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Preface

Computer technology is probably the closest thing to magic that has ever been
invented. What was once considered a supercomputer now fits comfortably
into a pocket, to be carried around wherever we go. Honestly, it sometimes
feels to me as if I0d become some weird character in a science fiction novel!

As a developer, however, the range and complexity of the devices we need to
target can be daunting. From low-end mobile phones to high-end desktop
computers, our software must be able to deal with it. Interaction might occur
via touch screen or mouse and keyboard; operating systems and market places
all have their unique requirements.

The Adobe AIR platform helps to deal with this diversity by providing a
consistent, cross-platform runtime. While it is not as popular today as it would
deserve, AIR is still one of the few technologies that truly lives up to the
promise "write once, run everywhere".

The Starling Framework extends this platform with an alternative display list
architecture that was designed from ground up for GPU rendering. It is flexible
enough to be used for all kinds of games and applications; used right, it can
provide smooth frame rates and gorgeous special effects, even on low end
hardware.

While StarlingOs footprint might be rather small, there is more to each of its
parts than meets the eye. Just like a good game, it is easy to learn, but hard to
master. Let me take you by the hand and walk you through it!
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What this book covers

No matter if you only just discovered Starling or if you are an old veteran, you
should get something out of this book.

1. We will start with the basics, like the history of Adobe AIR and how to set up
your development environment for Starling .

2. By creating a complete game from start to finish, you will get a basic feeling
of how all the different parts of the framework fit together.

3. We will then take a detailed look at each of those parts, as well as the best
practices to follow.

4. Once you are familiar with Starling, you are ready to learn some of the
more advanced techniques, like custom rendering code.

5. Mobile applications pose unique challenges; you will learn how to tackle
them in a true cross-platform way.

6. To provide your applications with a little bit of extra flavor, | will also show
you some recipes that make creative use of the API.

7. Finally, we will look at extensions and add-ons that extend Starling beyond
whatOs possible with the standard package.

Reader Feedback & Errata

| tried my best to make sure that this book provides a good mixture of topics
and is easy to follow!N!with as few errors as possible. However, mistakes do
happen, and IOm sure some of you will find shortcomings in grammar, typos, or
invalid code samples. If you find such a sore spot, 10d be grateful if you told me
about it! By doing so, you can help me improve subsequent versions of this
book.

Please send any comments to starling-handbook@gamua.comLet me know what
you think about this book!N!any feedback is welcome!
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Chapter 1. Getting Started

This chapter will provide you with an overview of Starling and the

technologies it builds upon. We will first take a brief look at the history of Flash
and AIR and how Starling came into being. Then, we will evaluate the tools and
resources that will help you when working with Starling. At the end of the

chapter, you will have your first "Hello World" example up and running.

1.1. Introduction

First of all: welcome to the Starling community! Since its first release in 2011,
developers from all over the world have created amazing games and apps with
the help of the little red bird. 1tOs great you want to join us!

You have come to the right place: this manual will teach all you need to know.
WeOll cover everything from 'A' like  Asset Management to 'Z' like, ehm, Zen-like
coding.

I will start from scratch, beginning with a small game that will give you a
feeling for the framework. Then weOll look at all the concepts in detail,
including the display list architecture and Starling®s animation system. Later
chapters contain information for advanced Starling users, like how to write
custom rendering code. Before you know it, youOll be a master of Starling!

However, there is one small precondition: you should have a basic
understanding of ActionScript 3 (AS3). Fear not: if you have used any other
object oriented language, you will get the hang of it quickly. There are
numerous books and tutorials available that will get you started.

If you ask me for one book in particular, | can recommend "Essential
ActionScript 3" by Colin Moock . When | started to work with AS3, it taught me
all the important nuts and bolts, and 10m still taking it off the bookshelf from
time to time (especially with AS30s weird E4X syntax for XML processing).
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AS3 vs. JS

Did you know that AS3was actually designed as a successor to JavaScript
(JS)?JSis an implementation of the  ECMAScript language specification;
and AS3is based on ECMAScript 4. However, due to mostly political
reasons, ECMAScript 4 was abandoned and never made it into browsers;
today, AS3remains the only implementation of the standard. Ironically,
though, modern versions of  JSlook more and more like AS3.

1.2. What is Adobe AIR?

Just a few years ago, AdobeOsFlash Player was omnipresent when browsing the
web. At that time, it was basically the only choice when you wanted to create
interactive or animated content for the web. Browsers had very limited
capabilities when it came to video, sound, and animation; and the few features
they had were plagued by browser incompatibilities. In short, it was a mess.

ThatOs why Adobe Flash was so popular. It allowed designers and developers to
create multimedia content in an intuitive authoring program (now called

Adobe Animate ), and ensured that it would look the same across all platforms.
With ActionScript 3 , it also featured a language that was both easy to learn and
very powerful.

Flash was originally created by Macromedia , which was
acquired by Adobe in 2005.

Building on the popularity of its platform, Adobe realized that there was a

demand to use the same technology for standalone applications that run

outside the browser. ThatOs what the Adobe AIR runtime is for. Applications
built with the  AIR SDK can be deployed as standalone applications that run on
desktop (Windows , macOS) or mobile ( Android , iOS). Its standard library is a
superset of the one from Flash, so you can do anything in AIR that you can do
in Flash; but it also provides a huge number of additional APlIs for things like

file system access or window management.

Of course, when you want to create a desktop application, you also need a way

to create a graphical user interface, right? Since standard Flash was not very

well suited for this task, this was moved into another SDK: Flex (now Apache
Flex). Flex also introduced an XML-based markup language (called MXML ) to
define user interface layouts.
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| For Starling, you donOt need Flex, just the AIR SDK.

1.2.1. The current state of Flash and AIR

At the time of its introduction, AIR was part of a trend summarized under the
term "Rich Internet Applications” ( RIA)!N!a buzzword that was all the rage in
the late 20000s. There was a fierce competition between AdobeOs AIR and
MicrosoftOs Silverlight (as well as SunOslavaFX). Fast forward to the present day,
though, and itOs apparent that the tides have turned. The winner is clearly
HTML5/JavaScript , which is now the most popular technology stack when
building applications with web technologies.

I wonOt sugarcoat it: the Flash Plugin is long past its peak!N!especially since
AdobeOs announcement [http:/ftinyurl.com/flash-eol ] that they will stop supporting
it after 2020. All popular browsers will probably remove the plugin altogether

at the same time.

Make no mistake, though: thatOs the Flash plugin weOre talking about here. AIR
is still seeing solid commitment, with regular releases and major feature

updates throughout each year. Mind you: as of June 2019, that commitment is

no longer coming from Adobe!N!but from Harman [https://services.harman.com/
partners/adobe ]. They have taken on the platform support and feature

development of AIR and are providing new versions on a commercial basis

(with a free version available for smaller companies).

Granted, it may no longer be the "cool kid" in town, but AIR is still an extremely
attractive platform to build software with:

¥ Compared to the fragmented world of ~ HTML5 , where trending libraries
change faster than Lady GagaOs costumes, it is very mature and easy to use.

¥ It comes with an extensive standard library that provides all the tools you
need for day-to-day development.

¥ Especially combined with ~ Starling and Feathers, it provides one of the
smoothest paths for true cross-platform development (targeting all major
desktop and mobile platforms with a single code-base).

Talking about Starling E how does it fit into this picture?
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When it comes to software development, donOt fall into the
trap of blindly following the masses. For every problem,
there are multiple solutions; some of them better suited than
others. Pick the tool you are most comfortable with; a tool
that gets out of your way and lets you focus on the software
you want to create.

1.3. What is Starling?

The Starling Framework allows you to create hardware accelerated apps in
ActionScript 3 . The main target is the creation of 2D games, but Starling may be
used for any graphical application. Thanks to Adobe AIR, Starling-based
applications can be deployed to all major mobile and desktop platforms.

O
P ~

Figure 1. This red little fella represents the logo of the Starling Framework.

While Starling mimics the classic display list architecture of Adobe AIR/Flash, it
provides a much better performance: all objects are rendered directly by the

GPU (using the Stage3D API). The complete architecture was designed for

working well with the GPU; common game development tasks were built right

into its core. Starling hides  Stage3D internals from developers, but makes it

easy to access them for those who need full performance and flexibility.

1.3.1. Why another display API?

As outlined above, Starling®s API is very similar to the native Flash API, namely:
the flash.display package. So you might ask: why go to all that effort to
recreate Flash inside E err, Flash?

The reason is that the original  flash.display  API, with its flexible display list,
vector capabilities, text rendering, filters, and whatnot, was designed in an era
of desktop computers. Those computers had powerful CPUs, but (by modern
standards) primitive, fixed-logic graphics hardware. TodayOs mobile hardware,

8 Chapter 1. Getting Started



on the other hand, has an almost reversed setup: a weak (i.e. battery-
conserving) CPU with a very advanced graphics chip.

The problem: itOs extremely difficult (if not impossible) to change an API that
was designed for pure CPU rendering to suddenly use the GPU efficiently. Thus,
such attempts failed spectacularly, and the Flash plug-in is nowadays
completely gone from browsers on phones and tablets.

To its credit, Adobe was very aware of this issue. ThatOs why, back in 2011, they
introduced a low level graphics APl called  Stage3D. That API is decidedly low-
level; itOs basically a wrapper of OpenGL and DirectX , allowing developers to
access the raw power of the GPU.

The problem: such a low-level API didn®t help users of the classic display list
much, at least not right away. The ~ Stage3D APl is as low-level as it gets, so itOs
nothing a typical developer can (or should!) directly work with when creating

an app or game. Clearly, Adobe needed a more high-level API, built on top of
Stage3D, but as easy to use as flash.display

Well E this is where Starling enters the stage (pun intended)! It was designed
from ground up for  Stage3D, while mimicking the classic Flash APl as much as
possible. This makes it possible to fully leverage todayOs powerful graphics
hardware, while using concepts countless developers are already familiar

with.

Adobe could have made such an API themselves, of course. However,
monolithic APIs built by big companies have the tendency to become big and
inflexible. A small open source project, on the other hand, powered by a
community of equal-minded developers, can act much more swiftly. ThatOs the
insight that led Thibault Imbert , product manager of the Flash and AIR
platforms in 2011, to initiate the Starling project.

To this day, Starling is funded and supported by Adobe.

There is an interesting blog article in which one of AdobeOs
engineers describes the reasons for supporting Starling

I instead of providing an accelerated version of the classic
display list. ItOs still available via archive.org [http://tinyurl.com/
why-starling ].
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1.3.2. StarlingOs philosophy

One of the core aims of Starling was to make it as lightweight and easy to use
as possible. In my opinion, an open source library should not only be easy to
use!Nlit should also encourage diving into the code. | want developers to be
able to understand whatOs going on behind the scenes; only then will they be
able to extend and modify it until it perfectly fits their needs.

ThatOs why StarlingOs source is well documented and surprisingly concise. With
a size of just about 15k lines of code, itOs probably smaller than most games that
are written with it!

I really want to emphasize that: if youOre one day stuck or
confused why your code isnOt working as expected, donOt

I hesitate to step into the source code of Starling. Oftentimes,
youOll quickly see whatOs going wrong, and youOll get a much
better understanding of its internals.

Another important goal of Starling is, of course, its close affinity to the display
list architecture. ThatOs not only because | really like the whole idea behind the
display list, but also to make it easy for developers to transition to Starling.

Nevertheless, | was never trying to create a perfect duplicate. Targeting the
GPU requires specific concepts, and those should shine through! Concepts like
Textures and Meshes aim to blend in seamlessly with the original API, just as if
it had always been designed for the GPU.

1.4. Choosing an IDE

As you have just read, Starling apps and games are built using the Adobe AIR
SDK. Technically, you could just use a text editor and the command line to

compile and deploy your code, but that®s not recommended. Instead, youOll
definitely want to use an integrated development environment ( IDE). That will
make debugging, refactoring and deployment much easier. Thankfully, there

are several to choose from. LetOs look at all the candidates!

The prices specified below were effective in April 2017.

Please check the product sites for the very latest prices and
plans.
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1.4.1. Adobe Flash Builder

Flash Builder is the official IDE from Adobe; you might also know it under its
former name Flex Builder . You can either purchase it as a standalone version
(in a standard and premium edition) or get it as part of a Creative Cloud
subscription.

Built upon Eclipse, it is a very powerful piece of software, supporting all the
features youOd expect, like mobile debugging and refactoring. The premium
edition even includes a very useful performance profiler.

Personally, | used Flash Builder for a very long time, and the Starling download
even comes with suitable project files. However, there is one caveat: Flash
Builder has apparently been abandoned by Adobe. The last update (version 4.7)
was released in late 2012, and it wasnOt particularly stable. There are no
indications that this situation will change anytime soon.

Thus, | can only recommend it if you are a  Creative Cloud user anyway
(because then, youOll get it for free), or if youOve got an old license lying around
somewhere. DonOt get me wrong: it has a great set of features, and you will get
stuff done with it. But you will have to live with occasional crashes, and

updating the AIR SDK is a chore.

Platforms Windows, macQOS.

Price USD 249 (Standard Edition), USD 699 (Premium Edition).

[ ] @ = Flash Profile - Starling-Demo-Webj/[source path] src/scenes/MovieScene.as - Flash Builder - [Usersjredge/Documents/Adobe Fla...

I E RS 308 @ | @& & | dE [ | ¢ Flm ey 55 [0 Flash Profile | B Flash

dtreciesebrpierr 2| = 0| (7 g @ weicome =0
2 Bs" public function MovieScene()

[ Starling-Demo-Web 1

frames:Vector.<Texture> = Game.assets.getTextures("Flight");

> 1 : Lo
%[scurce path] assets _movie = new MovieClip(frames, 15);

¥ (8 [source path] src

» {3 (default package) /7 add sounds
¥ {3 scenes stepSound:Sound = Game.assets.getSound("wing_flap");
» "1 AnimationScene as _movie.setFrameSound(2, stepSound);

» = BenchmarkScene.as
F-T;BlcndMuchEcreas /7 move the clip to the center and add it to the stage
» ™ CustomHitTestScene.as _movie.x = Constants.CenterX - int(_movie.width / 2);
- _movie.y - Constants.CenterY - ink(_movie.height / 2);
» =% FilterScene.as addChildC_movies]

» " MaskScene.as

"‘EMW'GS&E"S-ES /7 like any animation, the movie needs to be added to the juggler!
> Tl RenderTextureScene.as // this is the recommended way to do that.
» = Scene.as addEventListener(Event.ADDED_TO_STAGE, onAddedToStage);

b SpriteaDScene.as addEventListener(Event . REMOVED_FROM_STAGE, onRemovedFromStage);

b =7 TextScene.as ¥
[L problems 52 | B console ¥ =0
0 items
Description ~ Resource Path Locatic

e

Writable Insert 26:30
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1.4.2. IntelliJ IDEA

The next candidate might be called "the IDE to rule them all", because IDEA
supports a plethora of languages and platforms. AIR support is handled via the
plug-in "Flash/Flex Support".

IGve been using IDEA for quite a while, and | really like it (especially for its
powerful refactoring features). Feature-wise, it feels just like it was built for
AS3; all the important parts are in place.

Different to Flash Builder , the IDE receives regular updates. Unfortunately,
thatOs not the case for the Flash plug-in in particular, though. There are some
(minor) deficits that have been waiting for a fix for quite a while.

ThatOs all just nitpicking, though. 1tOs an excellent IDE, and itOs a great option if
youOre on macOS. The only caveat might be that JetBrains recently switched to
a subscription based pricing model, which might not be attractive for

everybody. (Check out the "perpetual fallback” option as a way around the

subscription, though.)

Platforms Windows, macOS.

Price For individuals: USD 149 (first year), USD 119 (second year),
USD 89 (third year onwards). Business licenses are more
expensive (USD 499/399/299 per year).

o @ Image.as - gamua - [~/Development/library/idea]
7 starling ) [« src ) [ starling ) [0 display ) (& Image.as ) 4 demo-mobile ~ | P § $ e S @E Q
B Project v @ = | #- I- (& DisplayObject.as & Image.as & sprite.as
# starling .
bin /** @private x/
. ol override protected function setupVertices():void
bin-debug
build if (texture && _scale9Grid) setupScale9dGrid();
doc else if (texture & _tileGrid) setupTileGrid();
else super.setupVertices();
src ¥
com.adobe.utils
starling /*x @private */
animation o override public function set scaleX(value:Number):void I
c?re super.scaleX = value;
display if (texture && (_scale9Grid || _tileGrid)) setupVertices();
& . BlendMode }
& % Button .
- /** @private x/
¢ = ButtonState of override public function set scaleY(value:Number):void
&+ Canvas {
& . DisplayObject super.scaleY = value;
# ., DisplayObjectCon if (texture && (_scale9Grid || _tileGrid)) setupVertices();
& % Image
& % Mesh /*x @private x/
# . MeshBatch of override public function set texture(value:Texture):void
- {
s
& = MovieClip if (value != texture)
&+ Quad {
& . Sprite super.texture = value;
# .. Sprite3D if (_scale9Grid && value) readjustSize();
] 147:29 LF$ UTF-8¢ Git:masters (B starling (lib) ta 8Q
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1.4.3. FlashDevelop

As much as | love working on macOS, hereOs an area where | occasionally envy

Windows users: they have access to an excellent free (open source) IDE for

Starling development: FlashDevelop. It has been around since 2005 and is still

seeing updates on a regular basis. If youOre into

Haxe, it has you covered, as
well.

Since 1Om primarily using macOS, | donOt have very much first-hand experience
with FlashDevelop; but from countless posts in the Starling forum, IOve heard

only good about it. Some people are even using it on the Mac via a virtual
machine (like Parallels).

Platforms Windows only.

Price Free and open source.

(Y sempleProject - Fi

File Edit View Search Debug Project Inset Refactor Tools Macros Syntag Help

BE - Jeml¥] © @~ 4k b Debug
Start Page LIS
1B -]
) SampleProject (AS3)
"y FLASHDEVELOP HOME DOCUMENTATION  RELEASE NOTES  ABOUT o0 b
THE QPEN SOURCE FLASH IDE -
@15 js
@ expressinstallsuf
g <+ indexhtml
RECENT PROJECTS FLASHDEVELOP.ORG - lib
& s
| sampleProject UNDOCUMENTED SHORTCUTS &F Mainas
\ Open Project... You probably didnt know al of them...
» New Project...
* Escape: Close the completion list and method cal-tip (or press Ctrl key to hide them).
*F1: when you see "..." in a (yelow) tip, you Can press F1 to see a more detaled tip.
* F4: g0 to Geclaration of element at cursor location.
CATEST\VERSION * Shift+Fa: Jump back after F or code generation.
4.0.0 RTH: Dovinioad here! Ctri+Space: contextual completion st - alo, press Tab to expand snippets ke or, Whie, ete.
‘e method call-tip with current methods signature)
* Cirl-AltSpace: (it all project classes (as after s or keywords ke ‘new’)
* CtrlsShift+1: contextual code generation
WELCOME TO FLASHDEVELOP
Vieicome to FlashDevelop, the .NET open source editor for Flash and web developers.
* Getting started with ASZ development
* Getting started with AS3 & haXe development
~ || Project | Outline % Bookmarks [ Files
Results 2 x
@ 0 Erors | [/, 0 Warnings | ([ 0 Messages || Fitter:
! Line  Description File Path
[ Logs || Layouts || 2 Output || & Tasks
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1.4.4. PowerFlasher FDT

Just like Flash Builder , FDT is built on the Eclipse platform. Thus, itOs a great
choice when moving away from  Flash Builder , since it all looks and feels very
similar. You can even import all your Flash Builder projects.

FDT does improve on Flash Builder in several areas; for example, you can
easily change the type of an existing project from Flash to AIR!N!something
that is impossible in  Flash Builder . It also supports several additional
languages, like HTML5/JavaScript , Haxe and PHP.

All'in all, itOs a very solid IDE. If you like Eclipse, you canOt go wrong with ~ FDT!

There is even a free edition available, which is a great way to
| get started. Contrary to what the product page suggests, you
can also use it for mobile AIR development.

Platforms Windows, macQOS.

Price Between USD 25 and USD 55 per month (depending on
contract length). Students and teachers may apply for
special terms.

@ [ ] = Flash FDT - HelloWorld/src/com/gamua/helloworld/HelloWorld.as - FDT - {Users/redge/Documents/FDT
=

= ECORN c B N7 W s ENCEN - T~ S0 5 B - B MY = Wt S N | 2 AR A E SR R = @

'Eg FDT Explorer &% =0 g“l Helloworld.as &2 Q Game.as QFDT Welcome Screen =l

aal= <)=={> T = v 1 package com.gamua.helloworld

¥ ig | HelloWorld
FIEAIR 22.0.0 (Air: 22.0.0.153, ASC .
> Hiis & public class HelloWorld extends Sprite
v Msrc
¥ (il com & private var _starling:Starling;
¥ (Gl gamua
¥ [l helloworld
(&) Game.as
(2 Helloworld.as

1@ import starling.core.Starling;[]

public function HelloWorld()
{

_starling = new Starling(Game, stage);

_starling.start();
¥ _{bin

B Hellowerld. swt
X HelloWorld-app.xml

1
1
}

B Outline 52 Ant = g
2 S R ¥ [% Problems 23 Tasks Console AsDoe

[l com.gamua.helloworld - Helloworlg O items
b “= import declarations Description ~ Resource Path Location Type
¥ (2 HelloWorld - com.gamua.hellowerid
o _starling : Starling
& HelloWorld(vaid) : void

Writable Smart Insert 12:51 1u000A \n
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1.4.5. Visual Studio Code

Visual Studio Code is a lightweight but powerful source code editor thatOs
available for all major desktop operating systems. While it does not support
ActionScript out of the box, there is an extension that makes it a viable (and
free!) alternative to the other IDEs.

The ActionScript & MXML  [https://as3mxml.com ] extension is being developed by
Josh Tynjala, who has also brought you the fantastic =~ Feathers user interface
components. It turns Visual Studio Code into a full-fledged ActionScript
development environment, including code intelligence features like auto-
completion, automatic class imports, comfortable debugging, etc.

YouOll be a little bit closer to the metal than with the other IDEs when it comes
to configuring your build process, but thatOs not a bad thing! | highly
recommend giving it a try.

Platforms Windows, macOS and even Linux.
Price Free and open source.

BlurFilter.as - src
EXPLORER BlurFilter.as X

4 OPEN EDITORS
BlurFilter.as starling/filters GEE A AT AT
4 SRC if (_strength == @) return super.createProgram();
» com
4 starling
> animation

4 core

vertexShader:String
starling_internal.as "m44 op, va@, vco

Starling.as "mov v@, val

StatsDisplay.as
vl, val, vc4.xyww"

> displa!
play v2, val, vcd.xyww"

> errors
> events "add v3, val, vc4.zwxx"
4 filters "sub v4, val, vcd.zwxx"
BlurFilter.as 1.join(*\n");
ColorMatrixFilter.as
CompositeFilter.as
DisplacementMapfFilt...
DropShadowfFilter.as
FilterChain.as
FilterHelper.as fragmentShader:String = [
FragmentFilter.as tex("fte", "vo", @, texture),
GlowFilter.as "mul ft5, ft@, fc@.xxxx ",

IFilterHelner as
Pmaster © @0AO0 Ln170, Col 38 Spaces: 4 UTF-8 LF NextGen ActionScript @
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1.4.6. Adobe Animate

If youOre a designer or a developer who has been using Flash for a very long
time, you might wonder where ~ Adobe Flash Professional is coming up in this
list. Well, here it is! If youOre not recognizing it, thatOs because Adobe recently
renamed it to Adobe Animate . That actually makes a lot of sense, since the new
name reflects a major change in its focus.  Animate is now a general-purpose
animation tool, supporting output not only to Flash, but also HTML5 , WebGL,
and SVGformats.

While you can use Animate for Starling, | wouldnOt recommend it. ItOs a
fantastic tool for designers, but it simply wasnOt built for writing code. YouOll be
much better off using it just for the graphics, and writing the code in one of the
other mentioned IDEs.

Platforms Windows, macOS.

Price Starting at USD 19.99 / month (for a "Single App" Creative
Cloud subscription).

1.5. Resources

We almost have all the building blocks in place now. LetOs see how to set
everything up so that we can finally get started with our first project.

1.5.1. AIR SDK

If you have picked and installed your IDE, the next step is to download the
latest version of the AIR SDK. Each new release typically contains several
important bug-fixes, which is especially important to maintain compatibility
with the latest mobile operating systems.

At the time of this writing (early 2020), the version of the SDK you need to use
depends on the platform you want to deploy to.

¥ For iOS and macOS, itOs recommended to use AIR 32, which is the final
major release from Adobe. It can be found here: Download AIR SDK from
Adobe [https://www.adobe.com/devnet/air/air-sdk-download.html ]

¥ For Android and Windows, you can use the newer AIR 33 (or higher), which
is being developed by Harman . Find it here: Download AIR SDK from
Harman [https://airsdk.narman.com/download ]
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By the end of the year, AIR 32 should become obsolete and you will be able to
use HarmanOs releases across the board. | recommend you keep an eye on the
latest release notes to find out which route to take!

1.5.2. Flash Player Projector

If your project also aims to run in the Flash Player, | recommend you get the
standalone version of it, called  Projector (available as Debug and Release
versions). The advantage of the projector is a much easier debugging
experience. Yes, you could also debug via the browser (after installing the
debug-version of the plug-in)!N!but personally, | find that extremely
cumbersome. The projector starts up much faster, and you donOt need to
configure any HTML files to get it going.

This page contains a list of all Flash Player versions suitable for developers.
Look for the "projector content debugger": Adobe Flash Player Debug
Downloads [https://www.adobe.com/support/flashplayer/debug_downloads.html ]

The debugger is significantly slower than the standard
' version. Keep that in mind when you are working on
performance optimization.

Your IDE might need to know how to find the correct player. For example, in
IDEA, this setting is part of the debug configurations screen; other IDEs might
simply use the system default. In any case, itOs important to always use a player
version thatOs equal to or higher than the AIR SDK version you compiled the
SWF with.

1.5.3. Starling

Now all thatOs left to download is Starling itself. You can choose between two
ways of doing that.

1. Download the latest release as a zip-file from the ~ Gamua website

[http://igamua.com/starling/download/ ]

2. Clone StarlingOsGit repository.

The advantage of the former is that it comes with a precompiled SWC file

(found in the folder starling/bin ) that is easily linked to your project. However,
youOll always only get the stable releases this way, which means youOre missing
out on the latest hot updates and fixes! For this reason, 10d rather advocate
using Git.

Chapter 1. Getting Started
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LetOs say you report a bug and it is fixed a few days later (yes,
that happens!): with the standard download, youOll have to

wait for the fix until IOm creating a new stable release, which
could be quite a while. When youOre using the ~ Git repository,
youOll have the fix right away.

Going into depths about  Git would exceed the scope of this manual, but youOll
find lots of great tutorials about it on the web. Once installed, Git can clone the
complete Starling repository to your disk with the following command:

git clone https://github.com/Gamua/Starling-Framework.git

This will copy Starling to the folder  Starling-Framework . Look for the actual
source code inside the sub-folder starling/src . All of the mentioned IDEs
support adding this folder as a  source path to your project, which will make
Starling part of your project. ThatOs not any more complicated than linking to
the SWC file; and as a neat side effect, you will even be able to step into
StarlingOs source on debugging.

But whatOs best about this approach is how easy it is to update Starling to the
latest version. Simply navigate into the repositoryOs directory and pull :

cd Starling-Framework
git pull

ThatOs much simpler than opening up the browser and manually downloading
a new version, isnOt it?

Some additional information for advanced Git-users:

¥ All day-to-day development in Starling happens on the
master branch.

¥ Stable releases are tagged (like v2.0,v2.0.1,v2.1).

¥ Each tag is marked as a Releaseon GitHub , at which time
IOIl also attach a precompiled SWC file.
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1.5.4. Getting Help

The best of us get stuck sometimes. You might hit a road block because of a bug
in Starling, or maybe because of a problem that seems impossible to solve.
Either way, the Starling community wonOt leave you alone in your misery! Here
are some resources that you can go to when you need help.

Starling Forum

ThatOs the main hub of the Starling community. With dozens of new posts
each day, itOs very likely that your problem has already been asked before,

so be sure to make use of the search feature. If that doesnOt help, feel free to
register an account and ask away. One of the most friendly and patient
communities youQll find on the web!

http://forum.starling-framework.org

Starling Manual

The online manual provides an extensive introduction to Starling. | try my
best to keep it updated for each new release.
" http://manual.starling-framework.org

Starling Wiki
The wiki contains links and articles about different Starling related topics,
and most importantly: a list of Starling extensions. We will discuss some of
those later.

http://wiki.starling-framework.org

API Reference

DonOt forget to consult the Starling API Reference for detailed information
about all classes and methods.
" http://doc.starling-framework.org

Gamua Blog

Keep up to date with the latest news about Starling via the Gamua blog. |
must admit IOm a little lazy when it comes to writing blog posts, but there
will always be at least one for each Starling release.

http://gamua.com/blog

Twitter

IOm using several social networks, but the best way to reach me is via @Gamua
Follow this account to get updates about new developments or links to other
Starling-powered games.

" https:/itwitter.com/Gamua
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1.6. Hello World

Phew, that was quite a lot of background information. ItOs time we finally get
our hands dirty! And what better way to do that than a classical "Hello World"
program. This manual wouldnOt be complete without one, right?

1.6.1. Checklist
HereOs a quick summary of the preparations you should already have made:

¥ Chosen and downloaded an IDE.

¥ Downloaded the latest version of the ~ AIR SDK.

¥ Downloaded the latest version of the  Flash Player Projector .

¥ Downloaded the latest version of ~ Starling .

¥ Configured your IDE to use the correct SDK and player.
Configuring the IDE and setting up a project is done slightly different in each
IDE. To help you with that, | created a specific how-to for each IDE in the

Starling Wiki  [http://wiki.starling-framework.org/manual/ ]. Please follow the
appropriate tutorial before you continue.

Admittedly, all of those set-up procedures are a pain. But
. bear with me: you only need to do this very rarely.

1.6.2. Startup Code

Create a new project or module in your IDE; | recommend you start with a
Flash Player project (target platform: ~ Web) with the name "Hello World". As
part of the initialization process, your IDE will also setup a minimal startup
class for you. LetOs open it up and modify it as shown below. (Typically, that
class is named like your project, so exchange the class name below with the
correct one.)
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package

import flash . display . Sprite ;
import starling . core. Starling ;

m m

[ SWEwidth ="400", height ='300", frameRate="60", backgroundColor="#808080")]
public class HelloWorld extends Sprite

{

[T ™ M [T

private var _starling : Starling ;

public function HelloWorld()
{

_starling = new Starling (Game stage);
_starling . start () ;

=7 [T [T [T > > T

This code creates a Starling instance and starts it right away. Note that we pass
a reference to the OGameO class into the Starling constructor. Starling will
instantiate that class once it is ready. (1tOs done that way so you donOt have to
take care about doing stuff in the right order.)

That class first needs to be written, of course. Add a new class called Gaméo
your project and add the following code:

package

import starling . display . Quad
import starling . display . Sprite ;
import starling . utils . Color;

> e

public class Gamesxtends Sprite
{
public function Gam@
{
var quad Quad= new Quad200, 200, Color. RED;
quad x = 100,
quady = 50;
addChild(quad ;

= [T M [T [T T > T T T M
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The class just displays a simple red quad to see if weOve set up everything
correctly.

Note that the Game class extends starling.display.Sprite ,

1" not flash.display.Sprite ! This is crucial, because weOre in
the Starling world now. 1tOs completely separate from the
flash.display  package.

1.6.3. First Launch

Now start up the project. For some of you, the output might be a little
anticlimactic, because you are seeing an error message like this:

Context3D not available! Possible reasons:

wrong wmode or missing device support.
In that case, it was probably the browser that opened up instead of the
standalone Flash Player. Check the run/debug configuration and make sure the

Flash Player Projector (debug version) is used, not the browser. That should fix
the problem.

Fixing the browser error

One day, though, youOll want to embed your SWF file into an HTML page. In

that case, you can fix the error by changing the wmodé&lash parameter to direct
in the HTML file that®s embedding the SWF file. Typically, this means you have

to make the following change:

/I find the following line ...
var params= {};

/... and add that one directly below:
params wmode= "direct ";

Fixing the AIR error

You will also see this error if you created an AIR application instead of an SWF
file. In that case, you will need to edit the AIR application descriptor, which is
probably called HelloWorld-app.xml or similar. Find the renderModeXML node
(which might be commented out) and change its value to direct .
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Find this:
<l-- <renderMode></renderMode> -->

Replace with this:
<renderModedirect </renderMode>

What weOve been doing here is allowing the runtime to
access the GPU. Without those changes, Stage3D is simply not
accessible.

1.6.4. Fixed Launch

Congratulations! You have successfully compiled and run your first Starling
based project.

Figure 2. Fantastic: a red Starling in a red box.

Seriously: the most daunting part now lies behind you. Finally, we are ready to
dig into a real project!

1.7. Summary

You should now have a basic understanding of Starling and the tools and
resources you will work with. You know how to acquire and install the Adobe
AIR SDK, and you picked the IDE that fits your needs best. The Starling-
powered "Hello World" application proved that everything is set up correctly.

1tOs time to jump into your first real game!
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Chapter 2. Flappy Starling

In this chapter, we are going to jump (flap?) right into the development of an
actual game. Along the way, you will get a peek at StarlingOs basic concepts. If
you donOt understand all the steps right away, donOt worry: we will look at the
details later. For now, it is more important to get a feeling for the framework,
and to enjoy the sense of achievement that comes with finishing a game.

2.1. The Blueprint

Flappy Bird is a phenomenon. Developed over the course of just a few days by
Vietnamese artist and programmer Dong Nguyen, it was released in 2013,
sharing the fate of countless other games of its kind: nobody noticed it.

That changed in early 2014, however. For reasons that remain a mystery, it
suddenly skyrocketed up the charts! At that time, the game was so successful
that it earned about USD 50,000 per day from its in-app advertisements. The
dream of every game developer come true, right?

At the height of this success, though, Dong pulled the game from the app stores.
He said that he had a bad conscience about getting people addicted to his game.
It only added to the hype, of course, and since then, countless clones of the
game have appeared on the stores.

Well, it©s time we made our own!

2.1.1. Setup and Gameplay

In all honesty: | admire this game. It demonstrates that itOs often the most
simple ideas that provide the most fun. Yes, it might be argued that itOs not the
most original game. Without question, though, it is definitely challenging and
addictive!

If you havenOt played it before, hereOs what Flappy Bird is about.
¥ A bird is flying through a side-scrolling landscape that could have been

taken right out of Super Mario Bros.

¥ Each time you touch the screen, the bird flaps up a little bit, fighting against
the constant pull of gravity.

¥ The playerOs job is to evade the obstacles that appear every few meters:
green pipes that leave only a narrow gap for the bird to pass through.
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¥ You score a point for every pair of pipes that the bird is passing. When you
fail, you restart from the very beginning.

Figure 3. The Original: Flappy Bird.

As simple as this sounds, itOs actually damn hard to score just a few
points!N!and thatOs what this game is all about: the challenge is to stay focused
and concentrated as long as possible, without making an error.

There®s nothing else: no growing difficulty curve, no fancy graphics; itOs just
you and the bird. And since each session just takes a few seconds, itOs perfect
for a mobile game.

Furthermore, itOs a game about a bird right? ThatOs reason enough to make this
the perfect example for our jump into Starling!

2.2. Starting Point

| set up a repository on  GitHub that contains all the source code for this game.
ThereOs agit tag for each step weOre going to take; that way you can follow
along easily. First, clone the complete project to your development computer.

git clone https://github.com/Gamua/Flappy-Starling.git

This will copy the game to the directory "Flappy-Starling”. Navigate into this
directory and checkout the tag  start .
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cd Flappy-Starling
git checkout start

This will revert the repository to the state we want to use to start off our
project. To get an overview about whatOs there, take a look at the main folders
within the project directory.

assets
The textures and fonts we are going to load at runtime. | prepared all the
elements we need to set up the game world, as well as a colorful bitmap font
that fits the style of the game.

lib
Contains the starling.swc library the game will use. | added it directly to the

repository so that you can be sure the code will always compile.

Src

The gameOs source code; we will spend most of our time here. Right now, it
only contains a few very basic classes, but we will build on that soon.

We are working on a pure  Flash Player project here (not
I AIR). That simplifies some things; after all, we want to focus
completely on the code in this chapter.

You now have to set up your IDE for this project.
¥ If you are using IntelliJ IDEA , youOre in luck: the repository contains
suitable project and module files (in the root directory).

# Open the complete project via  File YOpen or

# import the module into an existing project via  File YNew YModule
from Existing Sources

¥ For all other IDEs, please follow the setup procedures shown in the
previous chapter.

# Be sure to create a project for the  Flash Player (not AIR), using pure
ActionScript 3 .

# Link lib/starling.swc  to the project, or use your local version of
Starling.

# The file FlappyStarling.as contains the main/startup class.
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Once everything is set up, | recommend you compile and run the project. If
your Flash Player fills up with a light blue color, you have succeeded.

The project already contains all the basic setup code for Starling so that we
donOt have to start from zero. Take a look around; itOs really not much code yet!
Basically, weOre just setting up Starling (just as we did inthe  Hello World
example) and load the assets.

2.2.1. The Game class
1tOs time to look at the root object that is going to host ~ Flappy Starling .

Game.as

import starling . display . Sprite ;
import starling . utils . AssetManager

public class Gamesxtends Sprite !

{
E private static var sAssets: AssetManager

E public function Gam@
E {1}
E public function start (assets: AssetManage): void "
E {
E sAssets = assets;
E }
E public static function get assets() : AssetManager#
E {
E return sAssets;
E }
}
I The class extends starling.display.Sprite . 101l explain that in just a minute.

The start method will be called from the startup-class. It also passes us all
our assets.

# For convenience, | added a static property that allows us to access the assets
from anywhere via a simple callto =~ Game.assets
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As you can see, there isnOt that much going on yet. All we are doing at the
moment is storing a reference to the  AssetManageiinstance thatOs passed to us
from the startup class.

The AssetManager

Wait, | havenOt introduced you to the  AssetManager yet!
ThatOs a very nice helper class that comes with Starling. You
can stuff all kinds of game assets into it, for example
textures, sounds, fonts, etc. That way, you donOt have to
manually load your assets when you need them, but can
simply access them via their name.

At this state, our AssetManager instance already contains all the assets we
need. The startup class ( FlappyStarling ) made those preparations for us.

Time to add some content to our game! IOm getting bored of this empty blue
canvas. Modify the start method like this:

public function start (assets: AssetManage): void
{
E sAssets = assets;

var skyTexture: Texture = assets.getTexture ("sky"); !
var sky: Image = new Imagd skyTexture); "

sky.y = stage. stageHeight - skyTexture. height; #
addChild(sky); $

=7 [T M [T TH

I Get a reference to the sky texture from the  AssetManager .
" Create an image with that texture.

# Move the image to the very bottom of the stage.

$ Add the image to the stage.

When you type that code, be careful when you come to the Texture keyword.

There are several classes named Texture, and your IDE will probably ask you
which one you want to import.
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public function start{assets:AssetManager):void

{

}

sAssets = assets;

var skyTexture:Texture

public static

return sAs

% & Texture (flash.display3D.textures) air-21
& & Texture (starling.textures) starling.swc
&5 TextureAtlas (starling.textures) starling.swc
& % TextureBase (flash.display3D.textures) air-21
& TextureOptions (starling.textures) starling.swc
& % TextureSmoothing (starling.textures) starling.swc
& % ConcretePotTexture (starling.textures) starling.swc
& % ConcreteRectangleTexture (starling.textures) starling.swc
&5 ConcreteTexture (starling.textures) starling.swc
& % ConcreteVideoTexture (starling.textures) starling.swc
A0S FikaToawsimn [ Flaek ddmrnl 2020 Savkoeae | mde 1

Use 1138« to syntactically correct your code after completing (balance parentheses etc.) == 10

Figure 4. Choosing the correct package.

When working with Starling, you will usually need to pick a class from the
starling package. Otherwise, the IDE will import the wrong class, and you will
run into weird errors. If you accidentally picked the wrong class, itOs easy to fix:
just delete that import statement at the top of the file and try again.

When done right, your IDE will add the following import at the top of the file:

import starling .textures . Texture;

30
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In the source code samples of this book, IOm normally
omitting the import statements to save space. If you run into
a compile error even though you typed the code correctly, itOs
always a good idea to check your imports.
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Figure 5. The gameOs background image is in place.
Finally, we have drawn something to the screen! But how did we do that?

¥ First, we fetched a reference to the sky texture from the AssetManager . In
Starling, a Texture stores the pixels of an image (similar to the  BitmapData
class in classic Flash).

¥ Then, we wrapped that texture in an Imageinstance (think Bitmapin classic
Flash). ThatOs one of several classes that inherit from
starling.display.DisplayObject INIthe building blocks of everything you see
on the screen.

¥ Now, itOs just a matter of moving it to the right position (via the x- and y-
coordinates) and adding it to StarlingOs display list (via  addChild).

It might be necessary to clarify how we moved the texture to the bottom of the
screen. The x- and y-coordinates control the position of an object relative to its
parent. If we left both coordinates at 0O, the image would appear at the top left.
ThatOs because in Starling, the coordinate system looks like this:
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Figure 6. StarlingOs coordinate system has its root at the top left.

We also accessed the stage object and queried its height. The  Stage describes
the area to which everything is rendered; it is the very root of StarlingOs display
list (and parent of the Game instance we are working with right now).

Don®t confuse this stage with the one provided by "classic"
Flash. Starling manages its own, completely separate display
list.

2.3. Organizing the Code

1tOs nice that there is something on the screen now!N!but before going on, we
need to ponder a little bit about how weOre going to organize all of the code
weQre going to write.

Of course, we could put all of our game elements right into the Game class, but
thatOs going to get messy quickly. Instead, itOs a good idea to split the game up
into logical units; each with a very limited responsibility.

After all, weOre not only going to create this landscape with the flying bird, but
also a title screen, maybe a leaderboard, etc. But how should we organize all
these elements?

2.3.1. Introducing: The Sprite

You have already seen this class before: our Game class is extending Sprite.
This class is one of the most important building blocks within Starling. 1tOs a
container that can group together multiple elements.

HereOs a simple example showing a typical use-case of a sprite:
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var body. Image = ... ;
var tail :lmage= ... ;
var beak Image = ... ;

var bird : Sprite = new Sprite () ;
bird . addChild(body) ;
bird . addChild(tail );
bird . addChild(beak) ;

addChild(bird ) ;

The bird object now contains body, tail and beak, grouped together in one
object. When you want to move around the bird, you just have to change the x-
and y-coordinates of the bird instance; all child elements will move with it.

If you want the bird sprite to be reusable, you could also use the following
approach:

public class Bird extends Sprite !

public function Bird ()

{
var body. Image = ... ;
var tail :Image= ... ;
var beak Image= ... ;

> T [T T m

addChild(body); "
addChild(tail ):
addChild(beak) ;

=7 [T M >

var bird : Bird = newBird () ; #
addChild(bird );
I Create the Bird class so that it extends Sprite.

Just like before, weOre adding some child objects; here, we are doing it in the
constructor.

# Instantiate and use the bird sprite like this.

ThatOs a very common pattern when working with Starling. One might even
argue that this is your main task as a developer: to organize your display
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objects hierarchically by grouping them into sprites (or other containers), and
to write the code that glues everything together.

As mentioned above, the Game class is our top-level sprite. 1tOs going to be the
controller that manages whatOs going on at the highest level. The other
elements will follow the lead; one of them is the World class.

2.3.2. The World class

The World class is going to deal with the actual game mechanics. When the
Game tells it to launch the bird, it will do just that; and when the bird crashes
into an obstacle, it will notify the Game and will wait for instructions about
how to go on.

For starters, create that new class and add the following code:
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World.as

public class World extends Sprite

private var _width: Number
private var _height: Number

m m

public function World(width : Number height : Numbér
{

_width = width; !

_height = height ;

m m e m

addBackgroun¢) ; "

m m

}

private function addBackgroung : void
{
var skyTexture: Texture = Gameassets. getTexture ("sky"); #
var sky: Image = new Imag€ skyTexture) ;
sky.y = _height - skyTexture. height ;
addChild(sky) ;

m> me T m> me e

var cloudl: Image = new Imagdg Gameassets. getTexture ("cloud-1")) ;
cloudl.x = width * 0.5;

cloudl.y = _height * 0.1;

addChild(cloudl);

m me m m

var cloud2: Image = new Imagdg Gameassets. getTexture ("cloud-2")) ;
cloud2.x = _width * 0.1;

cloud2.y = _height * 0.2;

addChild(cloud2);

=7 [ [T [T M [T

I ladded width and height arguments to the constructor. That way, the =~ Game
class can pass in the stage dimensions.

The code that creates the sky texture was moved into a separate method.
While | was at it, | also added two clouds to the sky to make it look a little
more interesting.

# Thanks to the static assets property on the Game class, we can easily access
our textures without passing the  AssetManager instance around.
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Relative Positioning

Right now, we are creating a Flash game with a fixed size of
320x480 pixels. However, 10d like to port the game to mobile,
later.

Mobile devices have all kinds of different screen sizes, so itOs
a good idea to take that into account right away. IOm doing
that by working with relative instead of absolute positions.

/I bad: fixed position
_cloudl. x = 160

/I better: relative position

_cloudl. x = _width * 0.5;

WhatOs left to do, of course, is to reference this new class from  Game.as. HereOs
how it should look like now:

Game.as

public class Games=xtends Sprite

{

E private static var sAssets: AssetManager

E private var _world: World; !

E public function Gam@

E {1}

E public function start (assets: AssetManagey: void
E {

E sAssets = assets;

E _world = new World( stage. stageWidth, stage.stageHeight); "
E addChild(_world);

E )

E public static function get assets() : AssetManager
E {

E return sAssets;

E }

}
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I Add a new member variable.

" Instantiate the new class (passing the stage dimensions along) and add it to
the stage.

Compile and run to check if everything worked out. Except for the two
inconspicuous new clouds, it should look just like before.

[ ] @ /Users/redge/Dropbox/Development/s...

Figure 7. Our refactoring didnOt change the look of our game much.

2.4. Adding the Bird

1tOs a game about a bird, so letOs finally add the hero to our game. Our assets
contain three textures that illustrate a flapping red bird. ThatOs all we need for

- &

Figure 8. The three frames of our bird movie.

a neat flapping animation.

~
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Just like in classic animation movies, we will display those images in quick
succession to create the illusion of movement.

2.4.1. The MovieClip class

To do that, we first create a Vector of Textures that references the frames of our
animation.

var birdTextures : Vector. <Texture> = Gameassets. getTextures ("bird-" );
birdTextures . push(birdTextures [1]) ;

The textures we are looking for are named bird-1 , bird-2 , and bird-3 . To get
those textures from the AssetManager , the getTextures method comes in
handy; it returns all textures with a name that starts with a given string (sorted
alphabetically). The middle frame is supposed to be reused for the upward-
movement of the wing, so | added another reference to that texture to the very
end of the vector.

To actually display those animation frames, let me introduce you to the
MovieClip class. It works very similar to an  Image (it extends that class), with
the difference that it changes its texture over time.

LetOs try this out in our World class. Make the following modifications:
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private var _bird : MovieClip; !

public function World(width: Number height : Numbeér

{

E /*..%

E addBackgroung) ;
E addBird(); "

}

private function addBird() : void

var birdTextures : Vector. <Texture> = Gameassets. getTextures ("bird-" );
birdTextures . push( birdTextures [1]) ;

m m

_bird = new MovieClip(birdTextures ); #
_bird . pivotX = 46; $

_bird . pivotY = 45

_bird . x = _width / 3; %

_bird .y = _height / 2;

m m» M m m

addChild(_bird );

I Add a new member variable referencing the bird.
" Add a new helper method that creates the bird.

# Create the actual MovieClip .

$ Move the bird®s pivot point to the center of its body (see below).

% Move the bird itself to its starting point, a little left of the center of the

screen.

As you can see, the creation of the MovieClip is quite straight-forward; you
simply pass the Vector of textures to its constructor.

Chapter 2. Flappy Starling 39



Pivot Points

The code also introduces the concept of  pivot points . Per
default, the origin of all display objects is at the top left (just

as the stageOs origin is at the top left). Via the pivotX and
pivotY properties, you can move that origin (the pivot point)
to a different location.

n
Above, we are moving the pivot point to the center of the

bird®s body, which has two advantages:

1. Should we want to rotate the bird later, it will rotate
around its center.

2. It will simplify the collision detection code we need to
write a little later.

Run the project now to see the bird airborne!

[ ] @ /Users/redge/Dropbox/Development/s...

Figure 9. The bird is in the air.

Something seems to be wrong, though: there is no flapping animation, just a
static image!
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ThatOs because theMovieClip doesnOt have any information about the passage
of time yet; and without that information, it will simply stick to the very first
frame.

In this case, we want to have full control over the birdOs animation, so we will
update it manually once per frame. LetOs do this by adding the following
method to the World class:

public function advanceTimépassedTimeNumbeér: void

~

E _bird . advanceTimépassedTime;
}

The advanceTimanethod moves the playhead forward by the given time. Thus,
we want this method to be called once per frame, and the passedTime
parameter needs to contain the time passed since the previous frame. Sounds
like a job for our Game class, right? Open it up and add the following code:

public function start (assets: AssetManage): void

{

E /[*x..7%

E addEventListener (Event. ENTER_FRAMIBENterFrame;
}

private function onEnterFraméevent: Event, passedTimeNumbér: void

~

E _world. advanceTimépassedTime;
}

This code introduces a concept that hasnOt been mentioned before: events. We
will look into that topic in detail a little later, but that code should be rather
intuitive. We listen to an ENTER_FRA@¥ENt, which is a standard event thatOs
dispatched once per frame to every display object. As a result, the method
onEnterFrame(the event handler) will be called repeatedly.

The event handler also contains an argument called passedTimewhich is just
what we need in the advanceTimemethod we just defined on  World .

Which means that everything is in place to get that bird flapping! Compile and
run the code now to see it in action.
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2.5. Scrolling

Right now, the bird is flying in empty space. We will now add some grassland
below to give the player some sense of the birdOs height and movement. LetOs
start with the following additions to the World class:

private var _ground Image !

public function World(width: Number height : Number

{

E /~.%

E addBackgroung) ;
E addGroung ; "
E  addBird() :

}

private function addGroung) : void

{

E var tile :Texture = Gameassets. getTexture ("ground");
_ground = new Imagedtile ); #

_ground y = _height - tile .height;
addChild(_ground);

=7 [T M M

I Add a new member variable referencing the ground.
" Add a new helper method that creates the ground.

# Create the ground image and move it to the bottom.

ThatOs quite straight-forward. The result will ook like this:

Figure 10. The first tile of the ground.

Oops! That ground tile is way too short for the width of the screen. It occupies
just a small area at the very left. However, that texture supports tiling, i.e.
when you add the same image over and over, it will fill up seamlessly.
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One way to fill up the floor would be to simply create several of those images
and put them all next to each other. ThatOs what you would do in most game
engines.

However, there is an even simpler way: StarlingOs  tileGrid . ThatOs a property
that is defined on the Imageclass, and as its name suggests, it was built exactly
for the purpose of filling an image with tiles.

It works like this: you assign a rectangle that indicates where a single tile
should be placed. Starling will then fill out the rest so that the complete area of
the image repeats that pattern.

With that in mind, we modify the code of the addGroundmethod slightly.

_ground = new Imagdtile );

_ground y = _height - tile .height;

_ground width = _width; !

_ground tileGrid = new Rectangle(0, 0, tile .width, tile .height); "

I Make the image as wide as the stage.

" Assign a rectangle that points to the first tile. Starling will add other tiles
automatically.

ThatOs quite simple, right? Looking at the output, it seems that did the trick!

N \ANAAAAAAAAA

Figure 11. The same tile, repeated along the full width.

2.5.1. Animating the Ground

ThatOs all still a rather static business, though. Instead, we want to create the
impression that the camera is following a bird thatOs flying to the right. To do
that, we will move the ground slowly to the left, just like an endless ribbon.

Had we built the ground from separate images, this would be quite painful.

¥ In each frame, move all those images a little to the left.
¥ If an image moves out of the visible area, put it to the very right.

¥ That way, we have an endless stream of tiles.
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You might run into that situation one day!N!itOs rare that the ground is built
from just a single tile. However, in this situation, with our tileGrid in place, itOs
much simpler: we let Starling do the work for us.

Our task:

¥ In each frame, move the (virtual)  tileGrid rectangle a little to the left.

¥ ThatOs it.

Our existing advanceTimamethod will pull that off.

public class World extends Sprite

{

E private static const SCROLL_VELOCN(mber= 130 !

E /x..%

E public function advanceTimépassedTimeNumber: void
E {

E advanceGroung@passedTime; "

E _bird . advanceTimépassedTim¢;

E }

E private function advanceGroungpassedTimeNumber: void
E {

E var distance : Number= SCROLL_VELOCITpassedTime #
E _ground tileGrid .x -= distance; $

E _ground tileGrid = _ground tileGrid ; %

E }

I A constant defines the speed of movement: 130 points per second.

The new method advanceGrounawill do the work.

# Since passedTimes given in seconds, a simple multiplication will yield the
passed distance.

$ Move tileGrid.x  to the left.
% ThatOs a small API oddity: for the changes to show up, tileGrid has to be re-

assigned.

There really isnOt much to it: all that we are doing is reducing the value of
tileGrid.x  a little in each frame. The result is a neat, endless animation of the
ground ribbon.
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YouOll notice that the we are not moving the blue background
' in any way. ThatOs intentional: by keeping it at a fixed
position, weOre creating the illusion that it is very far away.

2.6. Physics

Flappy Starling ought to be a game, but right now, the level of interactivity is
rather E lacking. Thus, the next step should be to make the birdOs flight follow
some basic physical rules, and to let the player take control.

We have two choices when it comes to physics:

¥ We could do it ourselves: Isaac Newton came up with a couple of formulas;
we can plug those into our code.

¥ Or we could add a physics library to our project and let it do the heavy
lifting.

Which approach should we use?

Make no mistake: itOs actually really hard to create a convincing physics
simulation. Things get complicated quickly, especially when multiple objects
interact with each other. The math will become very challenging, and before
you know it, the calculations will eat up all available CPU time.

Thus, 10d typically recommend using a turn-key physics engine (like Nape
[nttp:/inapephys.com ]). Let it do the work for you while you concentrate on your
actual project. Games like Angry Birds rely on the realism only such an engine
can deliver.

The physics of Flappy Starling , on the other hand, are extremely simple. We
have one flying bird thatOs affected by gravity and can flap upwards on touch
of the screen. ThatOs something we can easily do ourselves.

2.6.1. What goes up, must come down

A bird that flies in the air is constantly being pulled down by gravity. What
does that mean?

Gravity changes the velocity of an object: push a stone off a cliff and its velocity
will rise from "zero" (the moment it loses contact) to E well, "very fast" before

it hits the ground. The higher the cliff, the faster it will be on impact. Each
instant it falls, it will be faster than the instant before.
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So we make a mental note that we need to store our birdOs current velocity
somewhere, as well as the acceleration imposed on it by gravity.

The other force acting on the bird is!Nithe player. When he or she touches the
screen, the bird is catapulted upwards, i.e. the velocity is set to a fixed value.

LetOs incorporate all that into our  World class:

public class World extends Sprite

{

E private static const SCROLL_VELOCN¥mber= 130
E private static const FLAP_VELOCINumber= -300; !
E private static const GRAVITWumber= 800, "

E private var _bird : MovieClip;

E private var _birdVelocity :Number= 0.0; #

E /x..%

}

I The birdOs velocity will be set to that value when the user touches the
screen.

The gravity constant stores the acceleration that gravity inflicts on the bird.

# This value will store the current velocity of the bird; it will be updated in
each frame.

You might ask why birdVelocity is a scalar, not a vector. ThatOs because our bird
actually only moves along the y-axis (i.e. vertically). There is no horizontal
movement!N!thatOs just an illusion we created by moving the ground to the left!

DonOt forget to assign birdVelocity a value (zero, in this case).

" AS3 has a very peculiar default value for variables of type
Number : NaN(not a number). So much for language designers
not having a sense of humor!

The next step is to update birdVelocity each frame, and to move the bird by
that velocity.
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public function advanceTimépassedTimeNumber: void

{

E /*x..7%

E advancePhysicq passedTimg; !
}

private function advancePhysicq passedTimeNumbeér: void

_bird .y += _birdVelocity * passedTime "
_birdVelocity += GRAVITY passedTime #

~ m m—

public function flapBird () :void $

~

E _birdVelocity = FLAP_VELOCITY
}

I The new method advancePhysicswill contain our tiny physics engine.

" Move the bird along the y-axis according to its current velocity.

# Addthe GRAVIT16 the birdOs current velocity.

$ This method will be called when the player touches the screen. It instantly

sets the birdOs velocity to a fixed value.

ThatOs actually all our physics code. You probably agree that adding a full-
fledged physics library would have been an overkill in this situation!

ThereOs one more step to do: allowing the player to control the bird, i.e. to call
that new flapBird method. Please open up the Game class and make the
following modifications:
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public function start (assets: AssetManage): void

{A

E /[x..%

E addEventListener (Event. ENTER_FRAMIBENterFrame;

E stage. addEventListener (TouchEvent TOUGHonTouch; !
}

private function onToucljevent: TouchEvenj: void

var touch: Touch = event. getTouch(stage, TouchPhaseBEGAN "
if (touch) _world. flapBird () ; #

~ m m—

I Another event listener: this one listens for TOUCeVents on the stage.

" In Starling, touches pass through different phases. We are interested in the
first phase only: TouchPhase.BEGANeans that the finger has just begun
touching the screen.

# If there is such a touch, we let the bird flap upwards.

Just like we were naotified of the passing of time via the ENTER_FRA&XENt, there
is an event thatOs dispatched when the userOs finger touches the screen: the
TOUCeVent. When such a touch occurs, we let the bird flap upwards.

Touch Events vs. Mouse Events

We are working on a Flash project, which means that most
users will probably use a mouse to flap the bird. Why arenOt
we listening to mouse events, then?

I In Starling, touch and mouse input handling is unified. When
the user clicks on the mouse button, this will be registered
just the same as if he had touched the screen at this position.
The advantage: you can use the same code to handle both
mouse and touch input. This greatly simplifies porting the
game to mobile platforms.

Start the game to check out if everything works. The bird will start to fall
downwards immediately, and you can bring it up again by clicking on the
screen repeatedly. Finally, this is starting to feel like a real game, right?

WhatOs a little annoying, though, is that when youQre not careful, the bird falls
off the bottom of the screen, and itOs quite an effort to bring it back up again.
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So 10d like to fix that before moving on, even though IOm getting a little ahead of
myself. What weQOre going to do is implement the first part of the collision
detection logic, a topic we will soon come back to.

Just like the physics code, this needs to be part of the  World class.

private static const BIRD_RADIUSumber= 18; !

public function advanceTimépassedTimeNumber: void

{

E /*x..7%

E checkForCollisions () ; "

}

private function checkForCollisions () : void

{
E var bottom: Number= _groundy - BIRD_RADIUS#

E if (_bird.y > bottom) $
E {

E _bird .y = bottom;

E _birdVelocity = 0;
E }

}

I Add a new constant at the very top: the radius of the birdOs body circle (in
points).

" Collision detection is handled in a separate method, called every frame.

# The birdOs fall will stop a little upwards of the ground image. (Remember:
we moved the birdOs pivot point to the center of its body.)

$ When we hit bottom, the birdOs velocity is set to zero immediately, and we

make sure it doesnOt move any further down.

That makes playing around with our prototype much easier! Granted: when we
hit rock bottom, it should actually mean "game over", but the bird just moves
on. ThatOs the topic of the next chapter!
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Figure 12. Hitting rock bottom.
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2.7. Game Phases

You might not have noticed it, but our game is actually already in a state that
you could call a game. The player has a task to fulfill (keep the bird flying) and
he can fail by crashing the bird into the ground.

WhatOs lacking, though, is some kind of progression; a sequence of "phases"
that provide a structure to whatOs happening. 10d like to split up the game into
three such phases:

Idle The bird just flies horizontally. In the final version, this state
will also show the game logo and the top score.

Playing The actual gameplay phase in which the player has full
control over the bird.

Crashed After a collision, the game will stop for a moment so that the
player has a chance to realize his failure.

The game starts in the "Idle" phase; as soon as the player clicks anywhere on
the screen, the game starts (phase: "Playing"). A collision will put the game into
the "Crashed" phase and will eventually return the game to the "Idle" phase.
This loop goes on indefinitely until the player quits the game altogether.

[—b[ Idle ]—»[ Playing }—»[ Crashed )—]

Since these phases influence mostly whatOs happening inside the game world,
we will store them inthe  World class. Open it up and make the following
modifications:
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public class World extends Sprite

{A

E /[x..%

E public static const PHASE_IDLEtring = "phaseldle” ; !

E public static const PHASE_PLAYINBing = "phasePlaying" ;
E public static const PHASE_CRASHHnG = "phaseCrashed"

E private var _phase String ; "

E public function World(width: Number height : Numbeyr
E {

E _phase = PHASE_IDLE#

E I* .. %

E }

E public function start () :void

E {

E _phase = PHASE_PLAY|NG

E )}

E public function reset () :void

E {

E _phase = PHASE_IDLE%

E resetBird () ;

E )}

E private function resetBird () :void
E {

E _bird . x = _width / 3; &

E _bird.y = _height / 2;

E )}

E /r..%

E  public function get phase) :String { return _phase } &
}

I Three String constants define our phases.
" The current phase is stored in a member variable.
# Initially, weOre in the IDLEphase that just animates the flying bird.

$ The new start method is to be called when the player is ready to play. It
simply switches the phaseto PLAYING

52 Chapter 2. Flappy Starling



% The reset method will be called when the world should be restored to the
initial state.

& We also move the bird back to its original position. This code was pulled out
from the addBird method.

This code provides the basis for switching between IDLEand PLAYIN@hases.

The phases have no effect on the actual gameplay yet, though.

¥ In all phases except CRASHFthe bird should keep flapping and the ground
should keep moving.

¥ In the PLAYIN@hase (and only in this phase), we want physics and collision
detection.

ThatOs easily achieved by modifying advanceTimgstill in the World class):

public function advanceTimépassedTimeNumber: void

{

E if (_phase==PHASE_IDLE _phase == PHASE_PLAY)NG
E {

E _bird . advanceTimépassedTimé;
E advanceGroun@passedTimg;

E }

E if (_phase==PHASE_PLAY)NG

E {

E advancePhysicq passedTime;

E checkForCollisions () ;

E )

}

WhatOs still missing is code that actually switches to the ~ CRASHphase. ThatOs

supposed to happen in the case of a collision with the ground (or, later, with an
obstacle).

Still in the World class, insert the following code:
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public static const BIRD_CRASHEDiIng = "birdCrashed" ; !

private function checkForCollisions () : void

{

E var bottom: Number= groundy - BIRD_RADIUS
E var collision :Boolean = false ;

E if (_bird.y > bottom)

E {

E _bird .y = bottom;

E _birdVelocity = 0;

E collision = true;

E )}

E if (collision )

E {

E _phase = PHASE_CRASHED

E dispatchEventWith (BIRD_CRASHED?
E )}

}

I We define an event type that will be used to inform listeners about a crash.
In case of a collision, we switch to the = CRASHpbhase.

# Furthermore, we dispatch the  BIRD_CRASH&ent.

As promised, this code activates the CRASHIpbase if the bird ends up hitting
the ground. However, itOs also the first time we are dispatching an
event!NIwhich makes this a great opportunity to properly introduce you to
StarlingOs event system.

2.7.1. Events

I wrote earlier that the  Game class should act as a high level controller that
manages all the components of the game. Now that a collision has occurred,
there is some management to do: for example, we might want to save the score
and display a "Game Over" screen. The World class wouldnOt be the correct
place for these tasks.

However, in order to do anything about it, Game needs to know that a collision
occurred. How can we tell it about the crash?

The natural thing to do would be to call a method on the Game instance;
however, we donOt have such a reference within ~ World .
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Technically, we do have a reference: the parent display
object can always be accessed via the parent property.
However, a display object should never require the parent to
be a specific type; that would severely limit its usefulness. In
our case, we would need to make a call like this:

(parent as Game).onCollision();

1tOs good that (e)books donOt reproduce smell yet!N!because,
boy, this code stinks!

This is a quite common scenario, actually, and the reason why there are events,
at all.

¥ Any Starling object can dispatch an event; other objects can listen to those
events.

¥ We already encountered events of type  TOUCH and ENTER_FRAME, but you

can define additional types yourself. An event type is simply a unique
string.

In this case, the event type is the String stored in the static constant
BIRD_CRASHRM dispatch an event with this type when we encounter a
collision; thatOs done via the line

dispatchEventWith(BIRD_CRASHED);

For this to be of any use, somebody must listen to this event, of course. So thatOs
how the Game class will become aware that a collision has occurred!N!it simply
listens to the BIRD_CRASH&I/ent. Open it up and make the following
modifications:
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public function start (assets: AssetManage): void

{A

E /[x..%

E _world = newWorld(stage. stageWidth, stage. stageHeight);
E _world. addEventListener (World. BIRD_CRASHEanBirdCollided ); !
E addChild(_world);

E /+..%

}

private function onBirdCollided () : void "

{

E Starling .juggler .delayCall (restart , 1.5); #

}

private function restart () :void

~

E _world.reset () ;
}

I We register an event listener on the  World instance, listening specifically to
the BIRD_ CRASH&ENt.

" When such an event is dispatched, the method  onBirdCollided will be
executed.

# This line will call the restart method with a delay of 1.5 seconds.

ThatOs not so complicated, right? Now, the method  onBirdCollided acts as event
listener; it will be called whenever the event occurs.

Any number of objects could add an event listener for this
event; youOre not limited to just one.

Let me tell you a little more aboutthe  delayCall method you just encountered
in the event listener. When the bird crashes, we donOt want to restart the game
right away; instead, we want the player to have a little time to realize what just
happened.

For this reason, we are not restarting the game right away; instead, we wait a
short moment before calling the  restart method. The delayCall instance on
starlingOsJuggler is the preferred way of doing this.
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Don®t worry, | will properly introduce you to the Juggler
later.

2.7.2. Starting up

When the application starts, we are in the IDLEphase. The actual game session
is supposed to start when the user touches the screen. ThatOs the final step we
need to make in order for our phase-system to work.

Update the onTouchevent handler inside the Game class like this:

private function onToucljevent: TouchEvenj: void

{

E var touch: Touch = event. getTouch(stage, TouchPhaseBEGAN
E if (touch)

E {

E if (_world. phase == World. PHASE_ID).E

E _world. start () ;

E _world. flapBird () ;

E }

}

I 'When we are in IDLEphase, call the start method. This will switch the game
into the PLAYIN@hase.

Start up the game now. If everything went right, the whole thing should feel

much more like a game already! WeOre now switching properly between the

IDLE, PLAYINGand CRASHHphases, and youOve got the chance to restart properly
after a crash. Not bad!

2.8. Obstacles

The actual challenge of Flappy Starling is to guide the bird safely through as
many obstacles as possible. Until now, those obstacles are nowhere to be seen,
though. Time to change that!

Before we start, letOs take a look at what exactly we are trying to achieve. If we
zoomed out extensively, the game world would look like this:
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Figure 13. The obstacles our player must avoid contact with.
In this section, we will work on two tasks:

Creating obstacles

Each obstacle is made up of two images; one trunk on the top (the stalactite,
if you will) and one on the bottom (the stalagmite). We will create a new
class that represents one such pair of images.

Moving obstacles

Those obstacles must be placed at a random height, and they must move in
from the right in a steady flow. When they move out on the left, they should
be removed from the display list.

2.8.1. Creating Obstacles

We could treat each obstacle simply as two separate images; on the other hand,
the two trunks will always move along together, so it will quickly pay off to

group them in a custom class. This will also simplify the collision detection

code we need to implement in the next chapter.

Create a new class called Obstacle that extends Sprite.
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public class Obstacle extends Sprite

{

E private var _radius: Number !

E private var _gapHeight Number "

E private var _passed Booleary #

E public function Obstacle(gapHeight: Number

E {

E var topTexture: Texture = Gameassets. getTexture ("obstacle-top” );
E var bottomTexture: Texture = Gameassets. getTexture ("obstacle-bottom™ );
E _radius = topTexture . width / 2;

E _gapHeight = gapHeight;

E _passed = false ;

E /I TODO: add trunk images

E )

E public function get passed) : Boolean { return _passed }

E public function set passedvalue: Boolean):void { _passed= value; }
}

I The radius of the semi-circle that terminates each trunk. We need this
information for collision detection.

The height of the gap through which the bird ought to fly.

# A boolean value that will be setto  true once the bird has passed this
obstacle.

The basic setup is pretty straight-forward, obviously. So letOs deal with the code
marked as TOD(adding trunk images.

Basically, we just need to add two images with the textures referenced at the
top of the constructor. But how exactly should we best position them within the
sprite?

| decided that the following setup would make most sense:
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Figure 14. The coordinate system used for the obstacle sprite.

You see that the spriteOs origin is in the center and the trunk images extend
upwards and downwards. The bird must be guided through the empty gap, so
itOs important that itOs always in the visible area of the stage. With the origin
right at the center of the gap, it will be easy to place the obstacle within the
World later. The two trunk textures are very long; they will always exceed the
stage bounds from this point.

The following code (to be added to the  Obstacle constructor) sets up the sprite
like that.

var top:Image = new Imagd topTexture);
top. pixelSnapping = true ;

top. pivotX = _radius;

top. pivotY = topTexture.height - _radius;
top.y = gapHeight / -2;

var bottom: Image = new Imagd bottomTexture) ;
bottom. pixelSnapping = true ;

bottom. pivotX = _radius;

bottom. pivotY = _radius;

bottom.y = gapHeight / 2;

addChild(top);
addChild(bottom);

Do you remember the pivotX and pivotY properties we used when we created
the bird object? Here they are again! This time, we move the pivot points of the
top and bottom images to the center of the circular shape that terminates them.
We could have placed the images without changing the pivot point, of
course!Nlbut | find this setup easier to handle.
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PixelSnapping

When we move the obstacles around, they might become a
little blurry when they are not exactly aligned with the
screenOs pixels. With the pixelSnapping property enabled,
Starling will make sure that the graphics always stay crisp.

2.8.2. Moving Obstacles

Now that the basic building block is ready, we can integrate obstacles into the
actual gameplay. As a first step, letOs add some constants that weOre going to

need later. Add the following definitions somewhere near the top of the World

class.

private static const OBSTACLE_DISTANQBber= 180, !
private static const OBSTACLE_GAP_HENBHiber= 170G "
public static const OBSTACLE_PASSHIDg = "obstaclePassed"; #

I The distance between two successive obstacles.

" The height of the gap between the top and bottom trunks of an obstacle.

# The type of the event we will dispatch whenever the bird passes an obstacle.

The first two of those values actually make up the difficulty of the game. The
values | used are educated guesses; later, when we fine-tune the game, we can
always modify them until they feel right.

We are also going to need a few additional member variables. Add them to the
others we already defined at the top of the class.

private var _obstacles: Sprite ; !
private var _currentX: Number "
private var _lastObstacleX : Number #

I All obstacles will be grouped together in this sprite.

" The distance the player has covered since the start of the current session.

# Whenever we add an obstacle, we store the current x-coordinate in this
value. That way, we can easily measure the distance covered since that
moment, and we will know when to add the next one.

With that out of the way, let©s move to some basic setup procedures. For
example, the container that will take up the obstacles needs to be initialized.
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public function World(width: Number height : Number

{A

E /A%

E addBackgroung ;

E addObstacleSprite () ; !
E addGroun) ;

E  addBird()

}

private function addObstacleSprite () : void

_obstacles = new Sprite () ; "
addChild(_obstacles);

~ mm—

I Add the obstacle container sandwiched between the background and the
ground tiles.

The actual container remains empty for now.
Furthermore, when the game session starts or ends, we need to reset some
values:
public function start () : void

_phase = PHASE_PLAYING
_currentX = _lastObstacleX = 0; !

~ mm—

public function reset () : void

_phase = PHASE_IDLE
_obstacles . removeChildren(0, -1, true); "
resetBird () ;

~ T M m

I Reset the covered distance and the last obstacleOs position.

Remove and dispose all obstacles that are currently visible.

Agreed: this was a lot of rather boring stuff. We are done with that, though:
time to actually add some obstacles to the screen.
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Since the obstacles are constantly moving, that logic must be triggered once per
frame. We already have a method that fits that description, right? Exactly: IOm
talking about advanceTimeMake the following modifications to the part that
deals with  PHASE_PLAYING

(_phase == PHASE_PLAY)NG

_currentX += SCROLL_VELOCITpassedTime !
advanceObstacleq passedTimég; "
advancePhysicq passedTimg;
checkForCollisions () ;

S eI =

Update currentX, which reflects the current the position of our (pseudo)
camera.

The advanceObstaclesmethod will contain the logic that deals with the
obstacles.

Most of the task is actually forwarded to the advanceObstaclesmethod. It needs
to handle several things:

¥ Move any existing obstacles slightly to the left.
¥ Add new obstacles in regular intervals.

¥ Remove and dispose any obstacles that left the screen to the left.

Translated to actual AS3 source code, this means:
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private function advanceObstacleq passedTimeNumbeér: void

{

E if (_currentX >= _lastObstacleX + OBSTACLE_DISTANCE
E {

E _lastObstacleX = _currentX;

E addObstacle() ; "

E }

E var obstacle : Obstacle;

E var numObstaclesint = _obstacles . numChildren

E for (var i:int =0; i <numObstacles ++) #

E {

E obstacle = _obstacles . getChildAt (i) as Obstacle;

E if (obstacle.x < -obstacle .width / 2) $

E {

E obstacle . removeFromParerfttrue ); %

E i--; numObstacles-; &

E }

E else obstacle . x -= passedTime* SCROLL_VELOCITY
E }

}

I If the distance to the previous obstacle exceeds the threshold E
" E add a new one. We will implement this method soon.

# Iterate over all obstacles that are currently part of the display list.
$ Check if an obstacle has left the screen to the left.

% If so, remove it from its parent sprite, and dispose it right away.

& Attention: we are modifying the sprite we are currently iterating over! To
avoid any errors when the loop continues, we need to fix the loop variables.

' All other obstacles simply move a little bit to the left.

Pay special attention to the part where we modify the obstacles sprite while
iterating over it. If we hadnOt fixed the loop variables accordingly, this would
have lead to an exception. ThatOs easy to overlook!

I know itOs been quite a while since we could actually run our application
without an error. Bear with me!N!we are almost there!
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All thatOs left to do now is implementing the  addObstacle method we just called.
What exactly must this method achieve?

¥ Create a new Obstacle instance and place it at the far right of the screen.

¥ Move it to a random vertical position within the available screen height.

private function addObstacle() : void

var minY. Number= OBSTACLE_GAP_HEIGRT

var maxYNumber= _groundy - OBSTACLE_GAP_HEIGHT

var obstacle : Obstacle = new Obstacle(OBSTACLE_GAP_HEIGHT
obstacle .y = minY + Math randonf) * (maxY- minY); "
obstacle . x = _width + obstacle . width / 2; #

_obstacles . addChild(obstacle ); $

=7 [T [T M [T [T T

Create a new Obstacle instance (the class we created a little earlier in this
section).

Move the obstacle to a random vertical position, somewhere between minY

and maxYThe Math.random() method helps: it returns a random number
between zero and one.

# Move it just a bit outside of the screen horizontally (so that itDs not yet
visible). The advanceObstaclesmethod will slowly move it to the left later.

$ For the obstacle to become visible, we must add it to its parent container.

Finally, we can compile and start the game again! Do just that and give it a try.
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Figure 15. This looks more and more like the real thing!

This is starting to make fun, right? DonOt get overly confident if you feel
invincible when playing the game, though: thatOs probably because we didnOt
implement collision detection yet. Oops!

In any case, as soon as you click once to start the game, the obstacles should
start moving in from the right. When they move out on the left, they are
automatically removed from the display list. Looking good!
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Verifying Assumptions

Are the obstacles really disposed when they move out?
Actually, we wouldnOt see that just from playing the game. If
that part of the logic doesnOt work, the number of obstacles
will simply grow endlessly, and we will only notice it when
performance starts to suffer.

In such situations, itOs a good idea to actually verify that your
code works alright. An easy way to do that would be to
I simply trace the number of obstacles on the screen. For
example, you could add the following line to advanceTime

trace ("visible obstacles: " + _obstacles . numChildren) ;

In debug mode, your IDE should allow to display the
"console", where those trace statements will end up. If
everything went alright, the printed number should stay
very low (with the given resolution, switching between just 2
and 3).

2.9. Collision Detection

We made a lot of progress in the previous section. The obstacles move correctly
along the screen!N!the bird just doesnOt collide with them yet. Which is actually
the whole point of them, right? So letOs implement the collision detection code.

Open up the Obstacle class again; we need to add a new method. For now, just
add the following stub:

public function collidesWithBird (
E  birdX: Number birdY : Number birdRadius : Numbeér: Boolean

{

E return false ;

}

The parameters of this method already tell something about how 10d like it to

work. It receives the current position of the bird (in World coordinates), as well
es the radius of its body. With this information, we can find out if the bird is
currently overlapping one of the trunks (return value: true ), or if it isnOt (return

value: false ).
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Figure 16. We check for collisions in three steps.
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As for the actual implementation, we are going to use a three-step approach.

First, notice that the bird itself is represented by a simple circle; wings and feet
are not taken into account. This makes the whole collision test much
easier!N!and a too pedantic collision detection would be quite frustrating for
the player, anyway.

The three steps are discussed below.

2.9.1. Step 1: Horizontal Position

The first step: check if the bird overlaps the vertical stripe made up by the
obstacle, at all.

/I check if bird is completely left or right of the obstacle
if (birdX + birdRadius < x - _radius || birdX - birdRadius > x + _radius)
E return false ;

Remember, we centered the trunk images horizontally in the coordinate
system of the Obstacle class. Furthermore, the birdOs pivot point is exactly at
the center of its circular body. This pays off now: it allows us to directly use
bird and obstacle coordinates for our checks.

We just subtract (or add) the radius from the current x coordinate of the
obstacle to get to the left (or right) bounds. If the bird is outside this range,
there cannot possibly be any collision with this obstacle, so we exit the method
right away.
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2.9.2. Step 2: Vertical Position

If the method is executed further, we know that the bird is horizontally within
the obstacle bounds. This means that if the bird is too far up or down (above or
below the semi-circular end pieces), there must be a collision.

var topY: Number=y - _gapHeight / 2;
var bottomY: Number=y + _gapHeight / 2;

/I check if bird is within gap
if (birdY < topY || birdY > bottomY)
E return true;

On the other hand, if the bird is vertically in-between those two areas, we need
to proceed to the final step.

2.9.3. Step 3: Intersecting Circles

Both the bird and the end pieces of the obstacle trunks are circular. The final
step is to test if those circles intersect one another. Thankfully, the math to test
if two circles intersect is rather simple:

1. Create a vector connecting the two center points.

2. If the length of this vector is smaller than the sum of the two radii, the

circles intersect.

A little geometry reminder: to calculate the distance vector between two points
A and B, you simply subtract the coordinates of A from B:

By o AZJ
To get the length of this vector, good old Pythagoras comes to the rescue:

|d] = y/d2 + d2

We already know the center of the bird circle ( birdX and birdY') and the
positions of the end pieces ( x and topY / bottomY). The remaining code simply
needs to insert those values into the formulas from above.
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var distX : Number= x - birdX;
var distY : Number

/I top trunk

distY = topY - birdY;

if (Math sgrt (distX * distX + distY * distY) < _radius + birdRadius)
E return true;

/I bottom trunk

distY = bottomY - birdY;

if (Math sqrt (distX * distX + distY * distY) < _radius + birdRadius)
E return true;

/I bird flies through in-between the circles
return false ;

ThatOs it! Our collision detection method is finished. Since itOs not called from
anywhere yet, though, there is no change in gameplay yet.

We already have a method called checkForCollisions inthe World class. Right
now, it only checks if the bird hits the ground, but it was always destined for

more! With the collision detection code prepared, itOs just a matter of iterating
over our obstacles and testing each of them.

if (_bird .y > bottom)

{

E /x..%

}

else

{

E for (var i:int =0; i < _obstacles.numChildren, ++) !

E {

E var obstacle : Obstacle = _obstacles . getChildAt (i) as Obstacle;
E if (obstacle . collidesWithBird (_bird.x, _bird.y, BIRD_RADIYS "
E {

E collision = true; #

E break;

E }

E }

}

I lterate over all obstacles.
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Check if the bird collides with this specific obstacle.
# The collision variable is checked at the end of the method. If  true , the game
will switch into the CRASHHDase.

Now that was easy, wasnOt it? If you give the game a try now, you can reap the
benefits of our hard work. The basic gameplay mechanisms are all in place!

Before we move on, 10d like to take care of one more thing, though. In the same
method ( checkForCollisions ), please add the following code into the for loop
(somewhere after assigning the obstacle variable).

(! obstacle . passed && _bird . x > obstacle . x)

obstacle . passed = true ;
dispatchEventWith (OBSTACLE_PASSHED: ) ;

~ mm— =

The playerOs score is going to be measured by the number of obstacles he
manages to pass. The Game class is supposed to take care of that!N!so it needs
to be notified whenever we pass an obstacle. ThatOs best done by dispatching
an appropriate event.

In order to not count one obstacle twice, we are also enabling the passed
property. If you wondered all along what that property was for, here is your
answer!

2.10. Score Display

Since we talked so much about keeping track of the score, letOs make that the
goal of our next task, shall we? DonOt worry: compared to the last two chapters
(which were rather challenging), this is going to be really easy. We will add a
small score display to the top left of the screen, visible during the course of
each game session.

2.10.1. Text in Starling

In Starling, the TextField class is responsible for displaying text. It populates a
rectangular area with the letters of a String!N!quite simple, actually.

Naturally, we first have to decide which font we want to use. Starling supports
two types of fonts:
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TrueType Fonts

The standard vector-based fonts you are probably familiar with. Supports
any fonts that are provided by the operating system or included in the
application.

Bitmap Fonts

A texture containing all the glyphs of a font, as well as an accompanying
XML file. Needs to be created with a tool like  Littera [http://kvazars.com/littera/ ]
or BMFont [nttp://www.angelcode.com/products/omfont/ .

The advantage of TrueType Fonts is that they are very easy to use; however,
changing the displayed text is somewhat expensive. For text that changes often,
Bitmap Fonts are better suited. Besides, you can pre-bake them with
decorations like outlines or color gradients, which is great for games like

Flappy Bird .

If you look into the folder  assets/fonts within our project, youOll see that |
already included one such bitmap font called "Brady Bunch". It is based on a
TrueType font available on dafont.com [http://www.dafont.com/brady-bunch.font ] (a
great resource if you are looking for fancy fonts).
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Figure 17. The Brady Bunch bitmap font.

Just like all the other textures we have been using so far, this font is already
loaded by the AssetManager by the code we used as our starting point. We can
make use of it without any further preparations.

2.10.2. TextFormat

The TextFormat class is used to set up the exact style you want text to be
rendered with. It goes hand in hand with the TextField class.
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Open up the Game class (all edits in this section are done in this class) and add
the following static definition to the top:

private static var sDefaultTextFormat: TextFormat =
E new TextFormat("bradybunch”, BitmapFont NATIVE_SIZE Color. WHITE

This TextFormat instance describes the font settings we want to use for the
score label.

¥ Note the usage of BitmapFont.NATIVE_SIZEt will make sure that the bitmap
font is rendered in exactly the size that it was created with. This will
provide the best possible image quality.

¥ Any bitmap font that already contains colors must be set up as pure white
in the source code. Other colors would tint the text in an undesired way.

Classes named TextField and TextFormat exist in the
packages starling.text  and flash.text . When you write that

$ code, make sure that you import the correct ones (those that
are coming with Starling).

2.10.3. The Score Label

The Game class needs to display the score, but it also needs to keep track of it.
That means that we have to add two member variables.

private var _score:int ;
private var _scorelLabel: TextField ;

Creating the actual TextField is best done in the start method. Add the
following setup code (e.g. right below the code that sets up the World instance).

_scoreLabel = new TextField (180, 80, ", sDefaultTextFormat); !
_scoreLabel. visible = false ; "
addChild(_scoreLabel); #

I Set up the TextField with a size of 180 $ 80 points, using the text format we
just set up.

" The label should become visible only during PHASE_PLAYINFGr now, we
make it invisible.
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# You know the drill: only objects that are part of the display list will be
rendered.

We are now in a situation that deserves special attention: there are two
member variables that are storing a representation of the current score (an
Integer and a TextField). Those two objects must always be in sync: when you
change one, you need to change the other.

I know myself: if | donOt take special measures right now, IOm bound to forget
changing one of the two member variables some time in the future. To make
sure that canOt happen, | recommend adding a property that takes care of any
score changes. We can even make it private , since itOs only meant for internal
use:

private function get score() :int { return _score; }
private function set score(value:int ): void

{

E _score = value;
E _scorelabel.text = value.toString () ;
}

While it might seem unnecessary to make this effort even in
I a simple game like this, make it a habit to always take such
precautions. [tOs easy to do, and it will potentially save you a
lot of trouble later.

This lays the groundwork for our score display. All of this was done to be able
to keep track of the playerOs score!N!so letOs do just that!

Do you remember? Each time the bird passes an obstacle, the  World class
dispatches a suitable event. ThatOs our signal to increment the score.

public function start (assets: AssetManagey: void

m

[* ... *
E _world. addEventListener (World. OBSTACLE_PASS&mDbstaclePassed; !
}

private function onObstaclePassed) : void "

{

E this .score +=1; #

}
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I Add the event listener somewhere within the start method.
" Create the actual event handler.

# It makes use of the brand-new score property.

We are almost ready. All thatOs left to do is making the score label visible when
the game starts, and hiding it after an error. This means some small
modifications to existing methods.

private function onToucljevent: TouchEven}: void

_world. flapBird () ;

{

E var touch: Touch = event. getTouch(stage, TouchPhaseBEGAN
E if (touch)

E {

E if (_world. phase == World. PHASE_ID)LE
E {

E this . score = 0; !

E _scoreLabel. visible = true; "

E _world. start () ;

E }

E

E

}

private function restart () :void

~

E _scoreLabel.visible = false ; #
E _world.reset () ;
}

I 'When a game session starts, the score must be reset to zero.
" The label must become visible during that phase of the game.

# At the end of the session, we hide the label.

Again, we finished a major stepping stone of our game production! Start the
game to watch the score display in all its glory.
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Figure 18. Notice the fancy score display in the top left.

2.10.4. Saving the Top Score

While the player now sees his current score while playing, the top score is not
stored yet. As part of the title screen (which will be created in the next section),
10d like to display the current record. LetOs prepare that before moving on.

WhatOs special about the top score is that it should be  persistent , i.e. it must
outlive an application restart. Typically, this means we have to write the
respective value into a file on the disk.

The ActionScript API provides a very flexible mechanism that does just that:
the SharedObject. The advantage: it works both for AIR applications and within
the Flash Player. Furthermore, itOs really easy to use.

Still in the Game class, create a new member variable and instantiate it in the
constructor.
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private var _sharedObject: SharedObject,

public function Gam@

~

E _sharedObject = SharedObject getLocal ("flappy-data” );
}

A local shared object is identified by a simple string (in this case, flappy-data ).
Contrary to what the name suggests, only the current application can access
that object. Behind the scenes, the runtime saves its data in a local file.

You can think of a shared object as a persistent  Dictionary object. To access the
top score easily, we wrap access to this dictionary in a new property.

private function get topScore() :int

{
E return int (_sharedObject. data[ "topScore"]) ;

}

private function set topScore(value:int ): void

—~

E _sharedObject. data[ "topScore"] = value;
}

This is actually all we need for our data storage needs. Of course, we also have
to make use of this property somewhere. The method onBirdCollided is a good
candidate for that.

private function onBirdCollided () : void

{

E if (_score > topScore) !

E topScore = _score;

E Starling .juggler .delayCall (restart , 1.5);
}

I Update the top score whenever the current score beats it.

Easy, right?
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2.11. Title Screen

Believe it or not, we are through with the actual gameplay logic! The biggest
remaining task is adding some kind of title screen.

When we split up the game into different phases, we already prepared one
phase for this part of the game: PHASE_IDLE shows the bird flying horizontally
on autopilot; the actual game only starts when we touch the screen. The title
screen will simply be an overlay (a custom sprite) thatOs displayed during that
phase.

The main elements of this overlay are the following:

Game Title

The text "Flappy Starling” displayed at the top, using our fancy bitmap font.

Top Score

A TextField at the bottom showing the current score record.

Tap Indicator

We need to tell the player that he is supposed to tap on the screen to start
the game. A suitable image is part of the gameQs assets.

TAP

Figure 19. An image prompts the user to tap the screen.

2.11.1. Creating the TitleOverlay Class

Create a new class called TitleOverlay . Add the following contents:
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public class TitleOverlay extends Sprite

{

E private var _topScore:int ; !

E private var _topScorelLabel: TextField ;

E public function TitleOverlay (width: Number height : Number
E {

E var title :TextField = /.. %

E var taplndicator :Image=/*..* ;"

E _topScoreLabel = /* ... %

E addChild(title );

E addChild(taplndicator ); #

E addChild(_topScoreLabel) ;

E )}

$

E public function get topScore() :int { return _topScore; }
E public function set topScore(value:int ): void

E {

E _topScore = value;

E _topScoreLabel. text = "Current Record: "+ value;

E )}

}

I The current top score, as well as the label to display it, are stored as
member variables.

" This is where we will set up the elements of the overlay.

# Each element is added to the display list right away.

$ A property allows us to change the top score from the outside.

This procedure starts to become second nature, right? You create a custom

Sprite and add a number of display objects that make up its contents. You do
that over and over when working with Starling.

So letOs create those three elements.

Title

var title :TextField = new TextField (width, 200 "Flappy\nStarling” );
tittle . format. setTo("bradybunch”, BitmapFont NATIVE_SIZE Color. WHITE
title .format.leading = -20;
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We are using the same bitmap font as before ("Brady Bunch"). Per default, the
text is centered within the  TextField, so by making it just as wide as the screen
(and reasonably high), it will look nicely. Note that | made use of the leading
property to reduce the distance between the two lines.

Tap Indicator

var tapTexture: Texture = Gameassets. getTexture (“tap-indicator" );
var taplndicator :Image = newImagd tapTexture);

tapindicator .x = width / 2;

tapindicator .y = (height - taplndicator .height) / 2;

Here, we acquire the texture tap-indicator and use it to create an Image.
Vertically, that image is centered; horizontally, it is positioned slightly right of
the center.

Score Label

_topScoreLabel = new TextField (width, 50, ");
_topScoreLabel. format. setTo( BitmapFont MINI, BitmapFont NATIVE_SIZE 2);
_topScoreLabel.y = height * 0.80;

This label uses the font BitmapFont.MINI that comes bundled with Starling. It
wonOt win any beauty contests, but it will do for this use-case. Note that |
multiplied its NATIVE_SIZBy two!N!thatOs necessary because itis really a tiny
font.

2.11.2. Using the TitleOverlay Class

In the Game class, we create a member variable for our new TitleOverlay and
instantiate it inside the  start method.

private var _title :TitleOverlay ; !

public function start (assets: AssetManagey: void

{

E /x..%

E _tite = newTitleOverlay (stage.stageWidth, stage.stageHeight); "
E addchild(_title );

}
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I For easy access, we store the overlay in a member variable.
" ltis instantiated with the full size of the stage.

When you start the game now, the overlay will already be visible. It just doesnOt
go away when a game session starts, which is a little annoying.

Fading in and out

During the actual gameplay, the overlay should be hidden. We could simply set
itto visible =false , but that would appear a little crude. Instead, 16d like to
fade it out gracefully.

The opacity of a display object is stored inits  alpha property, which is in the
range of zero (invisible) to one (opaque). To fade out a display object, we need
to animate this property slowly from one to zero.

Those types of animations are called Tweens in Starling. The easiest way to
create a tween is by calling the method  Starling.juggler.tween . For example, if
you wanted to fade out a standard image, here is how you could do it:

Starling .juggler .tween(image 1.0, { alpha: 0.0 });

¥ The first argument of this method decides which object you want to
animate.

¥ The second argument defines the duration of the animation in seconds.
¥ The final argument is a key-value pair listing the properties you want to

animate, as well as the values you want to animate them to.

This call will change image.alpha from its current value to zero, over a time
period of one second.
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The Juggler

You are probably wondering what that Starling.juggler
property is all about.

In Starling, the description of an animation (a Tween) is
separate from its execution. The execution is handled by the
Juggler: it simply advances a number of animations in each
frame. You can create your own jugglers (which has some
advantages, as shown inthe Animations chapter), but there
is also a default juggler on the Starling instance. ThatOs the
one we are using here.

We briefly met the juggler already when we used its
delayCall method to prevent a too abrupt end of the PLAYING
phase.

With this knowledge, we can write the methods showTitle and hideTitle .

private function showTitle () : void

m m

-~ m

.alpha = 0.0; !
.topScore = topScore;

Starling .juggler .tween(_title , 1.0, { alpha: 1.0 }); #

private function hideTitle () : void

{

E Starling .juggler .removeTweerfstitle ); $
E Starling .juggler .tween(_title , 0.5, { alpha: 0.0 }); %

}

I We start with an alpha value of zero.

" Update the topScore property so it shows the current record.

# Fade in the title overlay over the course of one second.

$ Stop all other animations on the title overlay.

% Fade it out over the course of half a second.

You might wonder what the callto  removeTweenis for. When the player makes
an error, the title overlay starts to fade in; this takes one second. The player
might be eager to start a new game session right away!N!before the overlay
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finished fading in! This would make the fade-in and fade-out tweens run
simultaneously, which might lead to visual glitches (and is rather pointless). To
make sure this doesnOt happen, we remove all tweens on the title overlay
before starting to fade out.

Hiding a DisplayObject

Instead of setting the title overlay to  visible = false , or
removing it from the display list altogether, we only changed
its alpha value to zero. This is sufficient for our
needs!N!Starling wonOt render the object any longer.
Different to the other techniques, the object will still receive
touch input, though. Thus, if you add e.g. a button under the
(now invisible) title, you wonOt be able to trigger it.

That doesnOt matter in "Flappy Starling”, but itOs a subtle
difference you should be aware of.

To make sure those animations are actually executed, we need to call our new
methods at the right time. The following modifications will do the trick:
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private function start (assets: AssetManage): void

{A

E /F..%

E showTitle () ; !

}

private function restart () :void
{

E _scorelLabel. visible = false ;
E _world.reset () ;

E showTitle () ; "

}

private function onTouclievent: TouchEven}: void

{

E var touch: Touch = event. getTouch(stage, TouchPhaseBEGAN
E if (touch)

E {

E if (_world. phase == World. PHASE_ID)E
E {

E hideTitle (); #

E I* .. %

E }

E _world. flapBird () ;

E }

}

I Fade in the title when the game starts.
Show the title when the game is reset ( PHASE_IDL& starting).

# Hide the title when a new game session is starting.

Time to give the game another try! You will be pleased to see how far we have
come.
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Figure 20. Flappy Starling, now with title screen.

2.12. Sound

Audio is an important element of every game. Music helps set up a distinctive
mood!N!whether you want to build tension or provide comic relief. Sound
effects not only make an environment more believable; they also help the
player to quickly grasp whatOs happening, even in areas he is not currently
paying attention to. In this section, we will add a few short sound effects to
Flappy Starling .

If you donOt happen to be an audio artist, you will probably ask where to get
the appropriate audio files from. Thankfully, an online search will yield many
resources.

¥ For free music and sound effects, | can recommend Soundimage
[http://soundimage.org ].

¥ The commercial site  Soundsnap [https://www.soundsnap.com ] offers even more

variety.

Another option is to create the sound effects yourself. But wait, donOt dig up
your microphone or torture a bird just yet! Actually, IOm thinking about simple
synthesized sounds like they were used in old 8-bit gaming consoles. While
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those might not be a perfect fit for every game, they are super easy to create
and, if nothing else, make great placeholders.

There is a fantastic free tool available that does this job: sfxr

[ nttp:/www.drpetter.se/project_sfxr.ntml ] (or its macOS port cfxr [http://thirdcog.eu/
appsicixr ]). Its user interface is really simple: even if you donOt know exactly
whatOs going on (I wonOt pretend that | do), you can simply generate random
sounds until you find something that fits your purpose. Tweak the parameters
to your needs, export the sound!N!and voila, you have created a unique,

royalty free sound!

@ sounds.cfxr
Bicknp/com Square Sawtooth Sine m
Laserjshoot
Explosion Attack time
Powerup Sustain time L
= Sustain punch I
Hit t g
itfur Decay time U
Jump
Blip/select Start frequency i
Random Min freguency cutoff
Slide U
#  MName v Delta slide T
Vibrato depth
66 crash [ RV
69  Jump
68  Pickupfcoin
Play on change
&2  Explosion Change amount ¥ 9
25  Hitfhurt e Play
13 pass -
Play logopin
12 Jump Square duty ¥ P
4 flap Duty sweep Uiy 5
Playback Vaolume
Repeat speed ummmmn
Phaser offset U Export...
Ph -
ASer sweep I Export Quickly
Low-pass filter cutoff nmmmnmmmm—wn Sample Volume
Low-pass filter cutoff sweep  pmmmmm——E
Low-pass filter resonance
High-pass filter cutoff 44100 Hz T
High-pass filter cutoff swee .
gn-p P mmmmmmmmmmmm 16-bit =
Figure 21. cfxr makes it easy to create custom sound effects.
After exporting the sound, you need to convert it into MP3 format; thatOs the

only audio format you can load in Flash and AIR. One option for doing that is
the open source audio editor  Audacity [http://www.audacityteam.org ]. You can also
use it to adapt the volume or make other changes. ItOs a truly powerful tool!
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Figure 22. Audacity can be used to fine-tune a sound and to convert it into MP3
format.

For our purpose, we are going to need three sounds:

flap.mp3 The bird flaps upwards.
pass.mp3 The bird passes an obstacle.
crash.mp3 The bird hits an obstacle or the ground.

Create them with the tools shown above and copy them into the directory
assets/sounds within the development folder (you will need to create that
directory first).

If you just want to focus on the code for now, you can
download the sounds from the gameOs GitHub repository
instead.

2.12.1. Embedding Sounds

Up until now, we didnOt bother where the gameOs assets actually come from; we
simply used what was available in the repositoryOs starting point. Now, for the
first time, we need to add additional files.

Find the class EmbeddedAssets. It already contains several Embedtatements
that make sure that the textures and fonts are baked right into the SWF file
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during compilation. The sound files will join them! Add the following code:

[ Embegsource="../assets/sounds/flap.mp3" )]
public static const flap : Class;

[ Embe(source="../assets/sounds/pass.mp3" )]
public static const pass: Class;

[ Embe@source="../assets/sounds/crash.mp3" )]
public static const crash: Class;

The AssetManager will automatically pick up those new references and will
make them available under the names "flap", "pass" and "crash".

Embedding the sounds like that is a good approach for an
SWEF-project (like Flappy Bird ). In an AIR application (e.g. an
' app for iOS or Android), however, you would rather load the
. textures and sounds directly from disk. This has some
advantages we will discuss later in the ~ Asset Management
section.

2.12.2. Starting Playback

All thatOs left for us to do is to actually start playback at the appropriate times.
Again, the Game class seems like the appropriate spot for that logic. The
method onBirdCollided will trigger the crash sound.

private function onBirdCollided () : void

{

E /*..%

E assets. playSound "crash" ); !

I The AssetManager provides the playSoundmethod, which will start playback
right away.

Passing an obstacle triggers an appropriate event handler, as well!N!do you
remember?
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private function onObstaclePassed) : void

this . score +=1;
assets. playSound "pass"); !

~ m m—

I Start the passsound each time an obstacle is passed.

The flapping sound can be added to the onTouchevent handler.

private function onTouclievent: TouchEvenj: void

{

E var touch: Touch = event. getTouch(stage, TouchPhaseBEGAN
E if (touch)

E {

E if (_world. phase == World. PHASE_ID)E

E {

E [* .0

E }

E if (_world. phase == World. PHASE_PLAY)NG
E {

E _world. flapBird () ;

E assets. playSound "flap" ); !

E }

E

}

I Startthe flap sound each time the bird is flapping its wings.

Note that we are starting the flap sound only when a touch occurs during
PHASE_PLAYINGtherwise, you would hear it also when the player touches the
screen during the short time when we are waiting for the game to be reset
(PHASE_CRASHEBoesnOt make much sense in that phase.

Compile and run the game to make a proper sound check!

Believe it or not, this was the last missing piece of the Flappy Starling puzzle.
The game is ready to be played and published!
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2.13. Deployment

After all this hard work, itOs time to show off what we just achieved! You need
to publish Flappy Starling on a web page so that your friends and colleagues
can finally admire the new hit game you just created.

2.13.1. Creating the Release SWF

Up until now, we only compiled in debug mode, i.e. we created a non-optimized
SWF file including debug information. ThatOs super useful in the development
phase, but not what you want for the actual release.

Whenever you want to test the performance of a game, or if you want to
release it to the public, itOs important to make a release build. When using
Starling, it makes a massive difference if a project is compiled in debug or
release mode. DonOt draw any conclusions about performance if you are not
running the code with the optimal settings and in the optimal environment!

1" For Web projects (SWF), its also important to always run
them in the release version of the  Flash Player .

Unfortunately, creating a release build is different in each IDE you use. Make
sure to familiarize yourself with the process.

¥ For AIR apps, there is typically a special export menu that lets you package
a project in release mode.

¥ For SWF apps, itOs often enough to simply deactivate the option that
controls if debug information is to be included in the output.

The Starling Wiki contains detailed information about how
' this is done in each major IDE: Project Setup

[ http://wiki.starling-framework.org/manual/start ]-

2.13.2. Embedding the SWF in a Website

In the past, embedding Flash content inside a website could prove surprisingly
difficult. Different browsers preferred different HTML elements and attributes;
you needed to check if the user has a sufficient version of the Flash plugin
installed, etc. Thus, most Flash developers used the JavaScript library
SwiObject [https://github.com/swiobject/swfobject ] to work around these issues.
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Today, the process has thankfully become a little easier; modern browsers
essentially all support the object element to embed Flash content. Thus, IOm
typically favoring that simple approach nowadays (for details, please refer to
the section Embedding Flash ).

LetOs start with a basic HTMLS5 scaffold:

<IDOCTYPE html|>

<html| lang="en">

<head>

E <title> Flappy Starling </title>
E <meta charset="UTF-8">
</head>

<body>

E <!-- TODO -->

</body>

</html>

In the bodyelement, embed the SWF file like this:

<object type="application/x-shockwave-flash" data="flappy-starling.swf"
E name=flappy-starling” id="flappy-starling"
E width="320" height="480">

E <paramname®vmode"value="direct" />

E <a href="http://www.adobe.com/go/getflash" >

E <img src="flappy-starling-alt.png" alt= "Get Adobe Flash player" />
E </a>

</object>

¥ We are passing the same values for width and height as are defined in the
projectOs startup class (FlappyStarling.as ).

¥ The wmod@arameter is important for all Starling content: it basically
enables Stage3D support.

¥ As fallback content, | added an image that links to the Flash Player
download page.

Save this file as index.html and store it in the same directory as the SWF file.
You can now copy it to a web server or launch it right from your local disk.
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Figure 23. The fruits of our hard labor: Flappy Starling running in the browser.

2.13.3. Mobile Version

While all the code we wrote so far was targeting the Flash plugin, itOs actually
not much work to adapt the game for mobile devices. All the essential game
code stays exactly the same; only the startup phase (when Starling is initialized
and the assets are loaded) needs to be changed. Now it pays off that we didnOt
hard-code any positions, but placed all objects relative to the stage size!

The main challenge of the mobile version is that most mobile screens have a
much higher pixel density than typical desktop screens. For this reason, |
prepared high resolution versions of all the gameQs textures.

Depending on the device the game is running on, we need to load the correct
set of textures. Furthermore, instead of embedding all the assets, the mobile

version will load them from the disk. That way, only the assets we really need
will end up in memory.

We will look in detail at how all this is done in the Mobile Development
chapter. If you canOt wait any longer, though, simply check out the head
revision of the Flappy Starling project on GitHub. It contains a new build target
for mobile devices ( iOS and Android ).
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2.14. Summary

Pat yourself on the back: you just created a complete game! All things
considered, it wasn®t so hard, was it?

Granted, Flappy Starling is not the most complex of games. But even the most
extensive games will use the same basic building blocks you just became
acquainted with. As long as you keep your code organized well, you will be

able to tackle anything you can imagine!

It will definitely help, though, to know more about all the tools Starling has to
offer. ThatOs why we will look at them in detail in the following sections.
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Chapter 3. Basic Concepts

Starling might be a compact framework, but it still boasts a significant number
of packages and classes. It is built around several basic concepts that are
designed to complement and extend each other. Together, they provide you
with a set of tools that empower you to create any application you can imagine.

Display Programming
Every object that is rendered on the screenisa  display object , organized in
the display list .

Textures & Images

To bring pixels, forms and colors to the screen, you will learn to use the
Texture and Image classes.

Dynamic Text

Rendering of dynamic text is a basic task in almost every application.

Event Handling

Communication is key! Your display objects need to talk to each other, and
they can do that via Starling®s powerful event system.

Animation

Bring some motion into the picture! There are different strategies to
animate your display objects.

Asset Management

Learn how to load and organize all kinds of assets, like textures and sounds.

Special Effects

Effects and filters that will make your graphics stand out.

Utilities

A number of helpers to make your life easier.

WeOve got a lot of ground to cover, so, in the words of Super Mario: "LetOs-a go!"
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3.1. Configuring Starling

The first step of every Starling-powered application: creating an instance of the

Starling class (package starling.core ). Here is the complete declaration of
Starling®s constructor:

public function Starling (
rootClass : Class,

stage: Stage,

viewPort: Rectangle = null ,
stage3D Stage3D= null ,
renderMode String = auto,
profile :Object = auto);

m> me e me m e

rootClass

The class that is instantiated as soon as Stage3D has finished initializing.
Must be a subclass of starling.display.DisplayObject

stage

The traditional Flash stage that will host StarlingOs content. ThatOs how the
Starling and Flash display list are connected to each other.

viewPort

The area within the Flash stage that Starling will render into. Since this is

often the full stage size, you can omit this parameter (i.e. pass null ) to use
the full area.

stage3D

The Stage3D instance used for rendering. Each Flash stage may contain
several Stage3D instances and you can pick any one of those. However, the
default parameter ( null ) will suffice most of the time: this will make Starling
use the first available Stage3D object.

renderMode

The whole idea behind Stage3D is to provide hardware-accelerated
rendering. However, there is also a software fallback mode; it may be forced
by passing Context3DRenderMode.SOFTWARE default ( auto) is

recommended, though!N!it means that software rendering is used only
when thereOs no alternative.
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profile

Stage3D provides a set of capabilities that are grouped into different profiles
(defined as constants within ~ Context3DProfile ). The better the hardware the
application is running on, the better the available profile. The default ( auto)

simply picks the best available profile.

Most of these arguments have useful default values, so you will probably not
need to specify all of them. The code below shows the most straight-forward
way to start Starling. We are looking at the Main class of a Flash Player or AIR

project.

package

{A

E import flash . display . Sprite ;

E import starling .core. Starling ;

E [SWFwidth="640", height ="480",

E backgroundColor="#808080",

E frameRate="60")]

E public class Main extends Sprite

E {

E private var _starling : Starling ;

E public function Main()

E {

E _starling = new Starling (Game stage);

E _starling . start () ;

E }

E }

}
Note that the class extends flash.display.Sprite , not the Starling variant.
ThatOs simply a necessity of all Main classes in AS3. However, as soon as
Starling has finished starting up, the logic is moved over to the Game class,

which builds our link to the  starling.display ~ world.
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Configuring the Frame Rate

Some settings are configured right in the "SWF"  MetaData tag
in front of the class. The frame rate is one of them. Starling
itself does not have an equivalent setting: it always simply

I uses the frameRate from the native stage. To change it at
runtime, access the nativeStage property:

Starling . current . nativeStage . frameRate = 60;

Starling®Os setup process is asynchronous. That means that you wonOt yet be able
to access the Gaminstance at the end of the Mainmethod. However, you can
listen to the ROOT_CREAE&#Nt to get notified when the class has been
instantiated.

public function Main()

_starling = new Starling (Game stage);
_starling .addEventListener (Event. ROOT_CREATEDRootCreated ;
_starling .start () ;

>~ M m

private function onRootCreated event: Event, root : Gamge void

{

E root.start () ; // 'start' needs to be defined in the 'Game' class

}

3.1.1. The ViewPort

Stage3D provides Starling with a rectangular area to draw into. That area can
be anywhere within the native stage, which means: anywhere within the area
of the Flash Player or the application window (in case of an AIR project).

In Starling, that area is called the  viewPort . Most of the time, you will want to
use all of the available area, but sometimes it makes sense to limit rendering to
a certain region.

Think of a game designed in an aspect ratio of 4:3, running on a 16:9 screen. By
centering the 4:3 viewPort on the screen, you will end up with a "letterboxed"
game, with black bars at the left and right.
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You cant talk about the viewPort without looking at StarlingOs stage, as well. By
default, the stage will be exactly the same size as the  viewPort . That makes a lot
of sense, of course: a device with a display size of 1024 $ 768 pixels should have

an equally sized stage.

You can customize the stage size, though. ThatOs possible via the
stage.stageWidth and stage.stageHeight properties:

stage. stageWidth = 1024
stage. stageHeight = 768

But wait, what does that even mean? Is the size of the drawing area now
defined by the viewPort or the stage size?

Dondt worry, that area is still only set up by the  viewPort , as described above.
Modifying the stageWidth and stageHeight doesnOt change the size of the
drawing area at all; the stage is always stretched across the complete viewPort .
What you are changing, though, is the size of the stageOs coordinate system .

That means that with a stage width of 1024 an object with an x-coordinate of
1000will be close to the right edge of the stage; no matter if the viewPort is 512
1024 or 2048pixels wide.

That becomes especially useful when developing for HiDPI screens. For
example, AppleOsiPad exists in a normal and a "retina" version, the latter
doubling the number of pixel rows and columns (yielding four times as many
pixels). On such a screen, the interface elements should not become smaller;
instead, they should be rendered more crisply.

By differentiating between the  viewPort and the stage size, this is easily
reproduced in Starling. On both device types, the stage size will be 1024$768;
the viewPort, on the other hand, will reflect the size of the screen in pixels. The
advantage: you can use the same coordinates for your display objects,
regardless of the device on which the application is running.
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Points vs. Pixels

If you think this through, youOll see that on such a retina
device, an object with an x-coordinate of 1 will actually be
two pixels away from the origin. In other words, the unit of
measurement has changed. We are no longer talking about
pixels, but points! On a low-resolution screen, one point
equals one pixel; on a HiDPI screen, itOs two pixels (or more,
depending on the device).

To find out the actual width (in pixels) of a point, you can simply divide
viewPort.width by stage.stageWidth . Or you use StarlingOs contentScaleFactor
property, which does just that.

starling .viewPort. width = 2048
starling . stage. stageWidth = 1024
trace (starling .contentScaleFactor ); //->2.0

I will show you how to make full use of this concept in the Mobile Development
chapter.

3.1.2. Context3D Profiles

The platforms Starling is running on feature a wide variety of graphics
processors. Of course, those GPUs have different capabilities. The question is:
how to differentiate between those capabilities at runtime?

ThatOs what Context3D profiles (also called render profiles ) are for.

What is a Context3D?

When using Stage3D, you are interacting with a rendering
' pipeline that features a number of properties and settings.
The context is the object that encapsulates that pipeline.
Creating a texture, uploading shaders, rendering
triangles!N!thatOs all done through the context.

Actually, Starling makes every effort to hide any profile limitations from you.
To ensure the widest possible reach, it was designed to work even with the
lowest available profile. At the same time, when running in a higher profile, it
will automatically make best use of it.
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Nevertheless, it might prove useful to know about their basic features. HereOs
an overview of each profile, starting with the lowest.

BASELINE_CONSTRAINED

If a device supports Stage3D at all, it must support this profile. It comes with
several mean limitations, e.g. it only supports textures with side-lengths that
are powers of two, and the length of shaders is very limited. That profile is
mainly found on old desktop computers.

BASELINE

The minimum profile to be found on mobile devices. Starling runs well with
this profile; the removal of the power-of-two limitation allows for more
efficient memory usage, and the length of shader programs is easily
sufficient for its needs.

BASELINE_EXTENDED

Raises the maximum texture size from  2048x204&0 4096x4096pixels, which
is crucial for high-resolution devices.

STANDARD_CONSTRANENDARBIANDARD_EXTENDED

Starling currently doesnOt need any of the features coming with these
profiles. They provide additional shader commands and other low-level
enhancements.

My recommendation: simply let Starling pick the best available profile ( auto)
and let it deal with the implications.

Maximum Texture Size

ThereOs only one thing you need to take care of yourself:
making sure that your textures are not too big. The
maximum texture size is accessible via the property
Texture.maxSize, but only after Starling has finished
initializing.

3.1.3. Native Overlay

The main idea behind Starling is to speed up rendering with its Stage3D driven
API. However, thereOs no denying it: the classic display list has many features
that Starling simply canOt offer. Thus, it makes sense to provide an easy way to
mix-and-match features of Starling and classic Flash.
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The nativeOverlay property is the easiest way to do so. ThatOs a conventional
flash.display.Sprite that lies directly on top of Starling, taking viewPort and
contentScaleFactor into account. If you need to use conventional Flash objects,
add them to this overlay.

Beware, though, that conventional Flash content on top of Stage3D can lead to
performance penalties on some (mobile) platforms. For that reason, always
remove all objects from the overlay when you donOt need them any longer.

Before you ask: no, you canOt add any conventional display
objects below Starling display objects. The Stage3D surface is
always at the bottom; thereOs no way around that.

3.1.4. Skipping Unchanged Frames

It happens surprisingly often in an application or game that a scene stays
completely static for several frames. The application might be presenting a
static screen or wait for user input, for example. So why redraw the stage at all
in those situations?

ThatOs exactly the point of the skipUnchangedFrameproperty. If enabled, static
scenes are recognized as such and the back buffer is simply left as it is. On a
mobile device, the impact of this feature canOt be overestimated. ThereOs simply
no better way to enhance battery life!

IO6m already hearing your objection: if this feature is so useful, why isnOt it
activated by default? There must be a catch, right?

Indeed, there is: it doesnOt work well with  Render- and VideoTextures . Changes
in those textures simply wonOt show up. 1tOs easy to work around that, though:
either disable skipUnchangedFrametemporarily while using them, or call
stage.setRequiresRedraw() whenever their content changes.

Now that you know about this feature, make it a habit to always activate it! In
the meantime, | hope that | can solve the mentioned problems in a future
Starling version.

On mobile platforms, thereOs another limitation you should

be aware of: as soon as thereQs any content on the native
(Flash) stage (e.g. via StarlingOs nativeOverlay ), Starling canOt
skip any frames. ThatOs the consequence of a Stage3D
limitation.
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3.1.5. The Statistics Display

When developing an application, you want as much information as possible
about whatOs going on. That way, you will be able to spot problems early and
maybe avoid running into a dead end later. The statistics display helps with
that.

_starling .showStats = true ;

qpu
drawg calls:

Figure 24. The statistics display (by default at the top left).
WhatOs the meaning of those values?

¥ The framerate should be rather self-explanatory: the number of frames
Starling managed to render during the previous second.

¥ Standard memory s, in a nutshell, what your  AS3 objects fill up. Whether
itOs aString , a Sprite, a Bitmap , or a Function : all objects require some
memory. The value is given in megabytes.

¥ GPU memory is separate from that. Textures are stored in graphics memory,
as are vertex buffers and shader programs. Most of the time, textures will
overshadow everything else.

¥ The number of draw calls indicates how many individual "draw"-
commands are sent to the GPU in each frame. Typically, a scene renders
faster when there are fewer draw calls. We will look in detail at this value
when we talk about Performance Optimization

You might notice that the background color of the statistics display alternates
between black and dark green. ThatOs a subtle clue thatOs referring to the
skipUnchangedFrameproperty: whenever the majority of the last couple of
frames could be skipped, the box turns green. Make sure that it stays green
whenever the stage is static; if it doesnOt, some logic is preventing frame
skipping to kick in.

You can customize the location of the statistics display on the
screen via the method showStatsAt.
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3.2. Display Programming

With all the setup procedures out of the way, we can start to actually put some
content onto the screen!

In every application you create, one of your main tasks will be to split it up into
a number of logical units. More often than not, those units will have a visual
representation. In other words: each unit will be a display object .

3.2.1. Display Objects

All elements that appear on screen are types of display objects. The
starling.display ~ package includes the abstract DisplayObject class; it provides
the basis for a number of different types of display objects, such as images,

movie clips, and text fields, to name just a few.

The DisplayObject class provides the methods and properties that all display
objects share. For example, the following properties are used to configure an
objectOs location on the screen:

¥ X, y: the position in the current coordinate system.

¥ width, height : the size of the object (in points).

¥ scaleX, scaleY: another way to look at the object size; 1.0 means unscaled,
2.0 doubles the size, etc.

¥ rotation : the objectOs rotation around its origin (in radians).

¥ skewX skewY horizontal and vertical skew (in radians).
Other properties modify the way the pixels appear on the screen:
¥ blendMode determines how the objectOs pixels are blended with those

underneath.

¥ filter : special GPU programs (shaders) that modify the look of the object.
Filters can e.g. blur the object or add a drop shadow.

¥ mask masks cut away all parts that are outside a certain area.
¥ alpha: the opacity of the object, from 0 (invisible) to 1 (fully opaque).
¥ visible : if false, the object is hidden completely.

Those are the basics that every display object must support. LetOs look at the
class hierarchy around this area of StarlingOs API:
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@ DisplayObject

N

@ DisplayObjectContainer) @ Mesh

TN,

@Stage @Sprite @ Button @TextField @Quad

YouOll notice that the diagram is split up in two main sub-branches. On the one
side, there are a couple of classes that extend MeshQuadImage and MovieClip.

Meshes are a fundamental part of Starling®s rendering architecture. Everything
that is drawn to the screen is a mesh, actually! Stage3D cannot draw anything
but triangles, and a mesh is nothing else than a list of points that spawn up
triangles.

On the other side, youOll find a couple of classes that extend
DisplayObjectContainer . As its name suggests, this class acts as a container for
other display objects. It makes it possible to organize display objects into a
logical system!N!the display list .

3.2.2. The Display List

The hierarchy of all display objects that will be rendered is called the display
list. The Stage makes up the root of the display list. Think of it as the literal
"stage": your users (the audience) will only see objects (actors) that have

entered the stage. When you start Starling, the stage will be created
automatically for you. Everything thatOs connected to the stage (directly or
indirectly) will be rendered.
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When | say "connected to", | mean that there needs to be a  parent-child
relationship. To make an object appear on the screen, you make it the child of
the stage, or any other DisplayObjectContainer thatOs connected to the stage.

Stage
Application
Root
|
| |
. . Display Object
Display Object C'z)ni,ainejr
1
| |
Display Object . .
Container Display Object

Display Object
Container
|
| |

Display Object Display Object

Figure 25. Display objects are organized in the display list.

The first (and, typically: only) child of the stage is the application root : thatOs
the class you pass to the Starling constructor. Just like the stage, itOs probably
going to be a DisplayObjectContainer . ThatOs where you take over!

You will create containers, which in turn will contain other containers, and
meshes (e.g. images). In the display list, those meshes make up the  leaves: they
cannot have any child objects.

Since all of this sounds very abstract, letOs look at a concrete example: a speech
bubble. To create a speech bubble, you will need an image (for the bubble), and
some text (for its contents).

Those two objects should act as one: when moved, both image and text should
follow along. The same applies for changes in size, scaling, rotation, etc. That
can be achieved by grouping those objects inside a very lightweight
DisplayObjectContainer : the Sprite.
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DisplayObjectContainer vs. Sprite

DisplayObjectContainer and Sprite can be used almost
synonymously. The only difference between those two
classes is that one ( DisplayObjectContainer ) is abstract, while
' the other ( Sprite) is not. Thus, you can use a Sprite to group
objects together without the need of a subclass. The other
advantage of Sprite: itOs just much faster to type. Typically,
thatOs the main reason why IOm preferring it. Like most
programmers, IOm a lazy person!

So, to group text and image together, you create a sprite and add text and
image as children :

var sprite :Sprite = new Sprite () ; !

var image Image = new Imagd texture ) ;

var textField :TextField = new TextField (200, 50, "My, carambal");
sprite . addChild(image; "

sprite . addChild(textField ); #

I Create a sprite.

Add an Image to the sprite.

# Add a TextField to the sprite.

The order in which you add the children is important!N!they are placed like
layers on top of each other. Here, textField will appear in front of image

| Image | |TextField|

Figure 26. A speech bubble, made up by an image and a TextField.

Now that those objects are grouped together, you can work with the sprite just
as if it was just one object.

var numChildrert int = sprite . numChildren; !
var totalWidth : Number= sprite . width; "
sprite .x +=50; #

sprite .rotation = deg2rad90); $
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I Query the number of children. Here, the result will be 2.
" width and height take into account the sizes and positions of the children.
# Move everything 50 points to the right.

$ Rotate the group by 90 degrees (Starling always uses radians).

In fact, DisplayObjectContainer defines many methods that help you
manipulate its children:

function addChild(child : DisplayObject ): void;

function addChildAt(child : DisplayObject , index:int ): void;

function contains (child : DisplayObject ): Boolear

function getChildAt (index: int ): DisplayObject ;

function getChildindex (child : DisplayObject ):int ;

function removeChild( child : DisplayObject , dispose: Boolean~false ): void;
function removeChildAt(index:int , dispose: Boolean=false ): void;

function swapChildren( childl : DisplayObject , child2 : DisplayObject ): void;
function swapChildrenAt(index1:int , index2:int ): void;

3.2.3. Coordinate Systems

Every display object has its own coordinate system. The x and y properties, for
example, are not given in screen coordinates: they are always depending on

the current coordinate system. That coordinate system, in turn, is depending

on your position within the display list hierarchy.

To visualize this, imagine pinning sheets of paper onto a pinboard. Each sheet
represents a coordinate system with a horizontal x-axis and a vertical y-axis.
The position you stick the pin through is the root of the coordinate system.

Figure 27. Coordinate systems act like the sheets on a pinboard.
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Now, when you rotate the sheet of paper, everything that is drawn onto it (e.g.
image and text) will rotate with it!N!as do the x- and y-axes. However, the root
of the coordinate system (the pin) stays where it is.

The position of the pin therefore represents the point the x- and y-coordinates
of the sheet are pointing at, relative to the parent coordinate system (= the pin-
board).

Keep the analogy with the pin-board in mind when you create your display
hierarchy. This is a very important concept you need to understand when
working with Starling.

3.2.4. Custom Display Obijects

I mentioned this already: when you create an application, you split it up into
logical parts. A simple game of chess might contain the board, the pieces, a
pause button and a message box. All those elements will be displayed on the

screen!Nlthus, each will be represented by a class derived from DisplayObject .

Take a simple message box as an example.

Figure 28. A gameOs message box.

ThatOs actually quite similar to the speech bubble we just created; in addition to
the background image and text, it also contains two buttons.

This time, instead of just grouping the object together in a sprite, we want to
encapsulate it into a convenient class that hides any implementation details.

To achieve this, we create a new class that inherits from
DisplayObjectContainer . In its constructor, we create everything that makes up
the message box:
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public class MessageBoxxtends DisplayObjectContainer

{

E [Embegbource = "background.png")]

E private static const BackgroundBmitlass;

E [Embegsource = "button.png" )]

E private static const ButtonBmpClass;

E private var _background Image

E private var _textField : TextField ;

E private var _yesButton: Button;

E private var _noButton: Button;

E public function MessageBdtext : String )

E {

E var bgTexture: Texture = Texture. fromEmbeddedAsséBackgroundBm)p
E var buttonTexture : Texture = Texture.fromEmbeddedAsséButtonBmp;
E _background = new Imagd bgTexture) ;

E _textField = new TextField (200, 100 text);

E _noButton = new Button (buttonTexture , "no");
E _yesButton = new Button(buttonTexture , "yes");
E _noButton. x = 20;

E _noButton.y = 10Q

E _yesButton. x = 120Q

E _yesButton.y = 100

E addChild(_background ;

E addChild(_textField );

E addChild(_noButton);

E addChild(_yesButton) ;

E }

}

Now you have a simple class that contains a background image, two buttons
and some text. To use it, just create an instance of MessageBox and add it to the

display tree:

var msgBoxMessageBox new MessageBqxReally exit?" );
addChild( msgBo);
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You can add additional methods to the class (like  fadeln and fadeOut), and code
that is triggered when the user clicks one of those buttons. This is done using
StarlingOs event mechanism, which is shown in a later chapter.

3.2.5. Disposing Display Objects

When you donOt want an object to be displayed any longer, you simply remove
it from its parent, e.g. by calling  removeFromParent() The object will still be
around, of course, and you can add it to another display object, if you want.
Oftentimes, however, the object has outlived its usefulness. In that case, itOs a
good practice to call its dispose method.

msgBoxremoveFromParer) ;
msgBoxdispose() ;

When you dispose display objects, they will free up all the resources that they
have allocated. ThatOs important, because many Stage3D related data is not
reachable by the garbage collector. When you donOt dispose that data, it will
stay in memory, which means that the app will sooner or later run out of
resources and crash.

" When you dispose a container, all of its children will be
disposed, too.

To make things easier, removeFromParent()optionally accepts a Boolean
parameter to dispose the DisplayObject that is being removed. That way, the
code from above can be simplified to this single line:

msgBoxremoveFromParerftrue ) ;

3.2.6. Pivot Points

Pivot Points are a feature you wonOt find in the traditional display list. In

Starling, display objects contain two additional properties: pivotX and pivotY .
The pivot point of an object (also known as  origin , root or anchor ) defines the
root of its coordinate system.

Per default, the pivot pointisat (0, 0) ; in an image, that is the top left position.
Most of the time, this is just fine. Sometimes, however, you want to have it at a
different position!N!e.g. when you want to rotate an image around its center.
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Without a pivot point, youOd have to wrap the object inside a container sprite in
order to do that:

var image Image = new Imagd texture );

var sprite :Sprite = new Sprite () ; !
image x = -image width / 2.0;
imagey = -image height / 2.0;
sprite . addChild(image; "

sprite .rotation = deg2rad45); #

I Create a sprite.

Add an image so that its center is exactly on top of the spriteOs origin.

# Rotating the sprite will rotate the image around its center.

Most long-time Flash developers will know this trick; it was needed quite
regularly. One might argue, however, that itOs a lot of code for such a simple
thing. With the pivot point, the code is reduced to the following:

var image Image = new Imagd texture ) ;
image pivotX = image width [/ 2.0; !
image pivotY = image height / 2.0;
image rotation = deg2rad 45); #

I Move pivotX to the horizontal center of the image.
" Move pivotY to the vertical center of the image.

# Rotate around the center.

No more container sprite is needed! To stick with the analogy used in previous
chapters: the pivot point defines the position where you stab the pin through
the object when you attach it to its parent. The code above moves the pivot

point to the center of the object.
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Figure 29. Note how moving the pivot point changes how the object rotates.

Now that you have learned how to control the pivot point coordinates
individually, letOs take a look at the method  alignPivot() . It allows us to move
the pivot point to the center of the object with just one line of code:

var image Image = new Imagd texture ) ;
image alignPivot () ;
image rotation = deg2rad 45);

Handy huh?

Furthermore, if we want the pivot point somewhere else (say, at the bottom
right), we can optionally pass alignment arguments to the method:

var image Image = new Imag« texture ) ;
image alignPivot (Align . RIGHT Align . BOTTQM
image rotation = deg2rad 45);

That code rotates the object around the bottom right corner of the image.

Gotchas

Be careful: the pivot point is always given in the local coordinate system of the
object. ThatOs unlike the width and height properties, which are actually

relative to the parent coordinate system. That leads to surprising results when
the object is e.g. scaled or rotated.

For example, think of an image that®s 100 pixels wide and scaled to 200%
(image.scaleX = 2.0 ). That image will now returna  width of 200 pixels (twice its
original width). However, to center the pivot point horizontally, youOd still set

pivotX to 50, not 100 In the local coordinate system, the image is still 100 pixels
wide!N!it just appears wider in the parent coordinate system.
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It might be easier to understand when you look back at the code from the
beginning of this section, where we centered the image within a parent sprite.
What would happen if you changed the  scale of the sprite? Would this mean
that you have to update the position of the image to keep it centered? Of course
not. The scale does not affect whatOs happening inside the sprite, just how it
looks from the outside . And itOs just the same with the pivot point property.

If you still get a headache picturing that (as it happens to me,
I actually), just remember to set the pivot point before
. changing the scale or rotation of the object. That will avoid
any problems.

3.3. Textures & Images

We came across the Image and Texture classes several times already; they are
some of the most useful classes in Starling. But how are they used, and whatOs
the difference between the two?

3.3.1. Textures

A texture is just the data that describes an image!Nllike the file that is saved on
your digital camera. You canOt show anybody that file alone: its all zeros and
ones, after all. You need an image viewer to look at it, or send it to a printer.

Textures are stored directly in GPU memory, which means that they can be
accessed very efficiently during rendering. They are typically either created
from an embedded class or loaded from a file. You can pick between one of the
following file formats:

PNG
The most versatile of them all. Its lossless compression works especially well
for images with large areas of solid color. Recommended as default texture
format.

JPG
Produces smaller files than PNG for photographic (and photo-like) images,
thanks to it lossy encoding method. However, the lack of an alpha channel
limits its usefulness severely. Recommended only for photos and big
background images.
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ATF

A format created especially for Stage3D. ATF textures require little texture
memory and load very fast; however, their lossy compression is not
perfectly suited for all kinds of images. We will look at ATF textures in more
detail in a later chapter (see  ATF Textures).

The starling.textures.Texture class contains a number of factory methods
used to instantiate textures. Here are few of them (for clarity, | omitted the
arguments).

public class Texture

static function fromColor() : Texture;

static function fromBitmap() : Texture;

static function fromBitmapDatg)) : Texture;
static function fromEmbeddedAssét: Texture;
static function fromCamer§ : Texture;

static function fromNetStream() : Texture;
static function fromTexture() : Texture;

=7 [T [T M M [T T I

Probably the most common task is to create a texture from a bitmap. That
couldn®t be easier:

var bitmap: Bitmap = getBitmap() ;
var texture : Texture = Texture.fromBitmap(bitmap);

1tOs also very common to create a texture from an embedded bitmap. That can
be done in just the same way:

[ Embeg@source="mushroom.png)] !
public static const MushroomClass;

var bitmap: Bitmap = new Mushroof) ; "
var texture : Texture = Texture.fromBitmap( bitmap); #

I Embed the bitmap.

Instantiate the bitmap.

# Create a texture from the bitmap.

However, there is a shortcut that simplifies this further:
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[ Embe@source="mushroom.png)] !
public static const MushroomClass;

var texture : Texture = Texture.fromEmbeddedAsséMushroom "

I Embed the bitmap.

Create a texture right from the class storing the embedded asset.

Pro Tip

This is not only less code, but it will also require less
memory!

1] The fromEmbeddedAssanethod does some behind-the-scenes
magic to guard for a context loss, and does it more efficiently
than the conventional fromBitmap method can do. We will
come back to this topic later, but for now, just remember that
this is the preferred way of creating a texture from an
embedded bitmap.

Another feature of the  Texture class is hidden in the inconspicuous  fromTexture
method. It allows you to set up a texture that points to an area within another
texture.

What makes this so useful is the fact that no pixels are copied in this process.
Instead, the created SubTexture stores just a reference to its parent texture.
ThatOs extremely efficient!

var texture : Texture = getTexture () ;
var subTexture: Texture = Texture. fromTexture (
E texture , new Rectangle(10, 10, 41, 47));

Shortly, you will get to know the  TextureAtlas class; itOs basically built exactly
around this feature.

3.3.2. Images

WeOve got a couple of textures now, but we still donOt know how to display it on
the screen. The easiest way to do that is by using the  Image class or one of its
cousins.

LetOs zoom in on that part of the family tree.
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@Image
A

@ MovieClip

¥ A Mesh is a flat collection of triangles (remember, the GPU can only draw
triangles).

¥ A Quad is a collection of at least two triangles spawning up a rectangle.

¥ An Image is just a quad with a convenient constructor and a few additional
methods.

¥ A MovieClip is an image that switches textures over time.

While all of these classes are equipped to handle textures, you will probably

work with the Image class most often. ThatOs simply because rectangular
textures are the most common, and the  Image class is the most convenient way
to work with them.

To demonstrate, let me show you how to display a texture with a Quad vs. an
Image.

var texture : Texture = Texture.fromBitmap(...) ;

var quad Quad= new Quadtexture .width, texture .height); !
quad texture = texture ;

addChild(quad;

var image Image = new Imagd texture ); "
addChild(image ;

I Create a quad with the appropriate size and assign the texture, or:
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Create an image with its standard constructor.

Personally, 10d always pick the approach that saves me more keystrokes. WhatOs
happening behind the scenes is exactly the same in both cases, though.

Texture Quad Image )

Figure 30. A texture is mapped onto a quad.

3.3.3. One Texture, multiple Images

1tOs important to note that a texture can be mapped to any number of images
(meshes). In fact, thatOs exactly what you should do: load a texture only once
and then reuse it across the lifetime of your application.

// do NOT do this!!

var imagel Image = new Imagd Texture . fromEmbeddedAsséMushroom) ;
var image2 Image = new Imagée Texture . fromEmbeddedAsséMushroom) ;
var image3 Image = new Imagd Texture . fromEmbeddedAsséMushroom ;

/I instead, create the texture once and keep a reference:

var texture : Texture = Texture.fromEmbeddedAsséMushrood) ;
var imagel Image = new Imagq texture );

var image2 Image = new Imagd texture );

var image3 Image = new Imagd texture );

Almost all your memory usage will come from textures; you will quickly run
out of RAM if you waste texture memory.

3.3.4. Texture Atlases

In all the previous samples, we loaded each texture separately. However, real
applications should actually not do that. HereOs why.

¥ For efficient GPU rendering, Starling batches the rendered Meshes together.
Batch processing is disrupted, however, whenever the texture changes.

¥ In some situations, Stage3D requires textures to have a width and height
that are powers of two. Starling hides this limitation from you, but you will
nevertheless use more memory if you do not follow that rule.
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By using a texture atlas, you avoid both the texture switches and the power-of-
two limitation. All textures are within one big "super-texture", and Starling
takes care that the correct part of this texture is displayed.

Figure 31. A texture atlas.

The trick is to have Stage3D use this big texture instead of the small ones, and
to map only a part of it to each quad that is rendered. This will lead to a very
efficient memory usage, wasting as little space as possible. (Some other
frameworks call this feature  Sprite Sheets.)

Creating the Atlas

The positions of each SubTexture are defined in an XML file like this one:

<TextureAtlas imagePath=atlas.png" >

E<SubTexture name“moon" x="0" y="0" width="30" height="30"/>:
E<SubTexture nameYupiter”  x="30" y="0" width="65" height="78"/>;
E..

</TextureAtlas> ;

As you can see, the XML references one big texture and defines multiple
named SubTextures, each pointing to an area within that texture. At runtime,
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you can reference these SubTextures by their name and they will act just as if
they were independent textures.

But how do you combine all your textures into such an atlas? Thankfully, you
don®t have to do that manually; there are lots of tools around that will help you
with that task. Here are two candidates, but Google will bring up many more.

¥ TexturePacker [https://www.codeandweb.com/texturepacker/ ] is my personal
favorite. You wonOt find any tool that allows for so much control over your
sprite sheets, and its Starling support is excellent (ATF textures, anyone?).

¥ Shoebox [http:/irenderhjs.net/shoebox/ ] is a free tool built with  AIR. While it
doesnOt have as many options for atlas creation as  TexturePacker , it
contains lots of related functionality, like bitmap font creation or sprite
extraction.

Using the Atlas

Okay: youOve got a texture atlas now. But how do you use it? LetOs start with
embedding the texture and XML data.

[ Embe@source="atlas.xml" , mimeTyp&'application/octet-stream” )] !
public static const AtlasXml: Class;

[ Embegsource="atlas.png" )] "
public static const AtlasTexture : Class;

I Embed the atlas XML. DonOt forget to specify the mimeType.

Embed the atlas texture.

Alternatively, you can also load these files from an URL or
' from the disk (if we are talking about AIR). We will look at
that in detail when we discuss StarlingOs AssetManager .

With those two objects available, we can create a new TextureAtlas instance
and access all SubTextures through the method getTexture() . Create the atlas
object once when the game is initialized and reference it throughout its

lifetime.
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var texture : Texture = Texture.fromEmbeddedAsseAtlasTexture ); !
var xml: XML= XM[new AtlasXml()) ;
var atlas : TextureAtlas = new TextureAtlas (texture , xml);

var moonTexture Texture = atlas . getTexture ("moon?); "
var moonlmagdmage = new Image moonTexturg;

I Create the atlas.

Display a SubTexture.

1tOs as simple as that!

3.3.5. Render Textures

The RenderTexture class allows creating textures dynamically. Think of it as a

canvas on which you can paint any display object.

After creating a render texture, just call the

current position, adhering its current rotation, scale and alpha properties.

var renderTexture : RenderTexture = new RenderTexturg(512, 512); !

var brush: Sprite = getBrush() ; "
brush. x = 40;

brush.y = 120,

brush. rotation = 1.41;

renderTexture . draw( brush); #

I Create a new RenderTexture with the given size (in points). It will be
initialized with fully transparent pixels.

In this sample, weOre referencing a display object depicting a brush. We
move it to a certain location.

# The brush object will be drawn to the texture with its current position and
orientation settings.

Drawing is done very efficiently, as it is happening directly in graphics
memory. After you have drawn objects onto the texture, the performance will
be just like that of a normal texture!N!no matter how many objects you have
drawn.
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var image Image = new Imag€ renderTexture ) ;
addChild(imagg); !

I The texture can be used like any other texture.

If you draw lots of objects at once, it is recommended to bundle the drawing
calls in a block via the drawBundledmethod, as shown below. This allows

Starling to skip a few rather costly operations, speeding up the process
immensely.

renderTexture . drawBundled function () : void !

{

E for (var i:int =0; i <numDrawings ++ )

E {

E image rotation = (2 * Math Pl / numDrawingps * i;
E renderTexture . draw(image ; "

E }

D

I Activate bundled drawing by encapsulating all draw-calls in a function.

Inside the function, call  drawjust like before.

You can use any display object like an eraser by setting its blend mode to
BlendMode.ERASIEhat way, you can selectively remove parts of the texture.

brush. blendMode= BlendModeERASE
renderTexture . draw( brush) ;

To wipe it completely clean, use the clear method.
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Context Loss

Unfortunately, render textures have one big disadvantage:
they lose all their contents when the render context is lost.
Context Loss is discussed in detail in a later chapter; in a
nutshell, it means that Stage3D may lose the contents of all
its buffers in certain situations. (Yes, that is as nasty as it

$ sounds.)

Thus, if it is really important that the textureOs contents is
persistent (i.e. itOs not just eye candy), you will need to make
some arrangements. We will look into possible strategies in
the mentioned chapter!N!I just wanted to mention this fact
here so it doesnOt hit you by surprise.

3.4. Dynamic Text

Text is an important part of every application. You can only convey so much
information with images; some things simply need to be described with words,
dynamically at run-time.

3.4.1. TextFields

Starling makes it easy to display dynamic text. The TextField class should be
quite self explanatory!

var textField : TextField = new TextField (100, 20, "text" ); !
textField .format. setTo("Arial" , 12, Color. RED; "

textField .format. horizontalAlign = Align . RIGHT #
textField .border = true; $

I Create a TextField with a size of 100$20 points, displaying the text "text".
" We set the format to "Arial" with a size of 12 points, in red.

# The text is aligned to the right.

$ The border property is mainly useful during development: it will show the
boundaries of the TextField.

' Note that the style of the text is set up viathe  format property,
which points to a starling.text. TextFormat  instance.

Once created, you can use a TextField just like youOd use an image or quad.
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TextFields can have a border and a
color. They can be aligned in
different ways, ...

.. e.q.

top-left...
P or

bottom right...

... or centered. Embedded fonts
are detected automatically and
support basic HTML formatting.

I i5 very ezsy to
uge Bitvraap fonds,

as

Figure 32. A few samples of StarlingOs text rendering capabilities.

3.4.2. TrueType Fonts

Per default, Starling will use system fonts to render text. For example, if you set
up your TextField to use "Arial", it will use the one installed on the system (if it
is).

However, the rendering quality of that approach is not optimal; for example,
the font might be rendered without anti-aliasing.

For a better output, you should embed your TrueType fonts directly into the
SWEF file. Use the following code to do that:
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[ Embe@source=

private static

[ Embe@source=

private static

[ Embe@source=

private static

[ Embefsource=

U+007e)]
private static

“"Arial.ttf" , embedAsCEFRalse” , fontFamily ="Arial" )]

const Arial : Class; !

"Arial Bold. ttf" , embedAsCEFRalse" , fontFamily ="Arial" , fontWeight ="bold" )]

const ArialBold : Class; "

"Arial Italic.ttf" , embedAsCEFalse" , fontFamily ="Arial" , fontStyle ='italic" )]

const Arialltalic :Class; #

" Arial.ttf" , embedAsCFEFRalse" , fontFamily ="Arial" , unicodeRange= "U+0020-

const ArialJustLatin :Class; $

| Embedding the standard Arial font. Note the embedAsCFFpart: donOt skip it!
Otherwise, the font simply wonOt show up.

Bold and italic styles must be embedded separately. Note the fontWeight

attribute here,

# and the fontStyle attribute here.

$ You can also define which glyphs to include, which is useful for big fonts
when you donOt need all Unicode letters. The range shown here is for basic
Latin (upper- and lowercase chars, numerals and common
symbols/punctuations).

After embedding the font, any TextField that is set up with a corresponding
font name (font family) and weight will use it automatically. ThereOs nothing
else to set up or configure.

Beware of the big footprint when embedding all glyphs of a
font. The "unicodeRange" shown above mitigates this
problem. You can generate the ranges using e.g. Unicode
Range Generator [http://renaun.com/blog/2011/10/flash-embed-font-

unicode-range-generator |.

If your text is clipped or does not appear at the correct

position, have a look at your current  stage.quality —setting. A
low quality value often causes Flash/AIR to report incorrect
values regarding the text bounds, and Starling depends on
those values when it draws the text. (IOm talking about the
Flash stage here; and this applies only to TrueType fonts.)
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3.4.3. Bitmap Fonts

Using TrueType fonts as shown above is adequate for text that does not change
very often. However, if your TextField constantly changes its contents, or if you
want to display a fancy font thatOs not available in TrueType format, you

should use a bitmap font instead.

A bitmap font is a texture containing all the characters you want to display.
Similar to a TextureAtlas , an XML file stores the positions of the glyphs inside
the texture.

This is all Starling needs to render bitmap fonts. To create the necessary files,
there are several options:

¥ Littera [http://kvazars.com/littera/ ], a full-featured free online bitmap font
generator.

¥ Bitmap Font Generator [http://www.angelcode.com/products/omfont/ ], a tool
provided by AngelCode that lets you create a bitmap font out of any
TrueType font. It is, however, only available for Windows.

¥ Glyph Designer [http:/iglyphdesigner.71squared.com ] for macOS, an excellent
tool that allows you to add fancy special effects to your fonts.

¥ bmGlyph [http:/mww.bmglyph.com ], also exclusive for macQOS, available on the

App Store.

The tools are all similar to use, allowing you to pick one of your system fonts
and optionally apply some special effects. On export, there are a few things to
consider:

¥ Starling requires the XML variant of the fnt format.

¥ Make sure to pick the right set of glyphs; otherwise, your font texture will
grow extremely big.

Theresultis a .fnt file and an associated texture containing the characters.
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Figure 33. A bitmap font that has color and drop shadow included.
To make such a font available to Starling, you can embed it in the SWF and

register it at the TextField class.

[ Embegsource="font.png" )]
public static const FontTexture: Class;

[ Embe@source="font.fnt" , mimeType'application/octet-stream” )]
public static const FontXml Class;

var texture : Texture = Texture.fromEmbeddedAsséFontTexture);
var xml: XML= XM{new FontXm()) ;

var font : BitmapFont = new BitmapFont(texture , xml); !

TextField . registerCompositor (font, font.namg; "

I Create an instance of the BitmapFont class.

Register the font at the TextField class.

Once the bitmap font instance has been registered at the TextField class, you
don®t need it any longer. Starling will simply pick up that font when it
encounters a TextField that uses a font with that name. Like here:
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var textField :TextField = new TextField (100, 20, "Hello World" );
textField .format.font = "fontName"; !
textField .format.size = BitmapFont NATIVE_SIZE"

I To use the font, simply reference it by its name. By default, thatOs what is
stored in the face attribute within the XML file.

Bitmap fonts look best when they are displayed in the exact size that was
used to create the font texture. You could assign that size manually!N!but
itOs smarter to let Starling do that, viathe NATIVE_SIZEonstant.

Gotchas

There®s one more thing you need to know: if your bitmap font uses just a single
color (like a normal TrueType font, without any color effects), your glyphs need
to be exported in pure white. The  format.color property of the TextField can
then be used to tint the font into an arbitrary color at runtime (simply by
multiplication with the RGB channels of the texture).

On the other hand, if your font does contains colors (like the sample image
above), itOs the TextFieldOsormat.color property that needs to be set to white
(Color.WHITH. That way, the color tinting of the TextField will not affect the
texture color.

For optimal performance, you can even add bitmap fonts to
your texture atlas! That way, your texts may be batched
together with regular images, reducing draw calls even
more.

To do that, simply add the font®s PNG image to your atlas, just
like the other textures. Then initialize the bitmap font with
' the SubTexture from the atlas and the regular .fnt file.

When you support multiple scale factors (a concept we will
look at in the Mobile Development chapter), the process
becomes a little difficult, though. You cannot simply create
one high resolution font and have the atlas generator scale it
down; this would result in occasional graphical glitches. Each
scaled font must be created separately by the bitmap font
creator.
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The MINI Font

Starling actually comes with one very lightweight bitmap font included. It
probably wonOt win any beauty contests!N!but itOs perfect when you need to
display text in a prototype, or maybe for some debug output.

Tha quick brown Fox jumps oUaF
tha lazy dog.

Figure 34. The "MINI" bitmap font.

When | say lightweight, | mean it: each letter is only 5 pixels high. There is a
trick, though, that will scale it up to exactly 200% its native size.

var textField :TextField = new TextField (100, 10, "The quick brown fox ..." );
textField .format.font = BitmapFont MINI; !

textField .format.size = BitmapFont NATIVE_SIZE 2; "

I Use the MINI font.

Use exactly twice the native size. Since the font uses nearest neighbor
scaling, it will stay crisp!

3.5. Event Handling

You can think of events as occurrences of any kind that are of interest to you as
a programmer.

¥ For example, a mobile app might notify you that the device orientation has
changed, or that the user just touched the screen.

¥ On a lower level, a button might indicate that it was triggered, or a knight
that he has run out of health points.

ThatOs what Starling®s event mechanism is for.

3.5.1. Motivation

The event mechanism is a key feature of StarlingOs architecture. In a nutshell,
events allow objects to communicate with each other.

You might think: we already have a mechanism for that'N!methods! ThatOs
true, but methods only work in one direction. For example, look at a
MessageBox that contains a Button .
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[ MessageBox ]

l Method

The message box owns the button, so it can use its methods and properties, e.g.

public class MessageBoxxtends DisplayObjectContainer

{
E private var _yesButton: Button;

E private function disableButton () : void
E {

E _yesButton. enabled = false ; !

E }

}

I Communicate with the Button via a property.

The Button instance, on the other hand, does not own a reference to the
message box. After all, a button can be used by any component!N!itOs totally
independent of the MessageBox class. ThatOs a good thing, because otherwise,
you could only use buttons inside message boxes, and nowhere else. Ugh!

Still: the button is there for a reason!N!if triggered, it needs to tell somebody
about it! In other words: the button needs to be able to send messages to its
owner, whoever that is.

[ MessageBox ]

Event
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3.5.2. Event & EventDispatcher

| have something to confess: when | showed you the class hierarchy of
Starling®s display objects, | omitted the actual base class: EventDispatcher .

@ EventDispatcher

DISP layObject

/N

@ DisplayObjectContainer @ Mesh

This class equips all display objects with the means to dispatch and handle
events. ItOs not a coincidence that all display objects inherit from
EventDispatcher ; in Starling, the event system is tightly integrated with the
display list. This has some advantages we will see later.

Events are best described by looking at an example.

Imagine for a moment that youOve got a dog; letOs call him  Einstein . Several
times each day, Einstein will indicate to you that he wants to go out for a walk.
He does so by barking.
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class Dogextends Sprite

=7 [T [T [T [T [T T M

function advanceTimé) : void
{
if (timeToPeg§
{
var event: Event = new Event("bark" ); !
dispatchEvent (event); "
}
}

var einstein : Dog= new Dod) ;
einstein . addEventListener ("bark" , onBark; #

function onBark( event: Event): void $

{

E einstein .walk() ;

}

$

The string bark will identify the event. ItOs encapsulated inan  Event
instance.

Dispatching event will send it to everyone who subscribed to bark events.

Here, we do subscribe by calling addEventListener. The first argument is the
event type, the second the listener (a function).

When the dog barks, this method will be called with the event as parameter.

You just saw the three main components of the event mechanism:

¥

¥

¥

Fro

Events are encapsulated in instances of the  Event class (or subclasses
thereof).

To dispatch an event, the sender calls dispatchEvent , passing the Event
instance along.

To listen to an event, the client calls addEventListener , indicating which
type of event he is interested in and the function or method to be called.

m time to time, your aunt takes care of the dog. When that happens, you

don®t mind if the dog barks!N!your aunt knows what she signed up for! So you
remove the event listener, which is a good practice not only for dog owners,

but

132

also for Starling developers.
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einstein . removeEventListener("bark", onBark; !
einstein . removeEventListeners("bark" ); "

I This removes the specific onBarklistener.

" This removes all listeners of that type.

So much for the bark event. Of course, Einstein could dispatch several different
event types, for example howl or growl events. 1tOs recommended to store such
strings in static constants, e.g. right in the  Dogclass.

class Dogextends Sprite

public static const BARKString = "bark";
public static const HOWBtring = "howl";
public static const GROW&tring = "growl" ;

~ I M m

einstein . addEventListener (Dog GROW!Iburglar . escape) ;
einstein . addEventListener (Dog HOWLneighbor. complain);

Starling predefines several very useful event types right in the Event class.
HereOs a selection of the most popular ones:

¥ Event. TRIGGERED: a button was triggered

¥ Event.ADDED: a display object was added to a container

¥ Event. ADDED_TO_STAGE: a display object was added to a container that is
connected to the stage

¥ Event.REMOVED: a display object was removed from a container

¥ Event. REMOVED_FROM_STAGE: a display object lost its connection to the
stage

¥ Event.ENTER_FRAME: some time has passed, a new frame is rendered
(weOll get to that later)

¥ Event. COMPLETE: something (like a MovieClip instance) just finished
3.5.3. Custom Events

Dogs bark for different reasons, right? Einstein might indicate that he wants to
pee, or that he is hungry. It might also be a way to tell a cat that itOs high time to
make an exit.
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Dog people will probably hear the difference (IOm a cat person; | wonOt). ThatOs
because smart dogs set up a BarkEvent that stores their intent.

public class BarkEvent extends Event

{
E public static const BARKString = "bark" ; !

E private var _reason: String ; "

E public function BarkEvent(type: String , reason: String , bubbles: Boolean=false )
E {

E super(type, bubbles); #

E _reason = reason;

E }

E public function get reason() : Boolean { return _reasonm } $

}

I 1tOs a good practice to store the event type right at the custom event class.

" The reason for creating a custom event: we want to store some information
with it. Here, thatOs the reason String.

# Call the super class in the constructor. (We will look at the meaning of
bubbles shortly.)

$ Make reason accessible via a property.

The dog can now use this custom event when barking:
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class Dogextends Sprite

{

E function advanceTimé : void

E {

E var reason: String = this . hungry ? "hungry" : "pee";

E var event: BarkEvent = new BarkEvent BarkEvent BARK reason);
E dispatchEvent (event) ;

E }

}

var einstein : Dog= new Dod) ;
einstein . addEventListener (BarkEvent BARK onBarK) ;

function onBarl{ event: BarkEvent): void !

if (event.reason == "hungry") "
einstein . feed() ;

else
einstein . walk() ;

=~ T [T [T M

I Note that the parameter is of type  BarkEvent.

ThatOs why we can now access the reason property and act accordingly.

That way, any dog owners familiar with the BarkEvent will finally be able to
truly understand their dog. Quite an accomplishment!

3.5.4. Simplifying

Agreed: itDs a little cumbersome to create that extra class just to be able to pass
on that reason string. After all, itOs very often just a single piece of information
we are interested in. Having to create additional classes for such a simple
mechanism feels somewhat inefficient.

ThatOs why you wonOt actually need the subclass-approach very often. Instead,
you can make use of the data property of the Event class, which can store
arbitrary references (its type:  Object).

Replace the BarkEvent logic with this:
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/I create & dispatch event

var event: Event = new Event(Dog BARK
event. data = "hungry"; !

dispatchEvent (event) ;

/I listen to event
einstein . addEventListener (Dog BARK onBark) ;
function onBarl{ event: Event): void

{

E trace ("reason:" + event.data as String ); "

}

I Store the reason for barking inside the  data property.

To get the reason back, cast data to String .

The downside of this approach is that we lose some type-safety. But in my
opinion, 10d rather have that castto  String than implement a complete class.

Furthermore, Starling has a few shortcuts that simplify this code further! Look
at this:

/I create & dispatch event
dispatchEventWith (Dog BARK false , "hungry"); !

/I listen to event
einstein . addEventListener (Dog BARK onBark) ;
function onBarl{ event: Event, reason: String ) : void

{

E trace ("reason:" + reason); "

}

I Creates an event of type Dog.BARKoopulates the data property, and
dispatches the event!N!all in one line.

The data property is passed to the (optional) second argument of the event
handler.

We got rid of quite an amount of boiler plate code that way! Of course, you can
use the same mechanism even if you don®t need any custom data. LetOs look at
the most simple event interaction possible:
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/I create & dispatch event
dispatchEventWith (Dog HOWL !

/I listen to event
dog addEventListener (Dog HOWLonHow} ;
function onHow{) : void "

{

E trace ("hoooh!");

}

I Dispatch an event by only specifying its type.

Note that this function doesnOt contain any parameters! If you donOt need
them, thereOs no need to specify them.

The simplified dispatchEventWith call is actually even more

' memory efficient, since Starling will pool the Event objects

behind the scenes.

3.5.5. Bubbling

In our previous examples, the event dispatcher and the event listener were

directly connected viathe addEventListener method. But sometimes, thatOs not

what you want.

LetOs say you created a complex game with a deep display list. Somewhere in

the branches of this list, Einstein (the protagonist-dog of this game) ran into a
trap. He howils in pain, and in his final breaths, dispatches a GAME_OVéent.

Unfortunately, this information is needed far up the display list, in the gameOs
root class. On such an event, it typically resets the level and returns the dog to
its last save point. It would be really cumbersome to hand this event up from
the dog over numerous display objects until it reaches the game root.

ThatOs a very common requirement!N!and the reason why events support
something that is called bubbling .

Imagine a real tree (itOs your display list) and turn it around by 180 degrees, so
that the trunk points upwards. The trunk, thatOs your stage, and the leaves of
the tree are your display objects. Now, if a leaf creates a bubbling event, that
event will move upwards just like the bubbles in a glass of soda, traveling from
branch to branch (from parent to parent) until it finally reaches the trunk.

Chapter 3. Basic Concepts

137



Figure 35. An event bubbles all the way up to the stage.

Any display object along this route can listen to this event. It can even pop the
bubble and stop it from traveling further. All that is required to do that is to set
the bubbles property of an event to true.

/I classic approach:
var event: Event = new Event("gameOver; true); !
dispatchEvent (event) ;

/I one-line alternative:
dispatchEventWith ("gameOQver,' true); "

I Passing true as second parameter of the Event constructor activates
bubbling.

Alternatively, dispatchEventWith takes the exact same parameters.

Anywhere along its path, you can listen to this event, e.g. on the dog, its parent,
or the stage:

dog addEventListener ("gameOver, onGameOvgr
dog parent. addEventListener ("gameOver, onGameOvgr
stage. addEventListener ("gameOver, onGameOvgr

This feature comes in handy in numerous situations; especially when it comes
to user input via mouse or touch screen.
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3.5.6. Touch Events

While typical desktop computers are controlled with a mouse, most mobile
devices, like smartphones or tablets, are controlled with your fingers.

Starling unifies those input methods and treats all "pointing-device" input as
TouchEvent That way, you donOt have to care about the actual input method
your game is controlled with. Whether the input device is a mouse, a stylus, or
a finger: Starling will always dispatch touch events.

First things first: if you want to support multitouch, make sure to enable it
before you create your Starling instance.

Starling . multitouchEnabled = true ;

var starling :Starling = new Starling (Game stage);
starling . simulateMultitouch = true ;

Note the property simulateMultitouch . If you enable it, you can simulate
multitouch input with your mouse on your development computer. Press and

hold the Ctrl or Crd keys (Windows or Mac) when you move the mouse cursor
around to try it out. Add ~ Shi f t to change the way the alternative cursor is
moving.

Figure 36. Simulating Multitouch with mouse and keyboard.

To react to touch events (real or simulated), you need to listen for events of the
type TouchEvent. TOUCH

sprite . addEventListener (TouchEvent TOUGHonTouch;
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You might have noticed that 1Ove just added the event listener to a Sprite
instance. Sprite, however, is a container class; it doesnOt have any tangible
surface itself. Is it even possible to touch it, then?

Yes, it is!N!thanks to bubbling .

To understand that, think back to the ~ MessageBox class we created a while ago.
When the user clicks on its text field, anybody listening to touches on the text

field must be notified!N!so far, so obvious. But the same is true for somebody
listening for touch events on the message box itself; the text field is part of the
message box, after all. Even if somebody listens to touch events on the stage, he
should be notified. Touching any object in the display list means touching the

stage!

Thanks to bubbling events, Starling can easily represent this type of

interaction. When it detects a touch on the screen, it figures out which leaf
object was touched. It creates a TouchEvent and dispatches it on that object.
From there, it will bubble up along the display list.

Touch Phases

Time to look at an actual event listener:

private function onToucljevent: TouchEven}: void

var touch: Touch = event. getTouch(this , TouchPhaseBEGAN
if (touch)
{

var localPos : Point = touch. getLocation (this );
trace ("Touched object at position: " + localPos);
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ThatOs the most basic case: Find out if somebody touched the screen and trace
out the coordinates. The method getTouchis provided by the TouchEvent class
and helps you find the touches you are interested in.

The Touch class encapsulates all information of a single
' touch: where it occurred, where it was in the previous frame,
etc.

As first parameter, we passed this to the getTouchmethod. Thus, weOre asking
the event to return any touches that occurred on this or its children .
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Touches go through a number of  phases within their lifetime:

TouchPhase.HOVER Only for mouse input; dispatched when the
cursor moves over the object with the mouse
button up.

TouchPhase.BEGAN The finger just hit the screen, or the mouse

button was pressed.

TouchPhase.MOVED The finger moves around on the screen, or the
mouse is moved while the button is pressed.

TouchPhase.STATIONARY The finger or mouse (with pressed button) has
not moved since the last frame.

TouchPhase.ENDED The finger was lifted from the screen or from
the mouse button.

Thus, the sample above (which looked for phase ~ BEGANill write trace output
at the exact moment the finger touches the screen, but not while it moves
around or leaves the screen.

Multitouch

In the sample above, we only listened to single touches (i.e. one finger only).
Multitouch is handled very similarly; the only difference is that you call
touchEvent.getTouches instead (note the plural).
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var touches: Vector. <Touch> = event. getToucheq this , TouchPhaseMOVED
(touches. length == 1)
/I one finger touching (or mouse input)

var touch: Touch = touches[ 0] ;
var movementPoint = touch. getMovemertthis );

>~ mmm— =

else if (touches.length >=2)

/[ two or more fingers touching
var touchl: Touch = touches[ Q] ;
var touch2: Touch = touches[ 1] ;
I ...

S~ [T M m m

The getTouchesmethod returns a vector of touches. We can base our logic on
the length and contents of that vector.

¥ In the first if-clause, only a single finger is on the screen. Via  getMovement
we could e.g. implement a drag-gesture.

¥ In the else<clause, two fingers are on the screen. By accessing both touch
objects, we could e.g. implement a pinch-gesture.

We will go into the details of how to recognize dragging and pinching in the
Touch Gestures section.

Mouse Out and End Hover

ThereOs a special case to consider when you want to detect that a mouse was
moved away from an object (with the mouse button in "up"-state). (This is only
relevant for mouse input.)

If the target of a hovering touch changed, a  TouchEvent is dispatched to the
previous target to notify it that itOs no longer being hovered over. In this case,
the getTouchmethod will return  null . Use that knowledge to catch what could
be called a mouse out event.

var touch: Touch = event. getTouch(this );
if (touch ==null)
E resetButton () ;
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3.6. Animations

Animations are not only a fundamental part of any game; even modern
business apps are expected to provide smooth and dynamic transitions. Some
well placed animations go a long way towards providing a responsive and
intuitive interface. To help with that, Starling offers a very flexible animation
engine.

If you think about it, there are two types of animations.

¥ On the one hand, youOve got animations that are so dynamic that you donOt
know beforehand what exactly will happen. Think of an enemy thatOs
moving towards the player: its direction and speed need to be updated each
frame, depending on the environment. Or physics: each additional force or
collision changes everything.

¥ Then there are animations that follow a meticulous plan; you know from
the beginning exactly what will happen. Think of fading in a message box
or transitioning from one screen to another.

We will look at both of these types in the following sections.

3.6.1. EnterFrameEvent

In some game engines, you have what is called a  run-loop . ThatOs an endless
loop which constantly updates all elements of the scene.

In Starling, due to the display list architecture, such a run loop would not make
much sense. You separated your game into numerous different custom display
objects, and each should know for itself what to do when some time has
passed.

ThatOs exactly the point of the EnterFrameEvent : allowing a display object to
update itself over time. Every frame, that event is dispatched to all display
objects that are part of the display list. Here is how you use it:
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public function CustomObjecf)

{
E addEventListener (EnterFrameEvent ENTER_FRAMIBEnNterFramg; !

}

private function onEnterFramégevent: EnterFrameEvenj: void

{

E trace ("Time passed since last frame: " + event. passedTimeg;
E bird . advanceTim¢passedTime;

}

I You can add a listener to this event anywhere, but the constructor is a good
candidate.

ThatOs what the corresponding event listener looks like.
The method onEnterFrameis called once per frame, and itOs passed along the
exact time that has elapsed since the previous frame. With that information,

you can move your enemies, update the height of the sun, or do whatever else
is needed.

The power behind this event is that you can do completely different things
each time it occurs. You can dynamically react to the current state of the game.

For example, you could let an enemy take one step towards the player; a simple
form of enemy Al, if you will!
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Simplified Version

Actually, | tend to use the following, slightly condensed code instead:

public function CustomObjec()

{
E addEventListener (Event. ENTER_FRAMIREnterFramg; !

}

private function onEnterFramégevent: Event, passedTimeNumber: void "

{

E trace ("Time passed since last frame: " + event. passedTim¢;

}

I Since the ENTER_FRA&{ENt is used so often, Starling defines the type
constant on the Event class, too.

" You can tell Starling to send passedTimeas the second parameter of the
event handler. Since you donOt need any other properties of the
EnterFrameEvent , there is no need to fully qualify the class.

This is exactly equivalent to the original code!N!the sole advantage being
that you save a couple of key strokes. For lazy developers like me, thatOs
all the reason | need to prefer this variant!

3.6.2. Tweens

Now to predefined animations. They are very common and have names such

as movement, scale, fade, etc. StarlingOs approach on these kinds of animations
is simple!N!but at the same time very flexible. Basically, you can animate any
property of any object, as long as it is numeric ( Numberint , uint ). Those
animations are described in an object called Tween.

The term "Tween" comes from hand drawn animations,

' where a lead illustrator would draw important key frames,
. while the rest of the team drew the frames in-be tween those
frames.
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Figure 37. The different frames of a tween.

Enough theory, letOs go for an example:

var tween Tween= new Tweefiball , 0.5);

tween animate("x", 20);
tween animate("scale” , 2.0);
tween animate( "alpha", 0.0);

This tween describes an animation that moves the ball objectto x =20, scales
it to twice its size and reduces its opacity until it is invisible. All those changes

will be carried out simultaneously over the course of half a second. The start

values are simply the current values of the specified properties.

This sample showed us that

¥ you can animate arbitrary properties of an object, and that

¥ you can combine multiple animations in one tween object.

Apropos: since scaling, fading and movement are done so frequently, the
Tween class provides specific methods for that, too. So you can write the
following instead:

tween moveTp20, 0); // animate "x" and "y"
tween scaleTo(2); /[ animate "scale”
tween fadeTo(0) ; /[ animate "alpha”

An interesting aspect of tweens is that you can change the way the animation is
executed, e.g. letting it start slow and get faster over time. ThatOs done by
specifying a transition type.
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