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Introduction

Hi there, and welcome to the world of Android game development. You came here to learn
about game development on Android, and we hope to be the people who enable you to realize
your ideas.

Together we’ll cover quite a range of materials and topics: Android basics, audio and graphics
programming, a little math and physics, OpenGL ES, an intro to the Android Native Development
Kit (NDK), and finally, publishing, marketing, and making money from your game. Based on all
this knowledge, we’ll develop three different games, one of which is even 3D.

Game programming can be easy if you know what you’re doing. Therefore, we’ve tried to
present the material in a way that not only gives you helpful code snippets to reuse, but actually
shows you the big picture of game development. Understanding the underlying principles is the
key to tackling ever more complex game ideas. You’'ll not only be able to write games similar

to the ones developed over the course of this book, but you’ll also be equipped with enough
knowledge to go to the Web or the bookstore and take on new areas of game development on
your own.

Who This Book Is For

This book is aimed first and foremost at complete beginners in game programming. You don’t
need any prior knowledge on the subject matter; we’ll walk you through all the basics. However,
we need to assume a little knowledge on your end about Java. If you feel rusty on the matter,
we’d suggest refreshing your memory by reading Thinking in Java, by Bruce Eckel (Prentice Hall,
2006), an excellent introductory text on the programming language. Other than that, there are no
other requirements. No prior exposure to Android or Eclipse is necessary!

This book is also aimed at intermediate-level game programmers who wants to get their hands
dirty with Android. While some of the material may be old news for you, there are still a lot of tips
and hints contained that should make reading this book worthwhile. Android is a strange beast
at times, and this book should be considered your battle guide.

XXv



XXVi Introduction

How This Book Is Structured

This book takes an iterative approach in that we’ll slowly but surely work our way from the
absolute basics to the esoteric heights of hardware-accelerated game programming goodness.
Over the course of the chapters, we’ll build up a reusable code base that you can use as the
foundation for most types of games.

If you’re reading this book purely as a learning exercise, we suggest going through the chapters
in sequence starting from Chapter 1. Each chapter builds off of the previous chapter, which
makes for a good learning experience.

If you’re reading this book with the intent to publish a new game at the end, we highly
recommend you skip to Chapter 14 and learn about designing your game to be marketable and
make money, then come back to the beginning and begin development.

Of course, more experienced readers can skip certain sections they feel confident with. Just
make sure to read through the code listings of sections you skim over, so you will understand
how the classes and interfaces are used in subsequent, more advanced sections.

Downloading the Code

This book is fully self-contained; all the code necessary to run the examples and games is
included. However, copying the listings from the book to Eclipse is error prone, and games do
not consist of code alone, but also have assets that you can’t easily copy out of the book. We
took great care to ensure that all the listings in this book are error free, but the gremlins are
always hard at work.

To make this a smooth ride, we created a Google Code project that offers you the following:

The complete source code and assets available from the project’s
Subversion repository. The code is licensed under the Apache License 2.0
and hence is free to use in commercial and nhoncommercial projects. The
assets are licensed under the Creative Commons BY-SA 3.0. You can use
and modify them for your commercial projects, but you have to put your
assets under the same license!

A quickstart guide showing you how to import the projects into Eclipse in
textual form, and a video demonstration for the same.

An issue tracker that allows you to report any errors you find, either in the
book itself or in the code accompanying the book. Once you file an issue in
the issue tracker, we can incorporate any fixes in the Subversion repository.
This way, you’ll always have an up-to-date, (hopefully) error-free version of
this book’s code, from which other readers can benefit as well.

A discussion group that is free for everybody to join and discuss the
contents of the book. We'll be on there as well, of course.

For each chapter that contains code, there’s an equivalent Eclipse project in the Subversion
repository. The projects do not depend on each other, as we’ll iteratively improve some of the
framework classes over the course of the book. Therefore, each project stands on its own. The
code for both Chapters 5 and 6 is contained in the cho6-mrnom project.
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The Google Code project can be found at http://code.google.com/p/beginnginandroidgames2.

Contacting the Authors

Should you have any questions or comments—or even spot a mistake you think we should know
about—you can contact either Mario Zechner, by registering an account and posting at
http://badlogicgames.com/forum/viewforum.php?f=21, or Robert Green, by visiting
www.rbgrn.net/contact.

We prefer being contacted through the forums. That way other readers benefit as well, as they
can look up already answered questions or contribute to the discussion!



Chapter

An Android in Every Home

As kids of the eighties and nineties, we naturally grew up with our trusty Nintendo Game Boys
and Sega Game Gears. We spent countless hours helping Mario rescue the princess, getting the
highest score in Tetris, and racing our friends in Super RC Pro-Am via Link Cable. We took these
awesome pieces of hardware with us everywhere we could. Our passion for games made us
want to create our own worlds and share them with our friends. We started programming on the
PC, but soon realized that we couldn’t transfer our little masterpieces to the available portable
game consoles. As we continued being enthusiastic programmers, over time our interest in
actually playing video games faded. Besides, our Game Boys eventually broke. ..

Fast forward to today. Smartphones and tablets have become the new mobile gaming platforms
of this era, competing with classic, dedicated handheld systems such as the Nintendo 3DS

and the PlayStation Vita. This development renewed our interest, and we started investigating
which mobile platforms would be suitable for our development needs. Apple’s iOS seemed like
a good candidate for our game coding skills. However, we quickly realized that the system was
not open, that we’d be able to share our work with others only if Apple allowed it, and that we’d
need a Mac in order to develop for the iOS. And then we found Android.

We both immediately fell in love with Android. Its development environment works on all the
major platforms—no strings attached. It has a vibrant developer community, happy to help you
with any problem you encounter, as well as offering comprehensive documentation. You can
share your games with anyone without having to pay a fee to do so, and if you want to monetize
your work, you can easily publish your latest and greatest innovation to a global market with
millions of users in a matter of minutes.

The only thing left was to figure out how to write games for Android, and how to transfer our PC
game development knowledge to this new system. In the following chapters, we want to share
our experience with you and get you started with Android game development. Of course, this is
partly a selfish plan: we want to have more games to play on the go!

Let’s start by getting to know our new friend, Android.



2 CHAPTER 1: An Android in Every Home

A Brief History of Android

Android was first seen publicly in 2005, when Google acquired a small startup called Android
Inc. This fueled speculation that Google was interested in entering the mobile device space. In
2008, the release of version 1.0 of Android put an end to all speculation, and Android went on to
become the new challenger on the mobile market. Since then, Android has been battling it out
with already-established platforms, such as iOS (then called iPhone OS), BlackBerry OS, and
Windows Phone 7. Android’s growth has been phenomenal, as it has captured more and more
market share every year. While the future of mobile technology is always changing, one thing is
certain: Android is here to stay.

Because Android is open source, there is a low barrier of entry for handset manufacturers using
the new platform. They can produce devices for all price segments, modifying Android itself

to accommodate the processing power of a specific device. Android is therefore not limited to
high-end devices, but can also be deployed in low-cost devices, thus reaching a wider audience.

A crucial ingredient for Android’s success was the formation of the Open Handset Alliance (OHA) in
late 2007. The OHA includes companies such as HTC, Qualcomm, Motorola, and NVIDIA, which all
collaborate to develop open standards for mobile devices. Although Android’s code is developed
primarily by Google, all the OHA members contribute to its source code in one form or another.

Android itself is a mobile operating system and platform based on the Linux kernel versions 2.6
and 3.x, and it is freely available for commercial and noncommercial use. Many members of the
OHA build custom versions of Android with modified user interfaces (Uls) for their devices, such
as HTC’s Sense and Motorola’s MOTOBLUR. The open source nature of Android also enables
hobbyists to create and distribute their own versions. These are usually called mods, firmware,
or roms. The most prominent rom at the time of this writing is developed by Steve Kondik, also
known as Cyanogen, and many contributors. It aims to bring the newest and best improvements
to all sorts of Android devices and breathe fresh air into otherwise abandoned or old devices.

Since its release in 2008, Android has received many major version updates, all code-named
after desserts (with the exception of Android 1.1, which is irrelevant nowadays). Most versions
of the Android platform have added new functionality, usually in the form of application
programming interfaces (APIs) or new development tools, that is relevant, in one way or another,
for game developers:

Version 1.5 (Cupcake): Added support for including native libraries in
Android applications, which were previously restricted to being written
in pure Java. Native code can be very beneficial in situations where
performance is of utmost concern.

Version 1.6 (Donut): Introduced support for different screen resolutions. We
will revisit that development a couple of times in this book because it has
some impact on how we approach writing games for Android.

Version 2.0 (Eclair): Added support for multitouch screens.

Version 2.2 (Froyo): Added just-in-time (JIT) compilation to the Dalvik virtual
machine (VM), the software that powers all the Java applications on Android.
JIT speeds up the execution of Android applications considerably —
depending on the scenario, up to a factor of five.



CHAPTER 1: An Android in Every Home 3

Version 2.3 (Gingerbread): Added a new concurrent garbage collector to the
Dalvik VM.

Version 3.0 (Honeycomb): Created a tablet version of Android. Introduced in
early 2011, Honeycomb contained more significant APl changes than any
other single Android version released to date. By version 3.1, Honeycomb
added extensive support for splitting up and managing a large, high-
resolution tablet screen. It added more PC-like features, such as USB host
support and support for USB peripherals, including keyboards, mice, and
joysticks. The only problem with this release was that it was only targeted at
tablets. The small-screen/smartphone version of Android was stuck with 2.3.

Android 4.0 (Ice Cream Sandwich [ICS]): Merged Honeycomb (3.1) and
Gingerbread (2.3) into a common set of features that works well on both
tablets and phones.

Android 4.1 (Jelly Bean): Improved the way the Ul is composited, and
rendering in general. The effort is known as “Project Butter”; the first device
to feature Jelly Bean was Google’s own Nexus 7 tablet.

ICS is a huge boost for end users, adding a number of improvements to the Android Ul and
built-in applications such as the browser, email clients, and photo services. Among other
things for developers, ICS merges in Honeycomb Ul APIs that bring large-screen features to
phones.|CS also merges in Honeycomb’s USB periphery support, which gives manufacturers
the option of supporting keyboards and joysticks. As for new APIs, ICS adds a few, such

as the Social API, which provides a unified store for contacts, profile data, status updates, and
photos. Fortunately for Android game developers, ICS at its core maintains good backward
compatibility, ensuring that a properly constructed game will remain well compatible with older
versions like Cupcake and Eclair.

Note We are both often asked which new features new versions of Android bring to the table for
games. The answer often surprises people: effectively no new game-specific features outside of
the native development kit (NDK) have been added to Android since version 2.1. Since that version,
Android has included everything you need to build just about any kind of game you want. Most new
features are added to the Ul API, so just focus on 2.1 and you’ll be good to go.

Fragmentation

The great flexibility of Android comes at a price: companies that opt to develop their own Uls
have to play catch-up with the fast pace at which new versions of Android are released. This can
lead to handsets no more than a few months old becoming outdated, as carriers and handset
manufacturers refuse to create updates that incorporate the improvements of new Android
versions. A result of this process is the big bogeyman called fragmentation.

Fragmentation has many faces. To the end user, it means being unable to install and use certain
applications and features due to being stuck with an old Android version. For developers, it
means that some care has to be taken when creating applications that are meant to work on
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all versions of Android. While applications written for earlier versions of Android usually run fine
on newer ones, the reverse is not true. Some features added to newer Android versions are, of

course, not available on older versions, such as multitouch support. Developers are thus forced
to create separate code paths for different versions of Android.

In 2011, many prominent Android device manufacturers agreed to support the latest Android
OS for a device lifetime of 18 months. This may not seem like a long time, but it’s a big step

in helping to cut down on fragmentation. It also means that new features of Android, such as
the new APIs in Ice Cream Sandwich, become available on more phones, much faster. A year
later, this promise hasn’t been kept, it seems. A significant portion of the market is still running
older Android versions, mostly Gingerbread. If the developers of a game want mass-market
acceptance, the game will need to run on no fewer than six different versions of Android, spread
across 600+ devices (and counting!).

But fear not. Although this sounds terrifying, it turns out that the measures that have to be taken
to accommodate multiple versions of Android are minimal. Most often, you can even forget
about the issue and pretend there’s only a single version of Android. As game developers, we're
less concerned with differences in APIls and more concerned with hardware capabilities. This is a
different form of fragmentation, which is also a problem for platforms such as iOS, albeit not as
pronounced. Throughout this book, we will cover the relevant fragmentation issues that might
get in your way while you’re developing your next game for Android.

The Role of Google

Although Android is officially the brainchild of the Open Handset Alliance, Google is the clear
leader when it comes to implementing Android itself, as well as providing the necessary
ecosystem for it to grow.

The Android Open Source Project

Google’s efforts are summarized in the Android Open Source Project. Most of the code is
licensed under Apache License 2, which is very open and nonrestrictive compared to other
open source licenses, such as the GNU General Public License (GPL). Everyone is free to use
this source code to build their own systems. However, systems that are proclaimed Android
compatible first have to pass the Android Compatibility Program, a process that ensures
baseline compatibility with third-party applications written by developers. Compatible systems
are allowed to participate in the Android ecosystem, which also includes Google Play.

Google Play

Google Play (formerly known as Android Market) was opened to the public by Google in October
2008. It’s an online store that enables users to purchase music, videos, books and third-party
applications, or apps, to be consumed on their device. Google Play is primarily available on
Android devices, but also has a web front end where users can search, rate, download, and
install apps. It isn’t required, but the majority of Android devices have the Google Play app
installed by default.
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Google Play allows third-party developers to publish their programs either for free or as paid
applications. Paid applications are available for purchase in many countries, and the integrated
purchasing system handles exchange rates using Google Checkout. Google Play also gives the
option to price an app manually on a per-country basis.

A user gets access to the store after setting up a Google account. Applications can be purchased
via credit card through Google Checkout or by using carrier billing. Buyers can decide to return
an application within 15 minutes of the time of purchase for a full refund. Previously, the refund
window was 24 hours, but it was shortened to curtail exploitation of the system.

Developers need to register an Android developer account with Google, for a one-time fee of
$25, in order to be able to publish applications on the store. After successful registration, a
developer can start publishing new applications in a matter of minutes.

Google Play has no approval process, instead relying on a permission system. Before installing
an application, the user is presented with a set of required permissions, which handle access to
phone services, networking, Secure Digital (SD) cards, and so on. A user may opt not to install
an application because of permissions, but a user doesn’t currently have the ability to simply
not allow an application to have a particular permission. It is “take it or leave it” as a whole. This
approach aims to keep apps honest about what they will do with the device, while giving users
the information they need to decide which apps to trust.

In order to sell applications, a developer additionally has to register a Google Checkout
merchant account, which is free of charge. All financial transactions are handled through this
account. Google also has an in-app purchase system, which is integrated with the Android
Market and Google Checkout. A separate APl is available for developers to process in-app
purchase transactions.

Google 1/0

The annual Google I/0 conference is an event that every Android developer looks forward to
each year. At Google I/0O, the latest and greatest Google technologies and projects are revealed,
among which Android has gained a special place in recent years. Google 1/0O usually features
multiple sessions on Android-related topics, which are also available as videos on YouTube’s
Google Developers channel. At Google 1/0 2011, Samsung and Google handed out

Galaxy Tab 10.1 devices to all regular attendees. This really marked the start of the big push by
Google to gain market share on the tablet side.

Android’s Features and Architecture

Android is not just another Linux distribution for mobile devices. While developing for Android,
you’re not all that likely to meet the Linux kernel itself. The developer-facing side of Android is a
platform that abstracts away the underlying Linux kernel and is programmed via Java.

From a high-level view, Android possesses several nice features:

An application framework that provides a rich set of APIs for creating
various types of applications. It also allows the reuse and replacement of
components provided by the platform and third-party applications.
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B The Dalvik virtual machine, which is responsible for running applications on
Android.

B A set of graphics libraries for 2D and 3D programming.

B Media support for common audio, video, and image formats, such as Ogg
Vorbis, MP3, MPEG-4, H.264, and PNG. There’s even a specialized API
for playing back sound effects, which will come in handy in your game
development adventures.

B APIs for accessing peripherals such as the camera, Global Positioning
System (GPS), compass, accelerometer, touchscreen, trackball, keyboard,
controller, and joystick. Note that not all Android devices have all these
peripherals —hardware fragmentation in action.

Of course, there’s a lot more to Android than the few features just mentioned. But, for your game
development needs, these features are the most relevant.

Android’s architecture is composed of stacked groups of components, and each layer builds
on the components in the layer below it. Figure 1-1 gives an overview of Android’s major
components.

APPLICATIONS

Contacts Phone

APPLICATION FRAMEWORK

Window Content

Activity Manager Manager Providers

Telephony Resource Motification

Package Manager Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Core Libraries

LiNUX KERNEL

Displa Flash Memo Binder (IPC)
DriEre:: Camera Driver Diriver - Diriver

g Audio Power
WiFi Driver Drivers Management

Keypad Driver

Figure 1-1. Android architecture overview



