding entries to the AndroidManifest.xml 
6- ^or example, Listing 28-3 asks to access the camera on the device, to read the list of 
°Ptacts, and to read the calendar.

'Sting 28-3. Permissions in AndroidManifest. xml
Manifest ... >

<application>

</appliCation>
<uses-permission android:name="android.permission.CAMERA" />
<uses-permission android:name="android.permission.READ_CONTACTS"/>

^a^es-permission android:name="android.permission.READ_CALENDAR" />

that you can either hard-code permissions in the AndroidManifest.xml file or use the 
^anifest editor. The manifest editor is wired up to launch when you open (double-click) the 
p aaifest file. The manifest editor contains a drop-down list that has all of the permissions 
t^e °aded to prevent you from making a mistake. As shown in Figurę 28-5, you can access 

e Permissions list by selecting the Permissions tab in the manifest editor.

Android Manifest Permissions
'Missions

android. per mission. ACCESS.FINE .LOCATION (Uses Pet 
^droid.permission.ACCE5S_COARSE_LOCATION(Uses 
android, permission. INTERNET (Uses Permission) 
dndroid. per mission. RE AD .CONTACTS (Uses Permission',

[Remove .. ]

Attributes for android.permission.ACCESS_FINE_LOCAnON (Uses 
Permission)

The uses-permission tag requests a "permission" that the containing 
package must be granted in order for it to operate correctly.

Name i android .permission. ACCE5S__FINEtLOęĄriON

[ Down J

Application Permissions Instrumentation AndroidManifest.xml

re 28-5, The Android manifest editor tool in Eclipse

re u n°w know that Android defines a set of permissions that protects a set of features and 
। st°Urces. Similarly, you can define and enforce custom permissions with your application. 

s see how that works.
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Understanding and Using URI Permissions
Content providers (discussed in Chapter 4) often need to control access at a finer level 
than all or nothing. Fortunately, Android provides a mechanism for this. Think about e'^e 
attachments. The attachment may need to be read by another actiyity to display it. Bu 
other activity should not get access to all of the e-mail data and does not need access 
to all attachments. This is where URI permissions come in.

Passing URI Permissions in Intents
When invoking another activity and passing a URI, your application can specify that it is^ 
granting permissions to the URI being passed. But before your application can do this, 
needs permission itself to the URI, and the URI content provider must cooperate and a 
the granting of permissions to another activity. The codę to invoke an actiyity with gran 
of permissions looks like Listing 28-4, which is actually from the Android Email progra 
where it is launching an actiyity to view an e-mail attachment.

Listing 28-4. Codę to Launch anActivity with Granting of Permission

try {
Intent intent = new Intent(Intent.ACTION_VIEW);
intent.setData(contentUri);
intent.addFlags(Intent.FLAG_GRANT_READ_URI_PERMISSION);
startActivity(intent);

} catch (ActivityNotFoundException e) { 
mHandler.attachmentViewError();
// TODO: Add a proper warning message (and lots of upstream cleanup to prevent 
// it from happening) in the next release.

The attachment is specified by contentUri. Notice how the intent is created with the 
Intent.ACTION_VIEW, and the data is set using setData(). The flag is set to grant re$ e 
permission of the attachment to whatever actiyity will match on the intent. This is w . 
content proyider comes into play. Just because an actiyity has read permission to g 
doesn’t mean it can pass along that permission to some other actiyity that does no 
the permission already. The content proyider must allow it as well. As Android finds a 
matching intent filter on an actiyity, it consults with the content proyider to make surę acCesS 
permissions can be granted. In essence, the content proyider is being asked to alio 
to this new actiyity to the content specified by the URI. lf the content proyider refus> - 
then a SecurityException is thrown, and the operation fails. In Listing 28-4, this pa ctjng 
application is not checking for a SecurityException, because the developer is no e 
any refusals to grant permission. Thafs because the attachment content proyider ^^ig 
the Email application! There is a possibility though that no actiyity can be found to 
the attachment, so that is the only exception being watched for.
In the case where the actiyity being called to process the URI already has permission 
access that URI, the content proyider does not get to deny access. That is, the ca 
actiyity can grant permission, and if the actiyity on the receiving end of the intent a 
the necessary permissions for contentURI, the called actiyity will be allowed to ProC 
no problems.
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addition to Intent. FLAG_GRANT_READ_URI_PERMISSION, there is a flag for write permissions: 
ntent.FLAG_GRANT_WRITE_URI_PERMISSION. It is possible to specify both in an Intent. Also, 
ese flags can apply to services and BroadcastReceivers as well as activities because they 

an receive intents too.

specifying URI Permissions in Content Providers

And'10^ d°es a conten* provider specify URI permissions? It does so in the 
r°idManifest.xml file in one of two ways:

In the <provider> tag, the android :grantUriPermissions attribute can 
be set to either true or false. If true, any content from this content 
provider can be granted. If false, the second way of specifying URI 
permissions can happen, or the content provider can decide not to let 
anyone else grant permissions.

Specify permissions with child tags of <provider>. The child tag is 
<grant-uri-permission>, and you can have morę than one within 
<provider>. <grant-uri-permission> has three possible attributes:

Using the android:path attribute, you can specify a complete path which 
will then have permissions that are grantable.

Similarly, android :pathPrefix specifies the beginning of a URI path. 

android:pathPattern allows wildcards (the asterisk, *, character) to 
specify a path.

co^6 s*a*ed before, the granting entity must also have appropriate permissions to the 
before being allowed to grant them to some other entity. Content providers have 

attr'hOrial Ways °f controlling access to their content, through the android:readPermission 
and' tag, the android:writePermission attribute, and the
Wit,r°id: Permission attribute (a convenient way to specify both read and write permissions 
t^at Orie Permission String value). The value for any of these three attributes is a String 
pro rePfesents the permission a caller must have in order to read or write with this content

l<der- Before an activity could grant read permission to a content URI, that activity must 
$ndr r6a<d Perm'ssi°n first, as specified by either the android :readPermission attribute or the 
thejr°ld: Permission attribute. The entity wanting these permissions would declare them in

Manifest file with the <uses-permissions> tag.

^ferences
Here are,

e some helpful references to topics you may wish to explore further:

http://deweloper.android.com/guide/topics/security/security.html: 
The Android Developer’s Guide section “Security Tips." It provides an 
overview with links to lots of reference pages.
http://developer.android.com/guide/publishing/app-signing.html: 
The Android Developer’s Guide section “Signing Your Applications.”

http://deweloper.android.com/guide/topics/security/security.html
http://developer.android.com/guide/publishing/app-signing.html
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Summary
This security chapter covered the following topics:

■ Unique application user IDs that help separate apps from each other to 
protect processing and data

■ Digital certificates and their use in signing Android applications

■ That an application can only be updated if the update is signed with the 
same digital certificate as the original

■ Managing certificates in a keystore using keytool

■ Running jarsigner to apply a certificate to an application .apk file

■ zipalign and memory boundaries

■ The Eclipse plug-in wizard takes care of generating the apk, applying 
the certificate and zipalign-ing for you

■ Manually installing apps onto devices and emulators

■ Permissions that applications can declare and use

■ URI permissions and how content providers use them



Chapter

Using Google Cloud 
Messaging with Android

We approach the end of the book, you will have already developed a good understandi g 
■ and appreciation for, the many communication protocols and architectura op ions you 

e available within Android when it comes to dealing with off-device services. n i 
a„a^ter’ We wil1 explore Google’s Cloud Messaging (or GCM) platform and ow you c 

e plumbing for your application’s remote communication and service in erac lon

Is Google Cloud Messaging?
's a service offered by Google to enable you to write multiple applications across 

Drir^rent Platforms that exchange messages in order to further their functiona i y. e 
examPles of the multiple applications are an Android client applica lon exc a g 

sages with a remote server application.
a m actua' messages sent, and their purpose, are up to you as a developer. It could be 

„essa9e from the remote server letting your client application know (a downs ream 
avJ|Sa9e)that a new update to a news feed, musie sen/ice, or similar subsenp lon is 
a rk9'3'6' Messages from the client to the sen/er (an “upstream” message) cou e sen g 

at rriessage, picture thumbnail, or other new piece of data your user has cap ure o
p 6ratad On cl'ent- These are just examples—you are free to imagine any use, an a y 

°ad, for the messages exchanged in GCM.

^erstanding the Key Building Blocks of GCM
an^iri9 read introduction to GCM, you are already aware of two of the key components in 
fąZCornPlete GCM configuration. The finał part to complete the picture is the GCM sen/er fin 

' Sen/ers) hosted by Google that perform the message gueuing, forwarding, and so forth.

667
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To recap, the three key building blocks for GCM are as follows:

■ Client Application—An application you write, such as an Android 
application, that sends and/or receives messages from a remote server 
to help with functionality.

■ GCM Connection Servers—Google’s messaging infrastructure, which 
manages all messaging traffic, message queuing in the event of delivery 
delays, ultimate delivery guarantees, etc.

■ Remote Application Server—An application your write as a server, 
hosted in an Internet-accessible fashion, responsible for sending and/or 
receiving messages from client applications.

We can also represent this architecture in visual form. Figure 29-1 shows the components 
and message flow in a complete GCM setup.

Figure 29-1. GCM architectural overview

Preparing to Use GCM in Your Application
Where previously we have jumped straight into Java codę, layout XML, and so forth w 
constructing example applications, for GCM-based development we need to underta^^ 
preparatory steps in order to have Google’s servers accept traffic from our client and

Creating or Confirming Your GCM Project in Google Developer Consol6 

To use any of Google’s online sen/ices and APls, including GCM, you will need to cre^ight 
API Project within the Google Developer Console, at cloud.google.com/console. 
already have a project you can reuse, but let’s assume you are creating one for the 
Navigate to the console URL and click the Create Project button. Follow the promp s 
account and billing details, etc., and you should end up with a new project (or eon i 
existing one) as shown in Figure 29-2.

cloud.google.com/console
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We 29-2. Your Google Developer Console with API Project in Place

Mivating the GCM APls for Your Project

the API Project in place, you now need to activate the specific GCM APls. Google 
Pports dozens of separate APls, all of which are disabled by default to ensure you do no 

(j^cic|entally trigger behavior or incur costs you were not expecting. Click on your API Projec 
°ur case, api-project-589435632025) and under the APls & Auth section on the left side, 
ect APls and scroll until you see Google Cloud Messaging for Android. Turn this on using 

e Enable API button. You will know you have successfully enabled the GCM API when t e
ton changes from Enable API to Disable API, as shown in Figure 29-3.



< Projects

API Project

Overview

Permissions

Billing & settings

APls & auth
APls

Credentials

Consent screen

Push

Monitoring

Source Code

Compute
Networking

Storage

Big Data

Suooort
«

Disable API

Google Cloud Messaging for Android

Overview Usage Ouotas

Google Cloud Messaging allows for push messaging to Android devices.

Learn morę L?
View reports in API Console Ł?

Figure 29-3. Your Google Developer Console API Project with GCM Enabled

Generating Your API Key
As with other Google APls, access to the GCM API for your project requires your key- J^tiy 
helps ensure everything from traffic separation, so your GCM messages are not inao 
mixed with those of other applications, through to billing, analytics, and so forth.

thp Create 
To generate your key, choose the Credentials option under APls & Auth. Choose in» 
New Key option, and when prompted for key properties, select Server for the key ^^gtion 
you know the public IP address of your intended server, you can use that in the eon i9^e 
section, otherwise you can use 0.0.0.0/0 for testing purposes. Then choose Create to 
the key generated. When you are returned to the console, you should see your API k®^ortiy. 
available under the Credentials submenu. Notę down the key value as you will need i
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^thenticating GCM Communication
k®y is not the only piece of identifying information used to authenticate and 

u h°riz® message transfer within a GCM environment. You can find more detail on the uses 
tok tokens and keys on the developer.google.com website. In brief, the following four 

en types are used in your GCM applications:

Sender ID The project ID codę available from the Google developer 
console. Your server application will use this as part of the registration 
process with Google’s GCM servers to enable it to send messages to 
the Android client application and your users.

Sender Auth Token Your API key, used in every message sent to the 
GCM servers to demonstrate the authenticity of the message and its 
provenance from your server application.
Application ID For your Android application, this is the fully qualified 
Java package name, for instance com.androidbook.gem. Because this is 
unique across all Android applications, it allows the GCM ecosystem to 
know which applications receive which types of messages.

Registration ID Allocated to your client Android application when it 
registers with the GCM servers for message delivery. The registration 
ID is sensitive information and should be stored securely and not 
disclosed.

All f
'tems 'n combination allow client and server applications to register with GCM 

e identified by it, and also to uniquely identify the applications and their messages.

building an Android GCM-Enabled Application
^ird*'n® a meaningful GCM-based Android application and the supporting server-side 
ibst ^ar^y service is a large undertaking—so large that we could almost write a smali book 
con<2 ^at toP|C- Below we will cover the main configuration and coding points you need to 
ir^ >der when building the application, and you can check the book website for a more

ePth discussion on GCM with fuli examples.

^0|lin9 the Client Component for GCM
c''®nt Android application needs to consider three broad areas. First, have your

th© r' ®nvironment set up correctly. Second, configure the Android project to include 
^ess * dependencies and privileges. Lastly, write the GCM registration methods and

a 9e handling methods into your Java codę for your activity (or activities).

^figure Project Dependencies for Your Project

Can wr'te th® actual Java codę and any related XML layout for our desired 
avai|ah ased application, we need to configure our project to have the necessary APls 
®nshr e and 'nv°ka your IDE’s build tool (e.g., gradle) with the necessary dependencies to 

re a successful build.

developer.google.com
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Your development environment (Android Studio, Eclipse, etc.) will need to have the Goog
Play Sen/ices SDK installed. Double-check this with the SDK Manager from the IDE or
command prompt.
Next, your project will need to be configured to work with the GoogleCloudMessaging API 
provided by the Google Play Sen/ices SDK. As an example, to add this to an Android 
Studio project, open your projects build.gradle file and ensure the API is included as a 
dependency, as shown in Listing 29-1.

Listing 29-1. build.gradle file Fragment Showing Play Sen/ices Dependency 
dependencies {

II your other dependencies here
compile "com.google.android.gms:play-sen/ices:3.1.+"

For Eclipse users, the equivalent task is to add google-play-services. jar as an externa 
library dependency to your project, from your Google Play Sen/ices library collection. La ’ 
any GCM application must run on Android 2.2 (with Play Storę installed) or later. Update y 
manifest’s uses-sdk element to set android:minSdkVersion to at least 8.

Setting Manifest Properties for GCM
Over and above the minimum SDK version required for GCM, your application will require 
specific permissions in order to do the following:

■ Register with GCM sen/ers to receive messages, using com.google.android. c2dm. permission. RECEIVE permission.
■ Use the device’s internet connection to send messages, using android, 

permission.INTERNET permission.

■ Exclusively reserve messages intended for the application and prevent 
other applications registering for them. This uses the custom C2D_ 
MESSAGE permission błock with the application name prepended.

■ GCM-specific permissions for the receiver you will also define, so that 
the GCM servers are allowed to send messages to your application. This 
uses the com.google.android.c2dm.permission.RECEIYE setting.

Notę The earlier incarnation of GCM was known as C2DM, or Cloud to Device Messaging. Thus 
the references to the earlier name of C2DM and C2D.

The receiver you define should declare its intent-filter to act on com.google.android.c2dm- 
intent.RECEIVE and use the applicationPackage name as its category. ,

all0 It can often be better to peruse a snippet of an example AndroidManifest.xml file to se 
these settings in place. Listing 29-2 shows example settings from the four key permissi 
your GCM application will reguire.
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Listing 29-2. Sample AndroidManifest.xml Entries fora GCM Android Application

<ltlanifest xmlns:android="http://schemas.android.com/apk/res/android" 
Package="com.androidbook.gcm">

<uses-sdk android:minSdkVersion="8" android:targetSdkVersion="21"/>
<uses-permission android:name="android.permission.INTERNET" />
<uses-permission android:name="android.permission.GET_ACCOUNTS" />
<uses-permission android:name="com.google.android.c2dm.permission.RECEIVE" />

<permission android:name="com.androidbook.gem.permission.C2D_MESSAGE" 
android:protectionLevel="signature" />

<uses-permission android:name="com.androidbook.gem.permission.C2D_MESSAGE" />

Application ...>
<receiver

android:name=".GcmBroadcastReceiver"
android:permission="com.google.android.c2dm.permission.SEND" > 
<intent-filter>

caction android:name="com.google.android.c2dm.intent.RECEIVE" /> 
ccategory android:name="com.androidbook.gem" />

</intent-filter>
</receiver>
<service android:name=".GcmIntentService" />

</appliCation>

</|,lanifest>

^°ding Your Main Activity to Register for GCM

® ore your application can receive messages from GCM servers (and your server-side 
Plication that sends them), and before it can send messages of its own back through

kn y°ur aPPl'cat'on must register with the GCM servers. This is so the GCM infrastructure
^°Ws how to route your messages, prevent traffic mix-ups, and so on. Listing 29-3 shows 

eXample activity fragment that initiates registration in the onCreate() override. This
□ arhpie code is modeled on the github example GCM project Google makes available at 

veloper.android• com.

ist'ng 29-3. Registering with GCM from Java
Packadge com.google.android.gem.demo.app;
// •

Sports from a default activity, and the GCM specific libraries

class GCMExampleActivity extends Activity {

http://schemas.android.com/apk/res/android
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public static finał String EXTRA_MESSAGE = "message";
public static finał String PROPERTY_REG_ID = "registration_id";
private static finał int PLAY_SERVICES_RESOLUTION_REQUEST = 9OOO;

String SENDER_ID = "al23b456c789dO12"; // Remember to use your ID

TextView myMessageDisplay;
GoogleCloudMessaging gem;
Atomiclnteger messagelD = new Atomiclnteger();
Context context;
String registrationID;

@0verride
public void onCreate(Bundle savedInstanceState) { 

super.onCreate(savedInstanceState);

setContentView(R.layout.main);
myMessageDisplay = (TextView) findViewById(R.id.display);
context = getApplicationContext();

II Register with GCM servers
gem = GoogleCloudMessaging.getlnstance(this);
finał SharedPreferences myAppPrefs = getGcmPreferences(context);
registrationID = myAppPrefs.getString(PROPERTY_REG_ID, "");
II you could also perform version and other checks if desired

if (registrationID.isEmptyO) {
II Not registered, do so async so as not to błock main thread
try {

registerAppInBackground();
} catch (NameNotFoundException e) {

II log details here, as something failed during registration 
}

}
}

private void registerAppInBackground() {
new AsyncTask<Void, Void, String>() {

@0verride
protected String doInBackground(Void... params) { 

String regStatus = "Unregistered";
try {

if (gem == nuli) {
gem = GoogleCloudMessaging.getlnstance(context);

}
registrationID = gcm.register(SENDER_ID);
regStatus = "Registered with ID: " + registrationID; reU$e
II add your cali to securely storę the registrationID for later 
// ...

} catch (IOException ex) {
II perform your error handling here, e.g. retry

}
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return regStatus;
}

}.execute(null, nuli, nuli);

his is a greatly simplified example so you can focus on the absolutely mandatory 
omponents and build from there. Our onCreate() method first instantiates a gem object and 

haredPreferences object. It then retrieves the registration_id from the preferences. 
this point your application may not be registered, which would mean the returned value 

Orn the preferences would be empty. We test for this empty value, and where an empty 
e§istration_ id is detected we initiate our registration process by invoking the private 
ethod registerApp!nBackground().

Th •6 lrnplementation of registerApp!nBackground() follows Google’s recommendation of 
forming the first-time registration asynchronously. We do this because we don’t want to 

ock the main thread while we wait for the handshake and registration process to complete. 
e Process could potentially take several seconds or more. You could enhance the 

PPiication here by adding a rangę of intermediate status updates, error checking, and more. 
^hce we have an application thafs registered, we can carry out message exchange, and 

n all the other logie you might want your application to have, based on or driven by the 
®ssaging aspect. Listing 29-4 shows an example method to send a message based on a 
ndle object constructed to hołd your message details.

sting 29-4. Example Message Sending from Your Android Client
■'■''ate void sendMessage(Bundle messagePayload) { 

new AsyncTask<Void, Void, String>() {
@0verride
protected String do!nBackground(Void... params) {

String status =
try {

String id = Integer.toString(messageID.incrementAndGet()); 
gcm.send(SENDER_ID + "@gcm.googleapis.com", id, messagePayload); 
status = "message sent";

} catch (IOException ex) {
II your error handling here
II set status string

}
return status;

you ,°9'c of the sendMessage() method is entirely concerned with sending whatever it is 
'Taa'976 Constructed in the messagePayload parameter. This Bundle object is left to your 
thatVat'°n’ but ił could be the instant message, photo, voice message, or other content 

°Ur application is actually helping the user with.

gcm.googleapis.com
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We once again use AsyncTask to ensure we don’t błock on message delivery. This is a
universal design pattern when working with any kind of message bus or message delivery
sen/ice. Within the asynchronous logie, we generate a unique message identifier with the
messageID.incrementAndGet() method and then invoke the gcm.send() method, passing 1
the unigue ID and our message payload.
Error trapping and retry logie are easy to add at this point. If you are going to assume any 
higher value to the message ID (which is normally not recommended), it is best to place 
the retry logie within the sendMessage() method so as to be able to reuse the message ID 
generated before it falls out of scope on method return.

Coding the Sewer Component for GCM
Your third-party sen/ice can be written in basically any language, so long as it can 
calls to the GCM cloud endpoints and support the authorization message protocols we 
described in the earlier sections of this chapter.
Because such sen/ices are not stńctly Android products or code, we will save some preCi° 
pages from the book and point you to excellent examples that Google provides to give / 
inspiration into writing the back-end sen/ices.
You can review the options and approaches for this non-Android third-party sen/ice at 
developer.android.com/google/gcm/server.html.

Moving Beyond the GCM Introduction
Such a short chapter cannot cover the enormous breadth of possibilities and nuances 
GCM-based applications. For more details on what is possible, check out the Android 
Exhange site, android.stackechange.com, and the developer.android.com site.

android.stackechange.com
developer.android.com
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Deploying Your Application: 
Google Play Storę and Beyond
Rating a great application that people will love is one thing, but you also need an easy way 
a r People to find and download it. Google created the Play Storę for this purpose. From 

'eon right on the device, users can click straight into the Play Storę to browse, search,
$$ lew, and download applications. Users can also access Play Storę over the Internet to 

those same things, although the downloading is not to the Computer but rather apps are 
nt directly to the user’s device. Many applications are free; for those that are not, the Play 
re provides payment mechanisms for easy purchasing.

aDe|Play Store is even accessible from intents inside of applications, making it easy for 
y p ications to reach out to the Play Store to guide users into getting what they need for 

r application to be successful. For example, when a new version of your application
t0 c°mes available, you can make it easy for the user to go straight to that Play Store page 
Ue^et °r buy new version. Google Play Store is not the only way to get applications to 

lces, however; other channels are all overthe Internet.

exjetGo°9le Play Store application is not available from within the emulator (although hacks 
Will^?0 make it available). This makes things a little morę difficult for a developer. Ideally you 
ex . ave a device of your own that you can use with Google Play Store. In this chapter, we’ll 
you °re ^ow to 9et y°u set UP f°r publishing applications to the Play Store; how to prepare 

a"''cati°n for sale through the Play Store; how you can protect yourself from piracy;
^ak Users W'H flnct download, and use your applications; and finally, alternative ways to 

e your applications available.

^ecoming a Publisher
To ^re y°u can upload an application to Google Play Store, you need to become a publisher. 
ąb|e? So’ y°u must create a Google Play Publisher Account. Once that’s done, you will be 

0 upload your applications to the Play Store so they can be found and downloaded by 

677
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users. lf you will be charging money for your app, or accepting in-app purchases, you will 
also need to set up a Google Wallet Merchant Account. Google has madę the process to g 
these accounts relatively painless and reasonably priced.
A good place to start isthis page: http://deweloper.android.com/distribute/googlepla^ 
start.html. From here you can click the big Start button to begin the process. lf you don 
already have a Google Account you will be prompted to create one. To be a publisher, y°u 
will also need to provide a deweloper name, an e-mail address, a web site address, and a 
phone number where you can be contacted. You will be able to change these walues later, 
once your account is set up. You will also need to pay the registration fee. This is done via 
Google Wallet. In order to complete the payment transaction, you will need to use your 
Google account.
One of the options presented to you during the payment process is “Keep my email addres 
confidential.” This refers to the current transaction between you and Google Play Storę 
purchase publisher access. lf you choose yes, you’ll keep your e-mail address secret fro 
Google Play Storę. This has nothing to do with keeping your e-mail address secret from 
buyers of your application. Buyers’ ability to see your e-mail address has nothing to do 
this option. More on that later.
Next up is the Google Play Deweloper Distribution Agreement (GPDDA). This is the lega1 
contract between Google and you. It spells out the rules for distributing apps, collecting 
payments, granting refunds, feedback, ratings, user rights, deweloper rights, and so on. 
There’s more on these in the “Following the Rules” section of this chapter.
Upon accepting the Agreement, you will be taken to a page commonly called the Develop 
Console at https://play.google.com/apps/publish/.

Following the Rules
The GPDDA spells out a lot of rules. You might want legał counsel to rewiew the contrach 
before agreeing to it, depending on how seriously you plan to operate within the Goog 
Storę. This section describes some highlights you might be interested in:

■ You hawe to be a deweloper in good standing to use the Google Play 
Storę. This means you must go through the process as described to get 
registered, you must accept the Agreement, and you must abide by the 
rules in the Agreement. Breaking the rules could get you barred and your 
products remowed from the Play Storę.

h You can distribute products for free or for a price. The Agreement 
applies either way. Payments must be collected wia an authorized 
Google Play Storę Payment Processor. This includes Google Checkout 
(credit, debit, Google Play gift cards), carrier billing (e.g., Verizon, AT&T), 
and PayPal.

■ Paid apps will incur a transaction fee, and possibly a fee from the dewice 
carrier, to be deducted from the sale price. As of March 2015, the 
transaction fee is 30 percent, so if the sale price is $10, Google collects 
$3 and you get $7 (assuming no carrier fees).

http://deweloper.android.com/distribute/googlepla%255e
https://play.google.com/apps/publish/
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■ For EU countries, Google is required to remit the taxes for you. Outside 
of the EU, it is your responsibility to remit appropriate taxes to your 
taxing authorities. For some of those non-EU countries, you can choose 
to let Google remit the taxes for you. When you set up your merchant 
account, you specify the appropriate tax rates to apply to purchases. 
Google Checkout will collect the appropriate taxes based on how you 
set up Google Checkout. This money will be provided to you if Google is 
not remitting for you, and you must remit it appropriately. For additional 
information on sales taxes in the United States, try . 
about. com/od/businesstaxes/f/onlinesalestax. htm and www, thestc. com.

http://biztaxlaw

■ You are allowed to distribute a free demo version of your application, 
with an option to pay to unlock the application’s fuli set of features; 
however, you must collect the payment via an authorized Google Play 
Storę Payment Processor. You are not allowed to redirect users of your 
free application to some other payment processor to collect upgrade 
fees. You could think of it this way: if you’re making money via Google 
Play Storę, Google wants its share.

■ In-app billing allows an application to charge for digital goods or assets 
used within the application. A digital asset could be something like a 
virtual weapon or new levels for a gamę, or a musie or graphics file. The 
checkout process is the same as for purchasing applications.

If your application requires a user to have a login on a web server 
somewhere, and that web server charges the user a subscription fee, 
that web server could collect the subscription fee any way it wants 
to. In this way, you have disconnected the subscription fee from the 
application, and ifs OK by Google to make the application available 
in Google Play Storę—as long as your free application is not directing 
users to the web site. Some people just decide to distribute their free 
Android app from the same web server as the sen/ice, but this does 
require the user to enable installation of apps from unknown sources, 
which can discourage some users from installing.

It seems that you can use alternate payment processors to accept 
donations from users of your free app, but you cannot create incentives 
within your app to encourage those donations.

While the GPDDA says refunds can be requested up to 48 hours after 
purchase, as of March 2015 refunds can be requested by the user up to 
2 hours after purchasing for an automatic refund. Refunds are not given 
to users who can preview the product prior to download. This includes 
ringtones and wallpapers.

Google Checkout, however, does allow the developer to issue a refund 
even if the refund window has passed. The user can go to their Google 
Play activity history, and from there can request a refund even well 
after the initial 2 hours. If it is less than 48 hours from the purchase, the 
refund will probably be automatic. Otherwise, it is up to the developer 
whether or not to return any money.

http://biztaxlaw
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■ You are required to provide adequate support for your product. If 
adequate support is not provided, users can request refunds through 
Google, and these will be charged back to you, possibly including 
handling fees.

■ Users get unlimited reinstalls of applications downloaded from the 
Google Play Store. If a user does a factory reset of their device, 
this feature allows them to get all their apps back without having to 
repurchase.

■ Developers agree to protect the privacy and legał rights of users. This 
includes protecting (securing) any data that might be collected in the 
process of using the application. It is possible to change the rules 
regarding users’ data protection, but only by displaying and having the 
user accept a separate agreement between you and that user.

■ Your application must not compete with the Google Play Store. Google 
does not want an application from within Google Play Store to sell 
Android products from outside Google Play Store, thus bypassing its 
payment processor. This does not mean that you can’t also sell your 
application through other channels, but your application on Google Play 
Store cannot itself be doing the selling of Android products outside of 
Google Play Store.

■ Google will assign product ratings to your products. The ratings could 
be based on user feedback, install rates, uninstall rates, refund rates, 
and/or a Developer Composite Score. The Developer Composite Score 
may be calculated by Google using past history across applications, and 
this could influence the rating of new applications. For this reason, it is 
important to release good-quality applications associated with you, even 
the free ones. It’s not elear that the Developer Composite Score even 
exists, but if it does there’s no way to see yours.

■ By selling your application through Google Play Store, you are 
granting the user a “non-exclusive, worldwide, perpetual license to 
perform, display and use the Product on the device.” However, it is 
quite alright for you to write a separate End User License Agreement 
(EULA) that supersedes this statement. Make this EULA available on 
your web site, or provide another way for shoppers and users to be 
able to read it.

■ Google requires that you abide by the branding rules for Android. These 
include restrictions on the use of the word Android, as well as use of 
the robot graphic, logo, and custom typeface. For morę details, go to 
http://developer.android.com/distribute/tools/promote/brand.html-

http://developer.android.com/distribute/tools/promote/brand.html-
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Developer Console
The Developer Console is your landing page for controlling your applications in Google Play 
Storę. From the Developer Console, you can set up a merchant account in Google Checkout 
(so you can charge for your applications), upload applications, and get information about 
y°ur uploaded applications. You can also edit your account details including developer name, 
6'Mail address, web address, and phone number. Figure 30-1 shows the Developer Console.

Google play : Deweloper Console O. daremac (favemac327@gmai!.com Sign out 0
।

ALL APPLICATIONS Es +■A,<d '"‘w -ippiu «•<<'» ■

U Y Filter t
Page 1 of 1

$ APP NAME PRICE CURRENT/TOTAL AVG. RATING/ CRASHE8&ANRS LAST UPDATE STATUS
INSTALLS© TOTAL# O

A Gestu re Tool 1.3 Free 1,913 / 27,943 * 3.71 / 163 2 Oct 26. 2012 Published
0 Page 1 of 1

F'9ure 30-t The Google Play Storę Developer Console

lf you do not set up a merchant account, you will be unable to charge for your products 
'h Google Play Storę. Setting up a merchant account is not difficult. Click the link from 

Developer Console, fili out the application, agree to the Terms of Sen/ice, and you’re 
set. You will need to provide a US Federal tax ID (EIN), a credit card number plus a US 

Social Security Number (SSN), or just a credit card number. The tax information is used to 
''erify your crec|it status to ensure timely deposits. The credit card information is used to 
ahdle chargebacks due to buyer disputes when there are insufficient funds in your Google 
heckout account. You can also supply bank account information to enable electronic funds 

ransfers from the proceeds of your sales.
^°to that Google Checkout is a sen/ice for more than just Google Play Storę. Therefore, do 
ot get confused by the transaction fee information for Google Checkout for non-Google 
ay Storę sales. The 30 percent mentioned previously is the transaction fee ratę for Google 
lay Storę. There is also additional Google Checkout transaction fee information for non- 
°°gle Play Storę sales, and those do not apply to Google Play Storę.

Reading and monitoring your applications are probably the main functions of the 
eveloper Console that you will use, although the Console is also where you can sign up for 
Cc®ss to Google APls and gamę sen/ices and link to your AdWords account(s).

Monitoring, the Play Storę provides tools to see how your application is doing in terms 
total downloads and how many users still have it installed. You can see the overall rating 
your apps in terms of 0 to 5 stars, and how many people have submitted a rating. There 

e Yarious reports, charts, and graphs in the Developer Console so you can see how 
Ur application is doing in different versions of Android, on different devices, in different 
Entries, and in different languages.
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Users can submit comments in addition to rating your application. It is in your best interes 
to read the comments in order to address any problems quickly. Included with a commen 
is the user’s rating of your app, a name of the user as typed by them, and the datę the 
comment was submitted. You are able to reply to specific comments and that user will 
receive an e-mail to let them know. You can only leave one reply per review, but you can 
always edit your reply later. In an extreme case, where a comment is particularly harmful 
inappropriate, you can contact Google support by starting here at the Help Center web si 
https://support.google.com/googleplay/android-developer/ .

The Developer Console allows you to republish your application—for upgrades, for 
example—or to unpublish the application. Unpublishing does not remove it from deyices, 
nor does it even necessarily remove the app from the Google servers, especially if it’s a P . 
app. A user who has paid for your application and who has uninstalled it, but not feques 
a refund, is allowed to reinstall it later even if you’ve unpublished it. The only way it is frLJ > 
unavailable to users is if Google pulls it due to a violation of the rules.
You can also look at errors that were generated by your application and see application 
freezes and crashes. Figurę 30-2 shows the Crashes & ANRs screen.
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Drilling into the details of a crash report, you can see the stack tracę of the crasn, 
which type of device was running the application and the time of the crash. a|
you cannot communicate back to the user who experienced the problem to get aa 
details or to help them get the issue resolved. You have to hope that the affected us ^aVe 
get in touch with you through comments, e-mail, or your web site. Otherwise, y°u 
to figurę out from the crash report what went wrong and try to fix it. 

https://support.google.com/googleplay/android-developer/
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f you really want to know how a user got to a crash, you’ll want to implement one of the 
^obile analytics packages into your app. These will generate event records as a user steps 
hrough your application, and will also report crashes. The breadcrumbs (event records) will 
et you know the steps a user took up to the point of the crash. This capability is separate 
r°rn the Google Play Store, however.

^here’s one morę feature of the Developer Console you may need to use: the Help portion 
0 the web site. The Help button is in the upper-right corner. Clicking it shows you some 
ln ine help, but also has a link to the Help Center web site. There are also links for submitting 
e'mail or for an online chat (during business hours).

ve now introduced you to some of the nice features of the Developer Console, but you 
r°bably want to get into the most useful part, which is getting your applications into the 
°ogle Play Store so users can find them and download them. But before we do that, lets 

90 over how to prepare your application for upload and sale.

^eparing Your Application for Sale
^here are guite a few things to think about and do to take an application from code complete 
0 Google Play Store. This section will help you through those items.

^sting for Different Devices
morę and morę Android devices becoming available, and each one potentially having 

me new hardware configuration, it is very important that you test for a variety of devices 
u want to support. You could purchase some of the devices that you want to support, but 
u Probably can’t purchase them all. There are some online services that make real devices 

fo arabie over the Internet. Your other option is to configure Android Virtual Devices (AVDs) 
each type of device, specify the appropriate hardware configuration, and then test with 
emulator and each AVD. Some device manufacturers make Android emulator packages 

a|lable that are specific to their devices, so check out their web sites for download options.

SDK provides various classes to assist with testing, as well as the
$ , P^ieation Exerciser Monkey. These tools will help you do automated testing so you 

n * spend forever testing your application manuaily. See these web pages for morę details:

h^S-//developer. android. com/tools/testing/index. html
PS;//developer.android.com/tools/testing-support-library/index.html

Bąr..Ore you begin testing, you probably want to remove from your code any development 
y aCtS ^at you no lon9er need, and also any development artifacts from /res. You want 
amr apP|ication to be as smali as possible and to run as guickly as possible with the least 
ap3Unt of memory. Finally, be surę to disable or remove any debugging features from your 

ICation that you don’t want distributed to production.
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Supporting Different Screen Sizes
Android supports many screen sizes. In order to run on the smallest size, you must 
set a specific <supports-screens> element as a child element of <manifest> within the 
AndroidManifest.xml file. Without this tag specifying that your application supports the 
smali screen size, your application will not be visible in the Play Storę to devices that hav 
smali screen.
To support different screen sizes, you may need to create alternate resource files under 
/res. For example, for files in /res/layout, you may need to create corresponding fHeS in 
/res/layout-smali to support smali screens. This does not mean you must also create 
corresponding files in /res/layout-large and /res/layout-normal, sińce Android will 00 
/res/layout if it cant find what it needs in a more specific resource directory such as 
/res/layout-large. Remember, too, that you can have combinations of gualifiers forth . 
resource files; for example, /res/layout-small-land would contain layouts for smal! sc 
in landscape modę. Supporting smali screens probably means creating alternate versio 
of drawables such as icons, too. For drawables, you may need to create alternate reso 
directories, taking into account screen resolution as well as screen size.
Tablets of course go in the opposite direction in terms of screen size, using the label 
The same <supports-screens> tag as before is used to specify if your application willr 
extra-large screens, and the attribute to use inside of this tag is android:xlargeScreens. 
some cases, you may have a tablet-only application, in which case you would specific 
indicate that for the other sizes, the attribute value is false.

Preparing AndroidManifest.xml for Uploading to
YourAndroidManifest.xml file may need to be tweaked a little bit before you can 
Google Play Storę. ADT normally puts the android:icon attribute in the <applicati°n>QU,|| 
and not in <activity> tags. lf you have more than one activity that can be launched, y 
want to specify separate icons for each activity so the user can more easily tell them 
But you’II still need an icon specified in <application>, which also serves as the de 
activity icon for any activities that don’t specify their own icon. Your application will tagSi
on devices and in the emulator with the android:icon only specified in the <activi ksfor
but when Google Play Storę inspects your application’s .apk file when uploading,1 
icon information in the <application> tag.
Google Play Storę prevents uploading your application if the package name you ve use 
starts with com.google, com.android, android, or com.example, but we hope you di 
one of those in your application.
There are many other compatibilities to consider for your application. Some deyices 
have cameras, some don’t have physical keyboards, and some have trackballs ms 
of directional pads. Use <uses-configuration> and <uses-feature> tags in your r 
AndroidManifest.xml file as needed to define what hardware/platform requiremen s^Qwr] to 
application has. Google Play Storę will enforce this and not let your application be t and 
a user on a device that won’t support your application. Notę that these tags are di caseSi 
separate from the <uses-permission> tags of the AndroidManifest.xml file. In mos 
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you would end up with both tags in your AndroidManifest.xml file, for specifying that a 
camera is required, and for specifying that permission to use the camera is required. But not 
aN features require permission, so it is in your best interest to specify the features you need. 
^here is another big difference between <uses-permission> and <uses-feature>: the 
<uses-feature> tag can say that your application requires that feature or that your 
aPplication can function without it. That is, there is an attribute called android:required that 
can be set to either true or false; by default ifs true. If there is a permission for a feature, 
^ut you don’t supply the corresponding <uses-feature> tag, then by default ifs as if you 
sPecified <uses-feature> and the feature is required. For example, your application may 
take advantage of Bluetooth if ifs available, but will work just fine if it is not. Therefore, in the 
Manifest file, in addition to the Bluetooth permission element, you’d have something like this:

<uses-feature android:name="android.hardware.bluetooth" android:required="false" />

^ithin your application’s code, you should make a cali to the PackageManager to find out if 
B|uetooth is available or not, which you could do with the following:

^olean hasBluetooth = getPackageManager().hasSystemFeature( 
PackageManager.FEATURE_BLUETOOTH);

take appropriate action in your application if Bluetooth is not there. The Android 
°curnentation can be confusing in this area. If you look at the Developer Guide page for 

<u$es-feature>, you will not see as many features as are described on the PackageManager 
e'erence page, which defines a FEATURE_* constant for each available feature.

Thne <uses-configuration> tag is a little different. It specifies what sort of keyboard, 
°Pchscreen, and/or navigational Controls the device must have. But instead of being 
dependent choices such as <uses-feature>, you would put the combinations of 

Orifiguration choices together into what your application requires. For example, if your 
Pplication requires a five-way navigation control (that is, a D-pad or a trackball) and a 
Pchscreen (using either a Stylus or a finger), you would specify two tags as follows:

^^-configuration android:reqFiveWayNav="true" android:reqTouchScreen="stylus" /> 
e$-configuration android:reqFiveWayNav="true" android:reqTouchScreen="finger" />

Localizing Your Application
। ypur application will be used in other countries, you might want to consider localizing

’ his is relatively easy to do technically. Finding someone to do the localizing is another 
atter. From the technical point of view, you simply create another folder under /res—for 
aTple, /res/values-fr to hołd a French version of strings.xml. Take your existing 

t rings-xml file, translate the string values to the new language, and save the new
Pslated file under the new resource folder using the same file name as the original file. 
rL>ntime, if the device’s language is set to French, Android will look for strings that were 

fr„ Cec* Under /res/values-fr. If it cant find strings from there, it will then look for strings 
/res/values.
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The same technique works for the other types of resource files—for example, drawables and 
menus. Images and colors may work better for your users if they are different for different 
countries or cultures. For this reason, it is a good idea to not use true color names for your 
resource names for colors. In the online documentation for colors, it is common to see 
something like this:

<color name="solid_red">#f00</color>

This means that in your code or other resource files, you’re referring to the color by the 
actual name of the color, in this case, solid_red. In order to localize the color to something 
more appropriate for the other country or culture, it would be better to use a color name 
such as accent_colorl or alert_color. In English, red might be the appropriate color va 
to use, while in Spanish it might be better to use a shade of yellow. Because a color name 
like alert_color does not reveal the actual color that you’re using, it is less confusing w 
you want to change the actual color value to something else. At the same time, you can t 
design a pleasing color scheme, with base colors and accent colors, and be more conii 
that you're using the correct colors in the correct places.

Menu choices might need to be changed in different countries, using fewer or more 
items, or be organized differently, depending on where the application is being used. M 
are typically stored under /res/menu. If you are faced with this situation, you are próba y 
better off putting all your string text into strings.xml, or other files located under the 
/res/values directory, and using string IDs in the appropriate resource files everywhere 
else. This makes it far less likely that you will miss translating a string value in some od 
resource file. Your language translation work is then limited to the files under /res/vaiu

Preparing Your Application Icon
Shoppers and your users will see your application’s icon and label prominently in both 
Google Play Storę and on their device once they’ve downloaded it. Please take speci 
care to create good icons and good labels for your application and its activities. Loca 
them as necessary or desired. And remember that for different screen sizes, your icons 
need to be tweaked to look good. Check out what other developers have done with 
icons, especially those applications in the same category as your application. You w 
application to get noticed, so ifs better not to blend in with all the others. At the sarn® 
you want your icon and label to work well on a device when surrounded by lots of o ur 
application icons that do other things. You don’t want a user to be confused aboutw 
application does, so make the icon representative of the functionality of your appl|ca

When creating any image for your application, but especially your icon, you need to 
the screen density of the target device. Density means the number of pixels per inc ■ 
think that a smali screen is low density and a large screen is high density—you cou an 
any combination of size and density. For a high-density screen, you will probably oh 
icon with 72 x 72 pixels. The medium-density icon will usually be of size 48 x 48 P|X earto 
for extra-high density, ifs 96 x 96 pixels. For a low-density screen, making an 'con ^gips 
be the right size means making the icon with fewer pixels, typically 36 x 36. Androi 
you in the low-density case because it will automatically downscale your HDPI icon . 
so you don’t need to provide a low-density icon yourself. In generał, you’ll find it e ^en 
to only worry about density for images such as icons. You’ll worry about screen size 
defining layouts.
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Directing Users Back to the Play Storę
Android has a URI scheme to help facilitate finding applications in Google Play Storę: 
mArket://. [Google Play Storę was formerly called Android Market.] For example, if you 
want to direct your users to the Play Storę to locate a needed component, or to upsell to an 
Additional app that unlocks features in your application, you would do something as shown 
Aere, where MY_PACKAGE_NAME would be replaced by your real package name:

^n^ent intent = new Intent(Intent.ACTION_VIEW,
Uri.parse("market://search?q=pname:MY_PACKAGE_NAME")); 

startActivity(intent);

^is will launch the Play Storę app on the device and take the user to that package name. 
de user can then choose to download or buy the application. Notę that this scheme does 
ot Work in a normal web browser. In addition to searching using package name (pname), you 
ari search by developer name using market://search?q=pub:\"Fname Lname\" or against 

$nY of the public fields (application title, developer name, and application description) in
°°9le Play Storę using market://search?q=<querystring>.

Android Licensing Service
^e way that Android apps are constructed unfortunately makes them targets for piracy. It is 
°ssible to make copies of Android apps that can then be distributed to other devices. So 
°w can you ensure that users who have not purchased your application cannot run it? The 
ddroid team has created something called the License Verification Library (LVL) to meet this 
eed. Here’s how it works.

Q^°Ur application was downloaded via Google Play Storę, then there must be a copy 
^e Google Play Storę app on the device. In addition, the Google Play Storę app has 

a eVated permissions to be able to read values from the device such as the user’s Google 
tQC0Llr|t name, the IMSI, and other information. The Google Play Storę app will respond 
ą a pcense verification request from an application. You make calls into the LVL from your 

Plication, LVL communicates with the Google Play Storę app, the Google Play Storę app 
Trnunicates with Google sen/ers, and your application gets an answer back indicating 
ether or not this user on this device is licensed to use your application. This means the 

w p ^ust have been purchased through Google Play Storę; otherwise the Google servers 
n n * know about it. There are settings under your control to decide what to do if the

w°rk is unavailable. A fuli description of the process of implementing LVL can be found at 
Ps://developer.android.com/google/play/licensing/index.html.

*° be aware of, though, is that the LVL mechanism is subject to hacking. lf
Pat h°ne Can get to your application’s .apk file, they can disassemble the app and then 
o^0'1 they know where to look for the return value from the LVL cali, lf you use the 
ą'°Us pattern of a switch statement after getting the response from LVL, to branch to the 
Cod°Priate log'c based on the return codę, a hacker can simply force a successful return 

e value, and they own your app. For this reason, the Android team highly recommends 
che k°U imP|ement obfuscation of your app to hide the part of your application where you 

ck the return codę from LVL. This gets fairly complicated, as you can imagine.
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Using ProGuard for Optimization, Fighting Piracy
Google provides some support for obfuscation in the form of the ProGuard feature. 
ProGuard is not a Google product, but has been integrated into ADT and Android Studio 
so ifs easy to use. ProGuard does morę than just provide obfuscation for fighting piracy;11 
also makes your application smaller and faster. It does all this by stripping out debuggin9 
information, cutting out code that will never run, and changing names (of classes, method , 
and so on) to meaningless strings. Examples of code that will never run include library 
classes and methods that are never called, and logging that depends on a constant that 
you set to false (for production). It can also recognize optimizations such as binary-shiWw 
a value left by one bit position instead of multiplying it by 2. By stripping out debugging 
information and changing the names, the resulting compiled .apk file won’t reveal variabie 
names, class names, methods, and so on, so it becomes extremely difficult to figure out 
what the code does and therefore how to steal it, modify it, and release it as something e 
When you create your application, it should automatically get a proguard-project.txt fil®- 
The default file will look something like Listing 30-1.

Listing 30-1. Sampleproguard-project.txt File
# To enable ProGuard in your project, edit project.properties
# to define the proguard.config property as described in that file.
#
# Add project specific ProGuard rules here.
# By default, the flags in this file are appended to flags specified
# in ${sdk.dir}/tools/proguard/proguard-android.txt
# You can edit the include path and order by changing the ProGuard
# include property in project.properties.
#
# For morę details, see
# http://developer.android.com/guide/developing/tools/proguard.html

# Add any project specific keep options here:

# If your project uses WebView with 3S, uncomment the following
# and specify the fully qualified class name to the lavaScript interface
# class:
#-keepclassmembers class fqcn.of.javascript.interface.for.webview {
# public *;
#}
You also need to uncomment the proguard.config property in the application’s project 
properties file to the location of the proguard-project.txt file. The linę looks like thi 

proguard.config=${sdk.dir)/tools/proguard/proguard-android.txt:proguard-project.txt

As you can see, there is a stock set of ProGuard configurations provided to you by a 
file under the tools/proguard directory of the Android SDK. You can then augment .gCt, 
ProGuard configuration in the proguard-project.txt file as part of your application p 
Notę that the provided configuration does not in fact enable optimizations, as these 
require morę testing to be surę that your application still works correctly. If you wan 
optimizations, change the reference in the project.properties file to ${sdk.dir)/t° 
proguard/proguard-android-optimize.txt.

http://developer.android.com/guide/developing/tools/proguard.html
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As mentioned, ProGuard does its work by stripping stuff out. Sometimes it strips out too 
^uch, and that is why you see the -keep options specified in the proguard-android.txt file, 
^hen you produce an .apk file, you need to test it to make surę ProGuard didn’t take out 
too much. If you find errors due to missing classes or methods, you can edit the proguard- 
Project.txt file to include another - keep option for the item you're missing. Rebuild your 
•apk file, and test again. We recommend using the Export Signed Application Package 
°Ption under the Android Tools menu option in Eclipse, because it will take care of calling 
^oGuard for you as it builds the .apk file. Exporting is covered in the next section.

tou can also configure Ant to obfuscate using ProGuard if you use Ant to do your builds.

^hen ProGuard does its thing, you’ll get a file called mapping.txt along with your .apk
Hang on to this file because you will need it to de-obfuscate a stack tracę from your 

Application. If you use Eclipse to export your .apk file, you will see a new proguard directory 
Created within your Eclipse project. The mapping.txt file will be in there. The command to 
toe is retrace, and ifs located in the Android SDK directory under tools/proguard/bin. The 
A^uments to retrace include the mapping.txt file and the stacktrace file, but be aware that 
tou need to specify the fuli pathname to each. Also, you should keep track of which version 

your application goes with which mapping.txt file.
^he more caution about testing your application. Android KitKat introduced an experimental 
tontime engine called the Android RunTime (ART), and in Lollipop it became the one and 
APly runtime engine. You should test your application with both, especially if you use 
ProGuard and do optimizations.

^eparing Your .apk File for Uploading
get your tested application ready for uploading—that is, to create the .apk file to upload— 

ton need to create a signed export of your application. This can be done a number of ways, 
°bt the simplest are to use the built-in IDE features. For Eclipse you would right-click on 
to project name and choose Android Tools > Export Signed Application Package.... For 
^hdroid Studio, you would select the project name and choose the Build menu > Generate 
s'gned APK... Follow the dialogs to choose a proper signing certificate key and create your 
Muction APK.

Uploading Your Application
^Ptoading is easy to do but takes some preparation. Before you begin an upload, there 

some things you will need to have ready and decisions you have to make. This section 
towers that preparation and those decisions. Then, when you’ve got everything you need, 
to to the Developer Console and choose + Add new application. You’ll be prompted to 
topply lots of information about your application, the Play Storę will run some processing 

your application and the information, and then your application will be ready to publish to 
to Play Storę.

previous section covered preparing your application .apk file for uploading. Making your 
toplication attractive to shoppers requires some marketing on your part. You need good 
tocriptions of what it is and does, and you need good images so shoppers understand 
tot they might download.
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The Google Play Storę understands that you could market your application in different 
countries. Therefore, you have the ability to provide text and graphics localized for the 
different countries with just one application.

Graphics
You’ll be asked to upload screenshots for your application. The easiest way to capture 
screenshots of your application is to use DDMS. Fire up Eclipse, launch your application 
in the emulator or on a real device, and then switch Eclipse perspectives to DDMS and t e 
Device view. From within the Device view, select the device where your application is run 
and then click the Screen Capture button (it looks like a little camera in the upper-right co^ 
or choose it from the View menu, lf you have a choice when saving, choose 24-bit color. 
Android Device Monitor is very similar to DDMS and is available as a stand-alone tool (ca 
monitor) from under the SDK tools directory, or from the Tools menu of Android Studio.

Google Play Storę will convert your screenshots to compressed JPEG; starting with 
will produce better results than starting with 8-bit color. Choose screenshots that will ma 
your application stand out from the rest but that also show the important functionality. 
You must supply at least two screenshots, and you can provide up to eight. Be aware 
that you have the ability to upload screenshots for your application for other languages. 
your application has been localized for another country and/or language, you’ll want 
screenshots to correspond.

Next up is a high-res application icon. This could be the exact same design as your 
application icon, but Google Play Storę wants a 512 x 512 pixel icon image. This is red 

. . je used 
The feature graphic is required and is a large 1024 x 500 pixels in size. This grapnic 
in the Featured section of Google Play Storę so you want this to look really good.
You can provide a promotional graphic as well, but its size is smaller than a screenshot^ 
Although this graphic is optional, it is a good idea to include it. You never know when c6| 
graphic could be displayed; without one, you don’t know what will be displayed in ^p ai|S 
if anything. One place the Promo Graphic appears is at the top of your application s 
page in Google Play Storę.
By the time you read this, there could be other graphics you could upload. For examp|e’ 
Google now accepts a TV Banner graphic for apps that would be viewed on a TV. 

nut oUt 
The last bit of graphics related to your application is an optional video that you can p 
on YouTube and link to from your Google Play Storę page.

Listing Details
The Google Play Storę asks for textual information about your application to display 
shoppers, including the title, short description (formerly called promotional text), an 
description.
There’s a Short Description field that has only 80 characters, and ifs mandatory. '^gnort 
app is shown at the top of a list in Google Play Storę, ifs the Promo Graphic and 
Description that get displayed.
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fuli description is also mandatory, and it allows up to 4,000 characters. If you have 
Written a separate EULA for your users, provide a link to it in your fuli description text so 
shoppers can view it prior to downloading your application. Consider that shoppers will 
^ely use search to locate applications, so be surę to put appropriate words into your 
t®*t to maximize your hit rate on searches related to your application’s functionality. Ifs 
Worthwhile to put a short comment in the text that says to e-mail you if the user runs into 
hroblems. Without this simple prompt, people are morę likely to leave a negative comment, 
ar|d a negative comment really limits your ability to troubleshoot and solve the problem, as 
compared to an e-mail exchange with the affected user.
^he drawback to the user comments mechanism described earlier is that it does not 
^istinguish to users the specific version of your application. If negative reviews are received 
a9ainst version 1, and you release yersion 2 with everything fixed, the reviews from yersion 1 
are still there, and shoppers may not realize that those comments don’t apply to the new 
Version. When releasing a new yersion of an application, the application rating (number of 
$tars) does not get reset, either. Partly for this reason, Google started providing a Recent 
. Ganges text field where you can describe what’s new in this release. This is where you could 
^icate that a certain problem has been fixed or tell what the new features are. The Play

*Ore also provides the ability to see just the reviews/comments for the latest yersion, but by 
e^ault the reviews and comments are shown for all yersions.

^he of your responsibilities when writing the text for your application is to disclose the 
Permissions that are required. These are the same permissions as set in the cuses- 
Permission> tags of your AndroidManifest.xml file within your application. When the user 
°wnloads your application to their device, Android will check the AndroidManifest.xml 

J6 and ask the user about all of the uses-permission requirements before completing the 
Pętali. So you might as well disclose this up front. Otherwise, you risk negatiye reviews from 
Sers surprised that an application requires some permission that they are not prepared 

0 Sfant, not to mention the refunds, which also count against your Developer Composite 
c°re. Similar to permissions, if your application requires a certain type of screen, a camera, 
r other device feature, this should be disclosed in your text descriptions of your application. 
s 8 best practice, you should disclose not only what permissions and features your 

^Pplication needs, but also what your application will do with them. You should answer the 
er’s question in advance: why does this app require X?

Wh
c oen uploading your application, you will need to choose an application type and a 
ategory. As these yalues change with time, we won’t list them here, but ifs easy to go to 
e Add new application screen to see what they are.

^blishing Options
must choose two content ratings. The idea is to give consumers an idea of the 

Propriateness of an application for certain age groups. The scalę for the first (older)
Intent rating includes High, Medium, and Low Maturity, and Everyone. Choosing the right 

depends on the content in your application and how much of that content there is.
°9le has rules about location-awareness and posting or publishing locations. Ifs best 

rules for yourself here: https://support.google.com/googleplay/android- 
eloper/answer/188189. The second content rating is derived after you complete a 

https://support.google.com/googleplay/android-eloper/answer/188189
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questionnaire. You will actually get several content ratings, by country, depending on how 
you answer the questionnaire. The questionnaire takes some of the subjectivity out of the 
content rating.
Next you set the price of your application. By default the price is Free, and you must have 
previously set up a Merchant Account in Google Checkout if you want to charge for your 
application. Setting the right price for an application is tricky, unless you’ve got some 
sophisticated market research capabilities, and even then ifs still tricky. Prices set too 
high could turn people off, and you risk the effects of refunds if people don’t feel the ph 
was worth it. Prices set too low could also turn people off because they might think its a 
cheap application.

One of the last decisions to make before uploading your application is to choose the 
locations and carriers for your application to be visible to. By choosing All, your applicatl° 
will be available everywhere. However, you may want to restrict distribution geographica y 
or by carrier. Depending on what functionality is in your application, you may need to 
restrict by location in order to comply with US export law. You may choose to restrict yo 
application by carrier if your application has compatibility issues with certain carriers’ 
devices or policies. To see carriers, click the Show options link next to the country, and 
the available carriers for that country will be displayed, allowing you to choose the ones 
you want. Choosing all also means that any new locations or carriers that Google adds 
automatically see your application with no intervention from you.
In addition to country and carrier choices, Google Play Storę also allows you to restrict y°^ 
application to certain devices. By default, the devices list is filtered based on your mam 
file, in which you’ve specified the features and so on that your application requires. ThlSbab|y 
section of the Upload screen allows you to further restrict other devices. You would Pr0 
only want to do this if there was a known issue with a particular device such that you w 
unable to get your application to work on that device even though it ought to.

Android also offers the option to upload multiple APKs for the same application. It 
you to have a single entry on Google Play Storę but to have separate build for phones 
tablets. See http://android-developers.blogspot.com/2011/07/multiple-apk-supp°r 
in-android-market.html and http://developer.android.com/google/play/publish1n5 
multiple-apks.html.

Contact Information
t different 

Even though your developer profile contains your contact information, you can sei u 
information when uploading each application. The Play Storę asks for a web site, e- 
address, and phone number as contact information related to this application. You m 
supply at least one of these so buyers can get support, but you don’t need to supp y 
three. It is a good idea to not use your personal e-mail address here, just as you Pro||jorlS 
wouldn’t really want to give out your personal phone number. When you’ve madę mi 
of dollars from selling your application, you’ll want to let someone else receive and jr|
with the e-mails from users. By setting up an application-support type of e-mail ad rSe,
advance, you can easily separate the support e-mails from your personal e-mails.
you can always change these values later if you need/want to.

http://android-developers.blogspot.com/2011/07/multiple-apk-supp%25c2%25b0r
http://developer.android.com/google/play/publish1n5
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Consent
With all these decisions madę, you must then attest that your application abides by 
Android’s Content Guidelines (basically no nasty stuff) and make a second attestation 
that the software is OK for export from the United States. US export laws apply(because 
Google’s servers are located inside the United States, even if you are outside o e ™ 
States, and even if both you and your customer are outside of the United Sta es. e 
that you can always choose to distribute your application through other channe s. en 
/our information is in and your graphics are uploaded, go ahead and click the ave u on' 
^his will prepare everything for your application to be ready to go live.
Tou can then publish your application by clicking the Publish button. Google Play Storę 
Will perform some checks on your application—for instance, checking your app ica lon s 
c®rtificate for the expiration datę, lf all goes well, your application will soon be avai a e or 
Download. Congratulations!

User Experience on Google Play Storę
The Play storę app has been available on devices for some time now, and it is available 
Over the Internet. Developers don’t have any control over how Google Play Storę works, 
°ther than to provide good text and graphics for their application’s listing in the Play tore. 
therefore, the user experience is pretty much up to Google. From a device, a user can 
search by keyword; look at top downloaded applications (both free and paid), featured 
aPplications, or new applications; or browse by categories. Once they find an application 
they want, they simply select it, which pops up an item details screen allowing them to install 

or buy it. Buying will take the user to Google Checkout to conduct the financial part ot the 
transaction. Once downloaded, the new application shows up with all the other applications. 

Fr°m the Internet web site for Google Play Storę (https://play.google.com), the user 
lnterface looks about the same, albeit much larger than most device screens. One difference 
's ^at the web-based Google Play Storę expects the user to log in to their Google account 
to use the Play Storę. This allows Google to connect your web experience on Google P ay 
|tore to your actual device. This means two things: when using the web site, Google Play 

t°re knows what applications are already installed on your device; and when you make a 
^Urchase on the Google Play Storę web site, the download can be sent to your device (or 

evices) and not to whatever Computer you happen to be browsing on.
Q°°gle Play Storę has an option to view downloaded applications in My Apps. This area 
contains all installed apps and any apps that you’ve purchased, even if you ve remove 

erri (perhaps you removed them just to make room for other applications). This means 
y°u could delete a paid app from your phone and then reinstall it later without having to 
ePUrchase it. Of course, if you opted for a refund, the app will not show up in My Apps.

list of apps in My Apps is tied to your Google Account used across all your devices.
's means you could switch to a new physical device and still have access to all the apps 

y°u’ve paid for. But beware. Since you might have multiple identities with Google, you mus 
. the exact same identity as before to get your apps on a new device. When viewing apps

My Apps any that have upgrades available will indicate this and allow you to ge e 
uPgrade.

https://play.google.com
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Google Play Store filters applications available to users. It does this in a number of ways- 
Users in some countries can only see free applications because of the commerce legalities 
involved for Google in that country. Google is trying hard to overcome commerce hurdles 
so all paid apps will be available everywhere. Until that time comes, users in some countries 
will be unable to access paid apps. Users with devices running older versions of Android 
will not be able to see applications that require a newer version of the Android SDK. Users 
with device configurations that are not compatible with the requirements of the application 
(expressed via <uses-feature> tags in the AndroidManifest.xml file) will not be able to see 
those applications. For example, applications not specifically supporting smali screens ca 
be seen in Google Play Store by users on devices with smali screens. This filtering is mos y 
intended to protect users from downloading applications that will not work on their device.

If you are purchasing apps in Google Play Store from other countries, your transaction 
may be subject to currency conversion, which can also carry an additional fee, unless the 
seller has specified pricing in your local currency. You’re really purchasing using the Goog 
Checkout from the seller’s country. Google Play Store will display an approximate amoun > 
but the actual charges could vary depending on when the transaction is placed and with 
which payment processor. Buyers may notice a pending transaction against their accoun 
for a smali amount (for example, US $1). This is done by Google to ensure that the payme 
information provided is correct, and this pending charge will not actually go through.
A few web sites are available that mirror the Google Play Store app listings. Shoppers can 
search, browse categories, and find out about Google Play Store applications over the 
Internet without having a device. This gets around the filtering that Google Play Store do 
based on your device configuration and location. However, this does not get apps onto y 
device. Examples of these mirror sites are www.androlib.com, and www.appszoom.com.

Beyond Google Play Store
Google’s Play Store is not the only gamę in town. You are not forced into using Google 
Store at all. You should consider utilizing other channels of distribution, not only to ma 
your app available to morę people in morę countries, but also to take advantage of ot 
payment processors and opportunities to make money.
There are Android app stores completely separate from Google Play Store, the biggest o^ 
which is probably Amazon. Other examples of Android app stores are http://mail-soc. 
apps, http://slideme.org, www.getjar.com, and https://f-droid.org/. From these si 
you can search, browse, find out about apps, and also download apps, either from a 
device or via a web browser. These sites don’t have to abide by Google’s rules, inclu i 
the transaction fees for paid apps and methods of payment. PayPal and other payme 
processors can be used to purchase apps on these separate sites. These sites also 
necessarily restrict by location or device configuration. Some of them provide an An 
client that can be installed, or in some cases may come preinstalled on a device. Use 
simply launch a browser on their device and find the app they want to download via 
site; when the file is saved to the device, Android knows what to do with it. That is to 
a downloaded .apk file is treated as an Android application. If you click it in the Down 
history of the browser (not to be confused with My Apps, covered earlier), you will be 
prompted to see if you want to install it or not. This freedom means you can set up y 

http://www.androlib.com
http://www.appszoom.com
http://mail-soc
http://slideme.org
http://www.getjar.com
https://f-droid.org/
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methods of downloading Android applications to users, even from your own web site and 
with your own payment methods. You must still deal though with collecting any necessary 
Safes tax and remitting it to the appropriate authorities.
^hile not restricted by Google’s rules, these alternate methods of app distribution may 
not offer the same sort of buyer protections that are found in Google Play Storę. It may be 
Possible to purchase an application through an alternate market that will not work on the 

uyer’s device. Buyers may be at greater risk of malware on the alternate markets. The
. uyer may also be responsible for creating backups, in case they lose the application from 

elf device, or for transferring applications if they switch to a new device.
'These other markets allow you to make money on the sale of each app. You’ve also got 

e ability within these other markets to implement alternate payment mechanisms, or to 
mplement ads and make money that way.
^member that Google does not restrict developers from selling their applications in multiple 

arkets at the same time they sell through Google Play Storę. So consider all your options 
0 make the most of your efforts.
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http: //developer .android. com/guide/practices/screens_support. 
html: The Developer Guide page “Supporting Multiple Screens,” which 
contains lots of good information on dealing with different screen sizes 
and densities.

http://developer.android.com/design/style/iconography.html: 
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piracy.

http://proguard.sourceforge.net/ : The main site for ProGuard, which 
includes documentation.
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Summary
You are now equipped to take on the world with your Android applications! Here is a 
rundown of the topics we covered in this chapter:

■ How to get established as a Google Play Storę Publisher (that is, 
Developer) so you can publish to Google Play Storę.

■ The rules as laid out in the Google Play Developer Distribution 
Agreement.

■ Giving Google its share of your revenue if you are selling through Google 
Play Storę. We also discussed how Google does not want to see 
competition from within the Play Storę.

■ Your responsibility for paying taxes on revenues from your applications.

■ The Google Play Storę refund policy, both the published and the real 
one.

■ How users can get copies of your application anytime in the futurę as 
long as they paid for it once.

■ The Android branding rules. Make surę you don’t violate any copyright 
associated with Android, images, or fonts.

■ The Developer Console and its features. The Developer Console collects 
user feedback and error reports from users.

■ Preparing your application for production, including testing, LVL and 
ProGuard to fight piracy, and using resource variations and tags in 
AndroidManifest.xml to filter which devices your application will be 
available to.

■ Advice regarding localizing your application by language and/or culture.

■ The Google Play Storę user interface, both on device and on the 
Internet/Web.

■ The fact that Google Play Storę is not the only gamę in town, and that 
you can sell your application in other places on the Internet, all at the 
same time.



Index
A

Accelerometers
coordinate system, 549
device angle, 554
display orientation, 550
gravity, 551
landscape modę, 549
magnetic field sensor, 555

AccountsFunctionTester, 630
ac°s0 method, 554
Action bar

definition, 151
list-based action bar, 155
search view widget

manifest file, 159
menu item, 157
searchable XML file, 158
search results activity, 158
search target, 159

standard action bar, 152
tabbed action bar, 154

ACTION-DOWN event, 500-501
ACTION_DRAG_ENDED, 525, 535
ACTION_DRAG_ENTERED, 525, 531,536
ACTION_DRAG_EXITED, 525, 531
ACTION_DRAG_LOCATION, 525, 531 
^CTION_DRAG_STARTED, 525, 535-536 
^TlON_DROP, 525
^T|ON_MOVE event, 501, 512
^cT|QN_up event, 492, 501
.cti^ity.getResourcesO, 51
ctivity.managedQuery() method, 603

T^ity.onCreateO, 615-616
Ąclapters

ArrayAdapter
createFromResourceO method, 102
notifyDataSetChanged() method, 103

class hierarchy, 99
Gallery Control, 116
GridView control

definition, 113
Java Implementation, 113
ListAdapter, 114
setContentView(), 114

ListView control
Accept User Input, 106
additional button, 108
code implementation, 104
doClickO method, 111
getCheckltemlds() method, 111 
getltemAtPosition() method, 111
LinearLayout, 109
ListActi vity, 109-110
makeText() method, 107
notifyDataSetChangedf) method, 107
onltemClick() method, 107
setListAdapter() method, 104
simple_list_row layout, 105
Ul definition, 108

SimpleCursorAdapter, 100-101
Spinner Control, 115

addProfileContact(), 646
AggregatedContact(), 636
Aggregated contacts, 623, 626, 636

cursor for, 631, 633
URI-based cursor, 636

definition, 632
listContacts(), 633
Lookup URI-Based Cursor, 634

Alarm manager
broadcast receiver, 365-366
Calendar object, 366
Intent Pointing, 367
Pendinglntent class, 367
persistence, 370

697



Alarm manager (cont.)
repeating alarm, 368
RTC time, 368
setExact() method, 370
set() method, 367
TestReceiver, 366

am.getAccounts(), 622, 630
@android\:id/empty, 615
@android\:id/listview, 615
Android activity life cycle, 45

activity callbacks, 50
Object onRetain

NonConfigurationlnstance(), 49
void onCreate, 46
void onDestroyO, 50
void onPause(), 48
void onRestart (), 49
void onRestorelnstanceState, 47
void onResumeO, 48
void onSavelnstanceState, 49
void onStart(), 47
void onStopO, 48

Android app stores, 694
Android architecture

calculator application, 30
ACTION_GET_CONTENT, 58
activity life cycle. Android activity 

life cycle
directory structure, 43
implicit/explicit, 60
intent activities, 57
intent/activities, 59
intents, 56
Programming Logic (see 

Programming Logic)
real device, 44
saving state, 61
Ul. User Interface (Ul)

finesse apps, 64
integration, 65
robust applications, 64
Ul essentials, 63

Android custom adapter
ManateeAdapter

GridView, 122
java implementation, 120
XML layout, 119

Android Development Tools (ADT), 2
Android eclipse environment

Android SDK, 5 
eclipse 4.2, 3 
installing ADT, 7 
JDK 2, 6 
PATH,6 
pointing ADT, 9 
tools window, 6 

Android Interface Definition
Language (AIDL) 

definition, 285
IStockQuoteService interface, 286 

bindService() method, 293 
Compiler-Generated Java File, 286 
implementation, 289 
MainActivity.java file, 291 
manifest declaration, 290 
ServiceConnection interface, 293 
StockOuoteClient, 291 
unbindService() method, 293

Messenger/Handler
Client activity code, 308 
client fragment code, 309 
sen/ice code, 306 

nonprimitive types, 294 
Parcelable interface

AndroidManifest.xml file, 300 
implementation, 295 
IStockQuoteService.aidl, 297 
MainActivity.java, 301 
main.xml, 301 
Person.aidl file, 297
StockQuoteService2 

implementation, 298
StockQuoteService2 layout, 29

Android layout managers 
definition, 130 
FrameLayout, 138 
GridLayout, 138 
LinearLayout 

gravity, 131
gravity us. Iayout_gravity, 133 
horizontal configuration, 130 
text fields, 132 
weight, 131
weight configurations, 132



lndex 699

RelativeLayout, 135
TableLayout, 134

AndroidManifest.xml file, 547, 684
Android resources 

application class, 54 
application context, 55 
arbitrary XML file, 53 
assets directory, 54 
directory structure, 51 
drawable XML resource file, 52 
Java codę, 52 
qualifiers, 55 
raw resource file, 53

Android RunTime (ART), 689
Android security model

digital certificate, 654
key pair, 654 
keystore, 654 
runtime security

Android manifest editor tool, 663 
features and resources, 662 
process boundary, 661 
required permission, 662
URI permissions, 664

si9ning applications 
adb tool, 660 
debug.keystore file, 656 
export wizard, 660 
installing updates, 660 
jarsigner tool, 657 
self-signed certificate, 654 
VeriSign, 654

. zipalign tool, 659 
^droid service

AIDL (see Android Interface Definition 
Language)

AsyncTask, 277 
iocal

AndroidManifest.xml file, 283
BackgroundService.java, 279 
bindService(), 277
Context.startService(), 278 
definition, 276 
displayNotificationMessage() 

method, 281
drawable file, 281
e-mail application, 277 
intentSen/ice, 285 
•nterrupt() method, 281

MainActivity, 282, 284
main.xmllayout file, 282
onBind() method, 280
onCreate() method, 280
onDestroy() method, 281
onStartCommand() method, 278
ServiceWorker class, 281
startld parameter, 281
startService(), 277
stop*() methods, 284
ThreadGroup class, 281

remote
bindService(), 277
definition, 276
language translation application, 277
RPC mechanism, 278

Android’s fundamental components 
activity, 12
AndroidManifest.xml, 13
AVD, 13
content provider, 13
fragment, 12
intent, 12
service, 13
view, 12

Android software deyelopment kit (SDK)
JDK, 1, 6
packages, 2
saving state

content providers, 563
external files, 562
internal files, 561
network storage, 563
O/R mapping libraries, 562
shared preferences, 559
SOLite, 562

tools, 2
Android studio

definition, 9
home screen, 10
Java installation, 10

Android styles
definition, 127
EditText, 127
parent style, 128
TextView, 126, 129

Android themes, 129
Android virtual device (AVD), 21,

406, 657, 683



700 lndex

animate() method, 377
Animation

API resource, 404
types, 373

AnimationBuilder, 397
AnimatiorSetBuilder, 394
AnimatorSet, 394
apk file, 689
Application Not Responding

(ANR), 267
Application programming interface

(API), 239
AppWidgetProviderlnfo class, 475 
argsBundle argument, 614
AsyncTask

activity pointer, 326
device rotation, 326
implementation

concrete types, 320
definition, 319
dolnBackground() method, 323 
execute() method, 321-322 
onPostExecute() callback

method, 324
onPreExecute() method, 322-323 
parameters, 319
progress dialog, 322-325 
publishProgress() method, 323 
source code, 320-321
thread pools, 326

managed dialogs, 327-328 
pseudocode, 317-318
retained objects and fragment dialogs

activity life cycle, 328 
AsyncTesterFragment

object, 333-335
attach() method, 332
fragment approach, 332 
key code snippets, 337-339 
layout file, 335-336 
onCreateDialogO method, 329-330 
onDestroyO method, 340
onRetainNonConfigurationlnstance() 

method, 328
onStart() method, 339 
pseudocode, 331
releaseResources() method, 340

retained headless fragment, 337
root RADO, 328
sampling, 336
setProgress() method, 329-330

AsyncTaskLoader, 608
autoPause() method, 463

B
BackgroundService’s onDestroyO 

method, 284
BaseAdapter, 119
BDayWidgetModel class, 489
bindService() method, 293
Birthday Widget, 473
Blue dot, 536
BooleanButton class, 495
Broadcast receiver

in-process receivers, 346
long-running sen/ices

abstract class, 354-355
ALongRunningReceiver, 357
code execution, 351
getLRSCIassO method, 356, 358 
handleBroadcastlntent() method,

362-363
IntentSen/ice, 352-354, 361-36 
LightedGreenRoom abstraction, 
nonsticky sen/ice, 360 
onCreate() method, 359 
onDestroyO method, 359 
onStartCommandO method, 35 
protocols, 351-352 
redeliver modę, 360 
sticky sen/ice, 360 
Test60SecBCR, 357 
Test60SecBCRService, 355-356

manifest file, 344-345
notification manager

monitoring, 347-348
sending notification, 348-350
startActivity() method, 350

out-of-process receivers, 346
sendBroadcast() method, 343-3
sendOrderBroadcast method, 36
TestReceiver2, 345-346

Broadcast receiversample code, 34



Index 701

c
Calendar.getlnstance(), 366 
c.closeO, 634-637, 644-646 
c-getColumnCount(), 632, 634-635 
c-getCount(), 635
Chronometer, 125
clearCheckO method, 91
Client application, 668
CHpData, 531, 535-536
C-moveToFirst(), 635-636 
cnamesBuffer.toString(), 632
Compatibility library

APls, 239
retrofitting, 245
tablets, 240
v4 support library, 240, 244
v7 support library, 240-241
v8 support library, 241,243
v13 support library, 241, 244

Complementary filters, 548
Configuration changes 

configuration factors, 198 
destroy/create cycle

FragmentManager, 201 
fragments, 200 
onCreate() callback, 200 
onRestorelnstanceState() callback, 

200
onSavelnstanceState() callback, 199 
putlnt(), 199 
putParcelable(), 199 
putString(), 199 
saveFragmentlnstanceState(), 201 
setlnitialSavedState(), 201 
setRetainlnstance(), 201

features, 198
getl_astNonConfigurationlnstance(), 202 
onConfigurationChangedO callback, 202 
°nRetainNonConfigurationlnstance(), 

202
Cl elements, 197

°hsuming services
Android (see Android sen/ice)
HTTP (see HttpCIient) 

^°htactData(), 645 
contact_entities_view database view, 630 
^°htacts API

accounts, 622
AccountsFunctionTester, 630
aggregated contacts, 636

cursor for, 633
URI-based cursor for, 636

contact_entities_view database
view, 630

Contact Provider Ul, 651
ContentProviderOperation

back references, 650
committing via yielding, 649
Container for, 648
definition, 648
optimistic locking, 650

controlling aggregation, 642
details adding, 640
group features, 651
personal profile

contact data, 645
data adding, 645
profile-based URis, 643
raw contacts, 644
reading/writing, 644

photo features, 651
raw contacts (see Raw contacts)
sync adapters, 647

Content providers
Android resources, 604-605
book database, 601
BookProvider content provider, 594
delete method, 600
implementation, 591
insert method, 600
MIME-type contracts, 599
projection maps, 599
query method, 599
register, 600
structure of, 590
update method, 600
UriMatcher class, 598

ContentValues, 565
ContentValues(), 641,646
CONTEXT_INCLUDE_CODE flag, 251
Context menu

onContextltemSelected(), 149
Populating, 148
TextView, 148

Context.NOTIFICATION_SERVICE, 349



702 lndex

CONTEXT_RESTRICTED flag, 250 
createPackageContext() API, 250 
createScaledBitmapO method, 124 
cursor

for aggregated contacts, 633 
URI-based cursor, 636 

CursorLoader, 608, 616

D
Dalvik Debug Monitor Sen/ice (DDMS), 431 
database views

contact_entities_view, 630 
dataRecord.toStringO, 645 
Data table, 625, 643 
describeEvent() method, 511 
DetailsFragment.java, 245 
Developer Console, 681 
DialogFragment

AlertDialogFragment, 211,215 
communication, 216 
construction

newlnstance() method, 207 
dismiss() method

implications, 210
onCancel() callback, 210 
onDismiss() callback, 210 

embedded dialogs, 215 
HelpDialogFragment, 211, 214 
MainActivity, 211-212 
MyDialogFragment, 206 
onCreateDialog (), 208 
onCreateView(), 207 
OnDialogDoneListener, 211,213 
PromptDialogFragment, 211,213 
show() method, 208

Dialogs
Android, 205
dialog fragments (see DialogFragment) 
toast, 216

Digital certificate, 654
DirectAccessBookDBHelper, 569 
Display.getRotation(), 550 
dolnBackground() method, 318, 323 
Dot.java, 527 
doWhenMaplsReadyO method, 413 
Drag-and-drop implemention

ACTION.UP event, 524

Android 3.0
ACTION_DRAG_ENDED, 525
ACTION_DRAG_ENTERED, 525
ACTION_DRAG_EXITED, 525
ACTION_DRAG_LOCATION, 525
ACTION_DRAG_STARTED, 525
ACTION_DROP, 525
DragEvent object, 525-526

ClipData, 531,535
custom view, 532
Dot, 520-522, 532
Dot.java, 527
DragShadowBuilder, 535
draw() method, 523
DropZone.java, 527, 529
dropzone.xml, 526, 528
FrameLayout, 520
invalidate() method, 536
layout_height, 521
layout_width, 521
layout XML, 520
LinearLayout, 520-521, 524
main.xml file, 520
ObjectAnimator class, 531 
onCreateView() method, 530 
onDrag(), 531,535 
onMeasure() method, 535 
palette.xml, 526, 528 
startDrag(), 535
TextView, 521,524
TouchDragDemo, 520-521 
user interface, 521, 527
View object, 521

DragEvent.getResult() method, 525
DragShadowBuilder, 535 
draw() method, 523, 535-536
DropTarget, 536
DropZone.java, 527, 529
dropzone.xml, 526, 528
Dynamie menus, 149

E
End User License Agreement (EU LA), 68° 

execute() method, 268, 271 
executeOnExecutor() method, 326 
Expanded menu, 146 
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onCreateView() method, 190 
persistence, 193 
portrait modę, 192 
putFragment() method, 187 
referencing fragments, 188 
saveFragmentlnstanceState() 

method, 188 
setContentView(), 192 
setRetainlnstance(), 188 
showDetails() method, 191 
TitlesFragment class, 189-190

FragmentTransactions 
findFragmentByldO method, 184 
FrameLayout, 184 
setCustomAnimationsO method, 185 
setTransition() method, 185 
showDetails() method, 184 
ViewGroup class, 184

life cycle, 172
newlnstance() method, 174 
onActivityCreated() callback, 176 
onAttach() callback, 174 
onCreateO callback, 174 
onCreateView() callback, 175 
onDestroyO callback, 177 
onDestroyView() callback, 177 
onDetach() callback, 177 
onlnflate() callback, 174 
onPause() callback, 176 
onResume() callback, 176 
onSavelnstanceState() callback, 177 
onStart() callback, 176 
onStopO callback, 177 
onViewCreated() callback, 175 
onViewStateRestored() callback, 176

setRetainlnstanceO, 177
Static Factory Method, 173 

setTargetFragment(), 194 
startActivity(), 194 
structure, 172 
tablet and smartphone Ul, 171 
tablet Ul, 170 
XML layout

DetailsFragment class, 181-183 
FrameLayout, 179 
getShownlndex() method, 182 
landscape modę, 178 
MainActivity, 180 
newInstanceO method, 182 
onCreateView() method, 182
Shakespeare class, 183

Frame-by-frame animation, 373 
addFrame() method, 376 
AnimationDrawable class, 375 
setOneShot(true) method, 376 
source code, 376

gatherControls(), 39
GCM Connection Servers, 668
Geocoding

definition, 418
latitude and longitude, 422-423
map fragment, 419-422
methods, 418

Geofencing
addProximityAlert() method, 443
GeofencingApiDemo, 443

geoMagField.getDeclination(), 555
Gestures

GestureDetector and
OnGestureListeners, 513

pinch gesture, 513
getActionBar(), 152
getAction() method, 506, 511
getContacts(), 633-636
getCount() method, 123
getEdgeFlags() method, 499
getFirstContact(), 636
getFragmentManager() method, 187, 245
getFragment() method, 187
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getFromLocationName() method, 418, 422
getHttpClient() method, 273
getltemld() method, 125
getltem() method, 124
getltemViewType() method, 123
getLastNonConfigurationlnstance(), 46
getMinDelay(), 545
getOrientation(), 555
getPointerCount(), 506
getProgressBar()method, 338
getQuaternionFromVector(), 556
getResult(), 537
getRotationMatrix(), 555
getSearchablelnfo, 160
getSupportFragmentManager(), 245
getView() method, 124
getViewTypeCount() method, 123
getXVelocity() method, 504
getYVelocity() method, 504
Google Cloud Messaging (GCM)

authenticating GCM
communication, 671

building Android application 
configure project 

dependencies, 671 
gcm.send() method, 676 
manifest properties, 672 
messagelD.incrementAndGet() 

method, 676
onCreate() method, 675
registerApplnBackground(), 675
registering, 673
sendMessage() method, 675
third-party sen/ice, 676

Client application, 668
components and message flow, 668
definition, 667
GCM API, 669
GCM Connection Servers, 668
Google Developer Console, 668
remote application sen/er, 668

Google Play Developer Distribution 
Agreement (GPDDA), 678

Google Play Sen/ices, 406
Google Play Storę

AndroidManifest.xml file, 684
apk file, 689

application icon, 686 
developer console, 681 
GPDDA rules, 678 
licensing sen/ice, 687 
localizing, 685 
ProGuard, 688 
publisher, 677 
screen sizes, 684 
testing, 683 
uploading 

consent, 693 
contact information, 692 
graphics, 690 
listing details, 690 
publishing options, 691

URI scheme, 687
user experience, 693

Gravity sensors, 556
Gyroscope sensor, 548

H
Handlers

AsyncTask class, 262 
DeferWorkHandler source codę, 

259-260 
definition, 257 
doDeferredWork() method, 260 
handleMessage, 257-259 
message object, 258 
obtainMessage() method, 261 
respondToMenultem() cali, 259 
setData() method, 261 
sleep method, 259 
worker thread, 262

HelloAndroidApp, 20 
artifacts, 22 
debugging tools, 26 
launch options, 27 
life cycle, 24 
real device, 21 
structure, 22 

hideProgressbar(), 615 
Home screen widgets

AppWidgetProvider class, 475 
BDayWidgetProvider class, 475, 
collections, 489
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configuration actiyity 
BDayWidgetModel object, 488 
BirthdayWidget, 473-474 
ConfigureBDayWidgetActivity, 484 
layout definition, 487 
tasks, 487

configure attribute, 477
definition, 471
files implementation, 481-482 
initialLayout attribute, 476 
onClick area, 481 
onDeleted() method, 478 
onDisabled() method, 478 
onEnabled() method, 478 
onllpdate() method, 478-480 
previewlmage attribute, 476 
resize modę attribute, 476 
uninstalling packages, 480 
user experience, 472-473
view mouse click event callbacks, 480 
widget instance deletion, 480 
widget provider

BDayWidgetModel, 489 
boundary box shape, 484 
ConfigureBDayWidgetActivity 

actiyity, 482-483 
implementation, 488-489 
layout file, 483

XML file, 475
howRawContactsDataForRawContact(), 642 
HttpClient

AndroidHttpCIient, 275
Apache version, 266
HTTP GET request

ANR, 267
HttpGetDemo.java, 266 
parameters, 267

HTTP POST request 
execute() method, 268 
HTTP POST cali, 268 
Multipart POST Cali, 269 
NameValuePair object, 268 
setEntityO method, 268 
UrlEncodedFormEntity object, 268

HttpURLConnection, 275
JSON, 271
multithreading issues 

BasicResponseHandler, 273

getHttpClient() method, 273
ThreadSafeClientConnManager, 272

protocol exceptions, 271
SOAP web sen/ice, 270
timeouts, 271,274
transport exceptions, 271
XMLPullParser, 271

Icon menu, 147
inflate() method, 175
insertName() method, 642
insertPhone() method, 642 
insertProfileRawContact(), 646 
insertRawContact(), 642
Interpolators, 382
interrupt() method, 281
invalidate() method, 536
invokePick(), 56
isEnabled() method, 124

J, K
Java file, 631
JavaScript Object Notation (JSON), 271
Java SE Deyelopment Kit (JDK), 1

LAUNCHER, 229
Layout animation

Acceleratelnterpolator, 382
Activity Code, 379
alpha.xml file, 381
Bouncelnterpolator, 383
interpolators, 382
list_layout.xml file, 380
ListView, 378
ListView XML file, 379
rotate XML file, 381
scalę animation XML file, 377
translate and alpha animations file, 381
types, 377
XML file, 380

License Verification Library (LVL), 687
Light sensor, 546
Linear acceleration sensor, 556 
listContacts(), 633-634 



listLookupUriColumns(), 634-635
ListPreference

entryValues array, 226
flight_sort_options_values

array, 227-228
user interface, 225
XML, 225-226

loaderCallbacks, 615
LoaderManager, 607
LoaderManager.destroyLoader 

(loaderid), 617
LoaderManager.initLoader(), 615
LoaderManager.LoaderCallbacks, 608
LoaderManager.restartLoader(), 615, 617
Loaders

activity/fragment, 607
activity loading data, 610
Activity.onCreate(), 615
API classes, 608
argsBundle argument, 614
AsyncTaskLoader, 608 
characteristics, 609 
cursor, 607
CursorLoader, 608, 618
developer-assigned unique number, 614
ListActivity, 615
ListActivity Layout, 613
load data, 614
loaderCallbacks, 615
LoaderManager Callbacks, 617
LoaderManager object, 607 
onCreateLoader() method, 615 
onCreate() method, 614 
onCreateOptionsMenu() method, 617 
onLoaderReset() method, 617 
onLoadFinished() method, 616 
resources, 618 
string resources, 609

Location-based sen/ices
AVD, 406
DDMS, 431
emulator console, 434
FusedLocationProviderApi, 440 
geocoding 

definition, 418 
latitude and longitude, 422-423 
map fragment, 419-422 
methods, 418

geofencing
addProximityAlert() method, 443
GeofencingApiDemo, 443 

getLastLocation() method, 425 
Google Directions, 434 
Google Play Sen/ices

GoogleClientApi client, 437 
intents launching, 439-440 
isGooglePlayServicesAvailable() 

method, 436
isUserRecoverableError() 

method, 437
onConnectionFailedO callback, 438 
showErrorDialogFragment() 

method, 437
tryToConnect() method, 435-437 

hasAccuracyO method, 434 
location providers, 427 
location updates, 429
MapFragment

coding, 411-412
FragmentActivity, 410
FrameLayout, 411 
location updation, 413 
map display, 410-411 
map tiles, 414 
map types, 414 
MyLocation, 414 
pan maps, 414 
traffic layer, 414 
WhereAml, 410 
zoom, 414

Maps API key
Google, 406
manifest file, 409 

markers „
CameraUpdateFactory class, 
LatLngBounds object, 417 
MarkerOptions features, 417 
MyMapFragment.java, 415-4 

onConnected() callback, 425 
requestLocationUpdates() metho , 
Settings.Secure class, 426 
static method, 434 
WhereAmILocationAPI, 423

LogCat, 498-499, 501
Long-running receivers and sen/ices 

abstract class, 354-355
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ALongRunningReceiver, 357
codę execution, 351
getl_RSCIass() method, 356, 358
handleBroadcastlntent() method, 

362-363
IntentSen/ice, 352-354, 361-362
LightedGreenRoom abstraction, 358
nonsticky sen/ice, 360
onCreate() method, 359
onDestroy() method, 359
onStartCommand() method, 359
protocols, 351-352
redeliver modę, 360
sticky sen/ice, 360
Test60SecBCR, 357
Test60SecBCRService, 355-356

Low-pass filter, 551

M
Magnetic field sensor

accelerometers, 555
compass, 554

MainActivity’s stopService() method, 284
Mapping.txt file, 689
Media APls

android.media.MediaPlayer class, 451
content formats, 451
Playing audio

AsyncPIayer, 464
AudioTrack, 465
create() method, 457
getExternalStoragePublicDirectory() 

method, 453
JetPlayer, 464
killMediaPlayer() method, 457
layout and codę, 453
onCreate() method, 456
playAudio() method, 456 
prepareAsync() method, 456 
release() method, 465
setDataSource() method, 452, 457
setl_ooping() method, 465
setVolume() method, 465
SoundPool, 459
stop() method, 457
user interface, 452

playing video, 465
SD Cards, 452

Menu.addSubMenuO, 147
Menu groups 

creation, 145 
removeGroup(), 145 
setGroupCheckableO, 145 
setGroupEnabled method(), 145 
setGroupVisible(), 145

Menu Inflater, 143
Menu Item

icon, 147
intent, 146
Java Codę, 144
listener, 146

Menu XML resource file
creation, 141
menu items, 143
populating activity, 142

MotionEvents
ACTION_CANCEL event, 498
ACTION-DOWN event, 492, 498
ACTION_MOVE event, 498-499
ACTION_OUTSIDE event, 498
ACTION_UP event, 492, 498-499, 502
LogCat records, 501
main activity, Java codę, 496 
onTouchEvent() method, 492-493 
onTouch() method, 500
recycle() method, 503
Returns False button, 499
setOnTouchListener() method, 492
TouchDemol application

Java codę, Button classes, 495
sample LogCat messages, 498
Ul, 494
XML layout file, 493

VelocityTracker, 503
Multitouch

ACTION_MOVE event, 512
ACTION_SCROLL, 513
ACTION_UP value, 512
getAction() method, 511
LogCat messages, 509
XML layout, 507

Musical Instrument Digital Interface 
(MIDI), 464
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newlnstance() method, 174
Non-configuration instance reference, 46
Non-streaming sensor, 545

0
ObjectAnimator, 395, 531
Object onRetainNonConfiguration 

lnstance(), 49
obtain(), 503
onAccuracyChanged(), 544 
onActivityCreated() callback, 176 
onAttach() callback, 174 
onBind() method, 280
onCheckedChanged() method, 85 
onContextltemSelected(), 149 
onCreate(), 46
onCreate() callback, 38, 174 
onCreateContextMenu(), 149 
onCreatel_oader() method, 615 
onCreate() method, 137, 280, 542, 614 
onCreateOptionsMenu() method, 

142, 144, 617
onCreateView().callback, 175 
onCreateView() method, 530 
onDestroyO callback, 177 
onDestroyO method, 281 
onDestroyView0 callback, 177 
onDetach() callback, 177 
onDragO, 531,535 
onHandlelntent()call, 353 
onLoaderReset() method, 617 
onLoadFinished() method, 616-617 
onLocationChanged() method, 430 
onMapReadyO callback, 413 
onMeasure() method, 535 
onMenultemCIickO, 146 
onOptionsItemSelectedO, 143, 146 
onPause(), 46
onPauseO callback, 176 
onPerformSyncO method, 647 
onPostExecute() callback method, 324 
onPreExecute() method, 318, 322-323 
onPrepareOptionsMenuO, 144, 149 
onProgressUpdate()method, 318 
onQueryTextchange() method, 617 

onReceive() method, 344 
onRestorelnstanceState(), 46 
onResumeO callback, 176 
onResume() method, 544 
onRetainNonConfigurationlnstanceO, 46 
onSavelnstanceState() callback, 177 
onScale(), 516
onSensorChanged() method, 544, 553
onStart() callback, 176
onStartCommandO method, 278
onStopO callback, 177
onTouchEventO method, 492-493, 501-50 > 

515, 523
onTouch() method, 499-502 
onUpdate() method, 479, 489 
onViewCreated() callback, 175 
onViewStateRestoredO callback, 176 
O/R mapping, 562

Packages 
library project 

compile-time concept, 251-252 
design, 252-253 
hard-coded constants, 254 
properties dialog, 253-254 
switch statement, 255

Linux user ID, 248-249 
manifest file, 247 
shared user ID, 249-250 
share resources and data, 250-251 

palette.xml, 526, 528 
parseResult(), 58
Pendinglntent class, 367
Pop-up menus, 150 
PreferenceActivity, 229 
Preferences

AndroidManifest.xml, 229 
application’s saved preferences, 

220-221
CheckBoxPreference, 222 
dependency, 231 
DialogPreference, 236 
EditTextPreference, 228 
flight_sort_option, 224 
getSharedPreferences() metho , 
headers, 231
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ListPreference (see ListPreference) 
main settings, 220 
main.xml, 224
MultiSelectListPreference, 229 
onCreate() method, 234 
OnPreferenceChangeListener 

interface, 234 
package name, 224 
PreferenceCategory, 230 
PreferenceScreens, 233 
setOptionText() method, 223-224 
string resource value, 224 
SwitchPreference, 222 
XML, 220

Pressure sensor, 547
Process model. See Packages 
Programming Logic 

activity class, 36 
AndroidManifest.xml, 40 
calculator buttons, 40 
gathering Controls, 39 
intent object, 41 
layout file, 38 
onClick() method, 40 
placement files, 42

ProgressBar, 125
ProGuard, 688
Property animation API 

activity, 393 
AnimatiorSetBuilder, 394 
AnimatorListener, 392 
AnimatorSet, 394 
AnimatorSetBuilder class, 396 
AnimatorSet class, 396 
class, 391
Key frames, 402
layout transition class, 403 
layout transition methods, 403 
ObjectAnimator, 395
PropertyValueHolder class, 398 
PropertyValuesHolder, 394 
toggleAnimation(View) method, 394 
Type Evaluator method, 394, 400 
^alue Animator, 392 
^iewPropertyAnimator, 394 
^iewPropertyAnimator class, 399 
xML file, 397-398 
xML tags, 397

PropertyValuesHolder, 394
Proximity sensor, 547 
publishProgressO method, 323

Q
query() function, 633
queueSound() method, 463

R
RatingBar, 125
RawContact(), 644 
Raw contacts

advantages and disadvantages, 625 
aggregated contacts, 626, 638 
ContactData.java, 639 
contact_entities_view, 629 
cursor, 637 
data table, 625 
definition, 623
RawContact.java, 636 
SOLite Database, 623 
structure of, 624 
view_contacts, 628 

rc.toStringO, 644 
ReceiveTransitionslntentService 

method, 446-447 
registerListener() method, 544 
Remote application server, 668 
Remote procedurę cali (RPC), 285, 278 
RemoteViews class, 476-477 
removeGroup(), 145 
requestLocationUpdates() method, 430 
Rotation vector sensor, 556

ScaleGestureDetector, 514
ScrollView, 125 
searchable.xml, 160
SearchManager.OUERY, 158 
sendBroadcast() method, 343-344
Sensors

accelerometers (see Accelerometers)
definition, 539
detection methods, 540
GeomagneticField, 555
getting sensor data, 545
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Sensors (cont.)
gravity sensor, 556
gyroscope sensor, 548
light sensor, 546
Light Sensor Monitor App, 543 
linear acceleration sensor, 556 
magnetic declination, 555 
magnetic field sensor, 554 
pressure sensor, 547 
proximity sensor, 547 
rotation vector sensor, 556 
Sensor List App 

java codę, 540 
output, 542

temperaturę sensor, 547 
types, 539

setContentView(), 38, 615
setCustomAnimationsO method, 185, 245 
setDataSource() method, 457 
setEdgeFlags() method, 499 
setEntity() method, 268
setGroupCheckable(), 145 
setGroupEnabled method(), 145 
setGroupVisible(), 145 
setlntent(intent), 146 
setMapType() method, 414 
setMeasureAHChildrenO, 138 
setMyLocationEnabled() method, 413 
setOnClickListener() method, 82 
setOnTouchListener() method, 492 
setRepeating() method, 369 
setResult(), 58
setRetainlnstance() method, 177 
setTabListener(), 154 
setTrafficEnabled() method, 414 
setTransition() method, 185 
setupButtons(), 39 
showAHRawContactsO, 637 
showAHRawProfileContactsO, 644 
showDetails() method, 245 
showProfileRawContactsDataO, 645 
showProgressbar() method, 615 
showRawContactsCursor(), 637 
Sleep method, 259 
SOAP web sen/ice, 270 
SpinnerAdapter interface, 155 
SQLException, 565
SOLite

database creation, 565
database migration, 569
DDLs, 569
deleting rows, 575
inserting rows, 570
packages and classes, 564
reading rows, 575
sample SOL codę, 588
SOLite sqlite_master Table, 588
transactions method, 577
updating rows, 574

SOLiteCursor, 564
SOLiteDatabase, 564
SOLiteOpenHelper, 565, 569
SOLiteOueryBuilder, 565
startDrag(), 535
Status bar, 347
stop*() methods, 284
Streaming sensor, 545
StringBuffer(), 632
Styles

Android-provided style, 166
attribute name, 165
collection of View attributes, 165
dynamie styling, 164
ErrorText.Danger, 166
error TextView, 165
parent and child style, 166
spannable, 164
static styling, 163

SubMenu, 147
SupportMapFragment, 410
System-level sen/ices, 427

■T
TabListener interface, 154
Temperaturę sensor, 547
testAccounts(), 630
Themes, 167
this.getACursor(getRawContactsUri(), 63 
this.mContext.getContentResolver(), 646 
Threads

Activity.startService, 257
broadcast receiver, 257
components, 255-256

TitlesFragment.java, 245
Toast, 216
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toString(), 637, 639
TouchDragDemo, 520
Touch screens

gestures
GestureDetector and

OnGestureListeners, 513 
pinch gesture, 513

MotionEvent object
ACTION_CANCEL event, 498
ACTION_DOWN event, 492, 498, 500
ACTION_MOVE event, 498-499
ACTION_OUTSIDE event, 498
ACTION_UP event, 492, 

498-500, 502
Java code, Button classes, 495
LogCat records, 501
main activity, Java code, 496 
onTouchEvent() method, 492-493 
recycle() method, 503
Returns False button, 499
sample LogCat messages, 498
setOnTouchListener() method, 492
Ul objects, 494
VelocityTracker, 503
XML layout file, 493

multitouch
ACTION_MOVE event, 512
ACTION_SCROLL, 513
ACTION_UP value, 512 
getAction() method, 511 
LogCat messages, 509 
XML layout, 507

Tansformation matrix, 383
^OeLayoutTop, 501
J^eening animation, 377
TWj\MBIENT_TEMPERATURE, 547
TypeEvaluator, 394, 400

*u
ubpateAppWidget function, 487
^bindSen/iceO method, 293 
uRl-based cursor

for aggregated contacts, 636
j^L parameter, 628

Ser interfaces and Controls
button Controls 

basie button, 81 
CheckBox, 85

click handler, 82 
ImageButton, 83 
lmage\/iews, 92 
RadioButton, 88 
switch, 88 
ToggleButton, 84 

datę and time Controls
AnalogCIock/DigitalCIock, 95 
DatePicker/TimePicker, 94

MapView, 97 
text Controls

AutoCompleteTextView, 79 
EditText, 78
MultiAutoCompleteTextView, 80 
TextView, 77

Ul deyelopment 
android.view.View, 70 
android.view.ViewGroup, 70 
code,71
XML, 74
XML with code, 74

User Interface (Ul) layout 
autogenerated IDs, 35 
background property, 34 
calculator XML, 32 
color resource, 34 
custom Controls, 33 
EditText control, 35 
file-based resources, 34 
TextView control, 35 
value-based resources, 34 
ViewGroup, 32-33 
width and height, 33
XML comment specification, 32

Utils.logThreadSignature()method, 353

V
ValueAnimator, 392
VelocityTracker, 503
View animation 

activity, 384 
AnimationListener 

class, 389
Camera object, 388 

pre and post translate 
method, 389 

rotate method, 389 
translate method, 388
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View animation (cont.)
class, 385
initialize method, 386
interpolatedTime, 386
ListView, 386
Matrix class, 388, 390

pre and post translate method, 390
Pre and Post translate pattern, 391

pre and post translate matrix, 387
setScale method, 386

ViewPropertyAnimator, 394
void onCreate, 46
void onDestroyO, 50
void onPause(), 48
void onRestart (), 49
void onRestorelnstanceState, 47

void onResume(), 48
void onStart(), 47
void onStopO, 48

W
WakefulIntentSen/ice, 354
WhereAml, 410
WhereAml Markers, 415
White dot, 536

X,Y
XMLPullParser, 271

ZIP file, 652
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