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Introduction

This book is about making web games with JavaScript for today’s most promising mobile
platform—Android. Game development is a challenging subject. Games aim to simulate life in
some form or another, and the more realistic you want a simulation to be, the more knowledge
and skill you have to apply to make it believable. Video games is the place where mathematics—
which is quite typical in programming—meets kinematics, optics, acoustics, artificial
intelligence, art, music, and storytelling. Where else can you find a mix like that?

Why JavaScript and HTML5? If you are holding this book in your hands, then you
probably already have your answer to that question. If you are curious about my reasoning, it’s
because JavaScript is the most popular cross-platform client-side solution that developers have at
their disposal. Every device that has Internet access also has a browser—from desktop computers
and smartphones to tablets and set-top boxes. And without a doubt, every browser has
JavaScript. An application built with a standard HTML5 stack will run on most devices. You want
your game to be fast? You want it on desktops, mobiles, and tablets on Windows, i0S, Linux, and
Android? You don’t want to rewrite the code for a set of heterogeneous platforms in different
programming languages? HTML5 comes to rescue!

The goal of this book is to give you a deep understanding of the algorithms and
approaches that stand behind the most common types of games. I prefer this approach to that of
streamlined how-to guides that often sacrifice important details in favor of immediate results.
While the “how-to” approach might look like a quicker way to get to the goal, it usually leaves
readers with knowledge gaps to fill on their own. Of course, this book has plenty of how-to
examples in addition to thorough coverage of the underlying concepts.

That’s why I couldn’t avoid putting some math in the book. Yeah, there are few formulas
on the pages. Real gamedev is impossible without fair amount of math. You don’t need to have
any special knowledge of mathematics beyond what you already know from school to master
every subject in this book. If you are already proficient with math, you might find some
explanations too obvious—feel free to skip them.

In this book, I deliberately avoided using any existing “Swiss Army knife”-style libraries
like jQuery, prototype.js, or Underscore.js because I didn’t want the examples to be hard-wired
with any of them. While there are many great libraries, every developer has his own preferences. I
find library-agnostic code to be the friendliest.

What This Book Is About

This book is about making games for the Android platform with HTML5 and JavaScript. It will
guide you from an empty HTML page to a full-blown HTML5 game with animations, sound,
endless worlds, and multiplayer support.

The following are among the many things you learn in this book:



How to draw game elements with the Canvas element; how to use sprites and sprite
sheets; and how to capture user input.

How the exciting world of 3D programming works—including WebGL, one of the
most promising APIs for web game development.

How to create multiplayer games with the help of Node.js—the tool that brings the
power of JavaScript to the server.

How to establish real-time communication between users and let them play against
each other in online matches. All of this is possible with JavaScript. You don’t need to
know any other server-side language to write efficient server-side code!

How to make computer-controlled characters behave intelligently—have them find
their way through the world and make decisions with the help of AT algorithms.

How to add some neat sound effects.

How to publish our masterpiece in the Android Market.

This book covers many gamedev algorithms and optimizations, most of which are not
limited to JavaScript. Once you learn them, you will be able to quickly master game development
on other platforms. Understanding how 3D rendering or pathfinding works will help you to build
games for any platform, not just the web.

This book is about making games and writing the most exciting applications in the
world—and having real fun while doing so.

What This Book Is Not About

This book is not about web programming in general. I will not cover what HTML is or how HTTP
works. I assume that you already know how to write basic JavaScript and embed it into an HTML
page. You don't need to be a web development guru, but at the very least, you need understand
the language core. Operators, functions, objects, and variables should be familiar to you. If you
don’t feel comfortable with these concepts, you might want to start with Terry McNavage’s
JavaScript for Absolute Beginners (Apress, 2010).

This book is not about game design—creating levels, building character personalities, or
designing economics for the online world. Everything related to the gameplay, story, plot,
characters, and game mechanics is out of scope. While these topics are extremely interesting,
there are special books devoted to them. One such book that I would recommend is Game
Design: Theory and Practice, Second Edition, by Richard Rouse III Jones & Bartlett, 2004).

Who Is This Book For?

This book is for programmers. It will guide you through the technical aspects of creating a
game—rendering 2D and 3D graphics, user input, networking, sound, artificial intelligence, and
publishing the game on the application market. Every concept explained here is illustrated with
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code examples that you can run on your Android smartphone or tablet. I tried to make the book
as practical as possible—working code is a very important way to provide a kick-start.

If you are a web developer and you want to learn how to make games for Android
devices, this book is for you. You don’t need experience with any specific JavaScript library—or
even experience making sites for mobile platforms—to get the most out of this book. If you know
how to make a personal web page from the scratch with some JavaScript in it, that’s about
enough to get started.

If you are a game developer who created games for other platforms, and you want to
leverage your experience to HTML5 and Android, this book is also for you. If this is the case, some
sections might look familiar or even obvious to you. For example, if you have worked with
OpenGL from within a Java application, you probably know what a shader is or how to map
texture to polygons. Feel free to skip such sections and focus on practical aspects—JavaScript
listings and examples that come with the book.

About the Art Files

This book comes with some great art created especially for it by Sergey Lesiuk (isometric tiles and
buildings) and the guys at Marcus Studio (an animated knight character). You may use this art in
your own projects—free or commercial—without tricky restrictions. The complete license text is
distributed with the files.

Free and unrestricted art is very important in the early stages of development. It feels so
much better to work on a game that looks like a game rather than a mess of stub graphics. The
initiative to share commercial-looking sprites for free was inspired by Daniel Cook on his
wonderful web site at www.lostgarden.com. I encourage you to join and share your gamedev assets
for free—the developer community will be most grateful.

How This Book Is Structured

The book is divided into four parts that we jokingly call “worlds.”

2D Worlds

This part of the book is devoted to 2D graphics and the Canvas element. It also gets you started in
Chapter 1, “Preparing the Environment,” by setting up required tools: the IDE, the web server,
Java SDK, and the Android emulator. Once all of these are set, you are ready for action.

Chapter 2, “Graphics in the Browser: The Canvas Element,” is where the magic starts.
You will learn how to render shapes on HTML5 Canvas, how to use paths and curves, gradients
and fills, transformations, and states of the 2D context.

In Chapter 3, “Creating the First Game,” you create your first project—the Four Balls
game. This small project uses elements you created in Chapter 2 and illustrates important, basic
game development concepts, such as game state, mechanics, turn validation, and win/lose
conditions.

Modern games are impossible without colorful animations. Chapter 4, “Animation and
Sprites,” guides you through the process of loading the images and drawing a running character
frame by frame. You will also learn more advanced animation effects, such as interpolation,
acceleration, deceleration, and easing functions.

Chapter 5, “Event Handling and User Input,” will introduce you to the methods of
working with input in your game. You'll learn how to capture browser events and build a high-
level API for complex input models. We'll explore drag-and-drop and pixel-perfect picking with
color masks.



At this point, you will be able to create your own simple games, as you will have all the
“starter tools” under your belt. So it is time to move to the more advanced topics—rendering
game worlds.

In Chapter 6, “Rendering Virtual Worlds,” you'll learn how to render Really Big Worlds.
We start with the simplest tile-map technique and gradually optimize it. You learn how to cache
the fragments of the map, how to use the offscreen buffer, and render the world objects such as
trees and rocks.

Chapter 7, “Making an Isometric Game,” is the longest chapter of the book. It is devoted
to isometric 2D game engines. The isometric view is the most popular way to represent the game
world in strategy games, RPGs, tactics, and many other popular genres. You will learn about
isometric projection, the shape of tiles, and the ways to render them. In addition to techniques
described in Chapter 6, we’ll introduce more rendering optimizations—the dirty rectangles
algorithm and clustering of world objects. The result of this chapter is our second big project—an
isometric engine ready to be used in the next strategy game or RPG.

3D Worlds

The “3D Worlds” part introduces 3D graphics—from the basic rendering concepts to WebGL.

In Chapter 8, “3D in a Browser,” we learn what 3D is, how it works, and the math
behind it.

Chapter 9, “Using WebGL,” is devoted to WebGL—a very promising web standard that is
making its way into the mobile world. You'll learn how to initialize WebGL, write shaders, work
with geometry data, load textures, and work with 3D models.

Connecting Worlds

“Connecting Worlds” is all about communication and talking to the server. We start with learning
Node.js and the Express framework in Chapter 10, “Going Server-Side.” This chapter ranges from
Node installation to a simple game server with proper templates, session handling, logging, error
handling, and notifications.

In Chapter 11, “Talking to the Server,” we move back to the client-side and learn how to
connect to a server from a web page and exchange data with other players. We will look at
different ways of communication, often called transports, and learn their pros and cons.

In Chapter 12, “Making Multiplayer Games,” you make your third big project—the
multiplayer version of Four Balls—with Node.js, Express, and Socket.10.

Improving Worlds

The final part is devoted to various small aspects of game development.

Chapter 13, “Al in Games,” is about artificial intelligence—breathing life into computer-
controlled opponents. You will learn basic approaches to pathfinding and decision making—a
good start to making bots look intelligent.

Chapter 14, “JavaScript Game Engines,” discusses game engines and introduces
Crafty.js—a small yet quite powerful game engine written in JavaScript. Here’s where you
complete a fourth project—an Escaping Knight game.

Chapter 15, “Building Native Applications,” explains what it takes to publish an HTML5
game as the native application to the Android Market. We will go through all steps of the
process—packaging the game, signing it with the key, preparing it for market, and publishing—
and then update the game to the next version.
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Chapter 16, “Adding Sound,” adds the final touch to the game—sound. In this chapter,
you'll use SoundManager? to load and play sounds in the Escaping Knight game. You will learn
how to loop background MP3s, play “click sounds,” and notify the user about game events.

Appendix

Appendix A, “Debugging Web Applications,” explains how to debug JavaScript games. We try
hard to write good code, but we're all human—mistakes are unavoidable. This appendix will give
you a good understanding of how to find bugs and quickly eliminate them, saving more time for
development.

Contacting the Author
If you have any questions, suggestions, comments, or ideas regarding this book or HTML5 game

development in general, I'd be happy to receive your feedback via e-mail at
juriy.bura@gmail.com, my web site at http://juriy.com, or on Twitter at @juriy.

Xix
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Chapter

Getting Started

The goal of this chapter is to prepare a comfortable workspace for development.
The environment and tools for mobile development are always a little more
complicated than regular desktop projects. When it comes to Android and
JavaScript in a single application, the right tools in the right place can make a
huge difference. But a workspace is not only about tools. It is also very
important to set up coding standards and best practices to follow during the
development process. Coding conventions and basic architectural decisions are
also discussed in this chapter.

Being a seasoned developer, you already have certain preferences in tools and
coding approaches. For example, every web programmer has his favorite
integrated development environment (IDE) and browser for basic testing. You
probably also have your own vision on writing good and maintainable JavaScript
code. If you are comfortable with your preferences, use them. At the very least, |
encourage you to try the tools and techniques that are described in this chapter.
You might find some of them more convenient.

This chapter is divided into two parts—tools and techniques—each describing
its own important aspect of development. In this chapter, we will do the
following:

Tools:
Install Java Development Kit
Compare IDEs with good support of JavaScript
Install web server (nginx in the first part of the book)

Install Android SDK and configure the emulator
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Create a basic web page and make sure that it loads in a
desktop browser, a real device, and the emulator

Technigues:
Review the JavaScript best coding practices

Implement a simple inheritance mechanism that will be
used for OOP code throughout the book

Tools

In this section, we review and set up tools that are required to build JavaScript
applications. JavaScript is a mature platform that is used to create complex
state-of-the-art software. Naturally, there are a lot of software components that
help to create, test, and debug rich JavaScript pages.

JavaScript is a dynamic language, unlike Java or C++. The major difference
between static and dynamic languages is that a static language must define the
data structures before runtime. In a static language, for example, a programmer
who wants to create a class called Van has to explicitly describe all the
properties and methods that it has: color, maxSpeed, drive(), and so forth.
Every object of the Van type has the same strictly defined interface. No surprises
here.

Dynamic languages like JavaScript allow adding, removing, or changing the
structure of any class or object af runtime. So, tricks like the following are
possible and valid:

var van = getTheRandomVan();
van.drive = racingCar.makeUTurn; // valid assignment of the new property

Just like that, you can take the method from the object of a different class and
use it instead of the existing method. In this case, only one instance of van is
affected, the rest of the objects stay intact!

As you can see, a lot of things can happen with the JavaScript data structures at
runtime: the variables can change their types, and existing objects can be
extended with the new methods using the local code or the code that was
downloaded from the remote server via Ajax call.

The dynamic behavior gives extreme power to the language, but makes it way
harder for tools like IDEs to predict the structure of the objects and their types.
The dynamic nature of JavaScript prevents code analyzers from helping you in
the same way they help with the “classic” static-typed languages.
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What We’ll Need

Since we are going to make games for the web, we need to set up a small web-
like infrastructure that mimics a real environment. As a bare minimum, we need
the following three components:

An integrated development environment (IDE)

A web server to serve static files: HTML pages, JavaScript
files, images, and others

A device emulator or a real device to test the product
This list is far from complete, of course, but it’s a good start.

The goal of this section is to create a plain “Hello World” HTML page that can
be viewed with an emulator, a real device, and a desktop browser. Once you
see that this setup works, you can forget about the environment and focus on
writing applications.

Almost every tool, except for the emulator, gives you some options. For
example, there’s no “best” IDE for JavaScript and there are around a dozen
popular web servers that are good at serving static files. Once you get a basic
setup going, feel free to experiment with individual components, and fine-tune
them.

NOTE: When | write about software products, | often mention prices and versions. |
think this information is useful. It is nice to know upfront how much you are expected
to invest in a tool. This kind of information is, of course, subject to change and should
be read as the “price at the time of writing.” For the most up-to-date information,
please refer to the respective companies’ web sites.

NOTE: Everybody who writes code makes mistakes. No matter how experienced you
are, if you are human, you will eventually introduce bugs in your program. Debugging
is part of the process, just like development, and not the easiest part | must admit.
Debugging tools are also very important to set and use. But this topic is outside the
scope of this chapter. A more in-depth discussion about hunting bugs in mobile-
oriented code is found in Appendix A.
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Environment Variables
Most tools that we use in this book follow the same installation pattern:
Install the tool or extract archive

Set environment variable TOOL_HOME, for example, JAVA_HOME or
ANT_HOME

Add the folder with executables, usually TOOL HOME/bin to the
PATH so that you can call the tool straight from the console or
terminal without typing the whole path

Setting and changing environment variables depends on your OS.

Windows 7

In Windows 7, right-click My Computer and select Properties from the drop-
down menu. In the opened window, click Advanced System Settings »
Environment Variables. Under System Variables, click New. Enter a variable
name (for example, JAVA_HOME), the variable value, and then click OK. Note that
you have to reopen any opened console windows to make them “see” the
changes.

Adding certain folders to PATH works the same way. Find the variable called PATH
in the environment variable list and click Edit. Put the cursor at the end of the
line, add a semicolon (;), and type the path to the folder. Usually when you add
the new tool to the path, you refer the existing variable, as follows:

;%JAVA_HOME%\bin

To check that the variable is set correctly, open a new console window and
execute:

> echo %JAVA_HOME%

Use the name of your variable instead of JAVA_HOME, of course. You should see
the path immediately printed in the console window.

Mac OS X Lion
In Mac OS X Lion, first create the file called .bash_profile in your home folder.
Open the terminal window and execute:

$touch ~/.bash_profile
$ open -e ~/.bash_profile
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The file should now be opened in the text editor. Add the following line for every
environment variable that you want to create:

export TOOL_HOME=/path/to/tool

For example:

export NODE_PATH="/node
export ANDROID HOME=~/android

The last line of this script should be the line that updates the PATH variable:
export PATH=$PATH:$ANDROID HOME/tools:$NODE_PATH

PATH is a colon-separated list of paths where Mac OS looks for programs when
you call them from the terminal without providing the exact location of the
executable file. Save the .bash profile, go back to the terminal window, and
execute the following to reload the newly defined variables:

$ . .bash_profile

Now check that the variables are available. Type the following:
$ echo $VARIABLE_NAME

Use your own variable instead of VARIABLE NAME, of course. You should
immediately see the path defined for this variable. If you ever need to edit one of
the variables, edit the file and change the value appropriately.

Paths

When you work with tools, you are often asked to enter different kinds of paths.
In this book, | usually refer to them explicitly, like “IDE installation path” or “the
project path” (meaning the path to your project folder). It is easy to understand
what it means most of the time. There are cases, however, when | can’t use that
kind of explanation; for example, the screenshots usually show a certain state of
the program, and if | take the screenshot from my system, it shows my paths, of
course. Code listings and config files sometimes refer to paths too; in this case,
| also use the real paths that | use for development.

The paths are different for Windows users and Mac users, but since the
software that we use is mostly cross-platform, any path format can be used.
Most tools accept the forwardslash( /) in Windows paths for distinguishing
between the path separator and escape characters. If you try to use code like
var path = "c:\nginx", for example, it will not work correctly. The \n will be
treated as the escape sequence and transformed to the “new line” character.
This issue is not JavaScript specific; most programming languages use the
backslash(\ ) to denote that the character standing after it will be processed in a
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special way. You must use either "c:\\nginx" or "c:/nginx" to specify the valid
path, and both strings will work fine. | recommend using the second approach (it
is easier to read at least). The cases when you need to specify the absolute

paths in JavaScript are quite rare and usually relate to server-side development.

Personally, | like to use the c:\apps folder for the development-related tools like
IDEs, development kits, emulators, and everything else that can be executed. |
keep my projects in c:\apps\projects. You are free to use your own
conventions, of course. Just keep in mind that when you see a path like
c:\apps\projects\myproject in this book, you have to use your own value
instead.

The other good reason to use the real paths in listings is that you know the
expected format straightaway. There are many ways to specify the location of a
file or folder in a file system: absolute, relative, or in the form of URI (with
file:// protocol). The relative paths may be calculated either from the current
working folder or from the folder where the currently executing file is located,
and so forth. It is often good to see a real example rather than a placeholder like
%YOUR_PROJECT PATH.

Java Development Kit

Java Development Kit, or simply JDK, is an essential part of Android
development, even if you don’t plan to write a single line of Java code. The
Android emulator requires Java to run and some JavaScript IDEs require it too.
JDK is a set of tools used to compile and run programs written in Java. We will
not use JDK directly in this book, but several components that we will need
require it.

For windows users, JDK can be downloaded from the official site at
www.oracle.com/technetwork/java/javase/downloads/index.html (click Java on
this page), select the version according to your OS, and install it. Once this is
done, you will have to set the environment variable called JAVA_HOME to let other
programs know where they can find Java. Also, add JAVA_HOME/bin to PATH.

For Mac users, open the terminal and type:
$ java -version

If you see the version number, then JDK is already installed. Otherwise, you will
be prompted to install the best available package. Type the same command
once again after the installation to make sure that JDK is ready. The installation
path on Mac OS X 10.7.x is:

/System/Library/Java/JavaVirtualMachines/1.6.0.jdk/Contents/Home



CHAPTER 1: Getting Started

It might be slightly different, depending on the particular Java version. Create
the new variable called JAVA_HOME and point to this folder.

That’s it. You have just installed Java and you’re ready for more exciting things.

Integrated Development Environment

Sometimes JavaScript projects are as simple as a couple of scripts that can
hide fields from an HTML form or load some content with Ajax. In this case, you
can get by with a text editor—it loads faster than an IDE, has a simple interface,
and saves a lot of memory (IDEs are really memory-hungry these days). For tiny
projects all you need is a syntax highlighter to make your code look pretty and
to save you from trivial typos.

For anything bigger than that, an IDE is essential. You will need a set of
advanced features that a typical text editor doesn’t have: good code analysis,
inspections, checking for potential errors, autocompletion, refactoring tools,
integration with version control systems, bug trackers, and many others.

As | mentioned already, there’s no perfect IDE in the market. Some are good for
JavaScript while others are not. They differ in price, system requirements,
supported platforms, and featuresets. When choosing an IDE, it is most
important that you feel comfortable with it. The first steps with a new IDE might
seem hard, but if you feel like you’re struggling with each line of code even after
a couple of weeks, you should try other products. The increase in productivity
will most likely make up for the lack of a feature or two.

If you’ve worked with JavaScript before, you might have picked a favorite IDE
already. If not, then the following are a couple of options:

Intellid Idea (www.jetbrains.com/idea/) has good support for
the whole web stack: HTML, CSS, JavaScript, and server-side
languages like PHP and Java. If your project is open-sourced,
IntelliJ Idea is free—otherwise you will have to pay around
$200 for it. Intellid has several lightweight IDEs derived from
Idea. WebStorm is the one for HTML and JavaScript, and it is
only $69.

Aptana Studio (http://aptana.com) is based on the glorious
and powerful Eclipse project (www.eclipse.oxrg). It is extremely
feature-rich, and has a plug-in for virtually anything from
exploring databases and building enterprise reports to
reminding you that your tea is ready. Aptana is free and open
source.
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S

The choice between the two usually comes down to one’s own preference.
There is an army of Eclipse fans and a similar army of IntelliJ fans, which tend to
start a holy war each time one side releases a new version. If you're in doubt, try
both and choose the IDE you like best. Next, | give you a brief look at these IDEs
and demonstrate how they work by making a Hello World project in each of
them.

IntelliJ Idea

Download the installer from the official site (www. jetbrains.com/idea/download/
index.html) and launch it. Follow the regular installation process (there are no
odd questions here; IntelliJ Idea only wants to know an installation folder
location).

After the installation has completed and you launch Intellid Idea for the first time,
you will need to choose which plug-ins to enable. If you plan to use IntelliJ as
your IDE, it is better to review the lists and select only the plug-ins that you will
really use. A smaller number of enabled plug-ins improves the startup time.
Otherwise, just leave all the checkmarks with default values. Finally, you see the
Welcome screen shown in Figure 1-1; it has several rows of buttons. Click
Create New Project to see the New Project window, and choose Create Project
from Scratch.

Arwaroiaiic I = B e
PRIV ELCOME ]

Ducumentation Pluging G s s

Recent Projects i_‘l o AP S

Figure 1-1.IntelliJ Idea welcome screen
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IntelliJ Idea treats a “project” as a set of one or more modules. For example, if
you write a chat application, the “chat application” as a whole is the project. The
modules of this project could be Server, Android Client, Desktop Client, and so

forth. The idea behind the modules i

s to separate the different components of

the projects since they might have different dependencies or build steps, or they
may use different programming languages. The project doesn’t have to use

many modules, of course. For a sim

ple application, one module is enough.

Each module has a type: Java, J2ME, Android, Grails, and the most important

type of module for this book—a We

b Module. Select it from the list on the left,

as shown in Figure 1-2. If you decide to use IntelliJ Idea as your main IDE, use
these steps for every new project that you make.

I New Project

Project name: HelloWorld

Project files jocation:

Project file format: ipr {file based)

i Create module

Module name: HelloWorld

Intelli/IDEA

CapphorjecevisioWotd

23

ol |

Content oot

o i Module file location:
- ..

_‘;E; Java Module
)?ﬁ Plugin Module

ofl J2ME Module

-}_";.. ActionScript / Flash / Flex Module

€l Android Module

& Maven Module

@ Grails Application

@ Griffon Application

Figure 1-2. Creating a new project

C\apps\projects\HelloWorld
(Chappsi\projects\HelloWaorld

Description
Provides faciities for developing web applications.

| Brevious Help

[ Enish || cancet |

Enter the project name and the location you wish to use for project files, and
then click Finish. Your project is created and you are presented with a blank

workspace, as shown in Figure 1-3.
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Dl HelloWorld - [C:\apps\projects\HelloWorid] - Intelli) IDEA 11.0 = L0 -
.ille Edit View Navigate Code Analyze Refactor Build Ryn Tools VIS Wmdow Help
B2 sg i3 Ak B ~-~-rer id B
1 HelloWorld

i Praject C:\apps'projects \HeloWerkd -1 o

2

|| view 3s: 08 Project »| V= & 4

; 1

I HelloWorld.iml

I HelloWorld.ipr E

P HelloWorid.iws i"?

i External Libraries E‘

g

£

&

e

o

! ;
&

& #

fa 4
v
£
-
&

B & 1000 Event Log
§ @ [137Mof 494M

Figure 1-3. The look of the blank new project

Now you can write the Hello World page. In our simple example, we have only
one module—HelloWorld. Right-click the folder icon with this name in IDE, and
then select New File. Enter index.html in the dialog and press Enter. Idea
creates a new empty file and you can start typing right away. Enter the code
from Listing 1-1.

Listing 1-1. Basic HTML5 Page

<IDOCTYPE html>
<html lang="en">
<head>
<title>Hello World</title>
</head>
<body>
It Works!
</body>
</html>

Open the newly created file in your favorite desktop browser and make sure that
it renders the page. We still cannot open this file with a mobile device or in an
emulator since both of them need the file to be accessible via HTTP. Neither a
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device nor an emulator has direct access to the filesystem on your PC, which is
why we will need a web server. | explain how to launch the page in a mobile
device later in this chapter.

Intellid Idea is a very powerful tool, yet it takes some time to get used to it and
start utilizing its full potential. Make sure to check the default hotkeys reference:
Help » Default Keymap Reference. It is a single PDF page of the most
frequently used hotkeys grouped by category.

If you plan to work only with the standard web stack (CSS, HTML, JavaScript,
etc.) then you can use the lighter (and cheaper) version of Idea, which is
WebStorm. The steps required to create and run a new project in WebStorm are
simpler. Go to File » New Project, and enter the name and the path. When the
project is created, you work with it in exactly the same way as you would work
with ldea.

Now let’s compare |dea to Aptana Studio.

Aptana Studio

Start by downloading the latest release of Aptana from www.aptana.com. Select
the standalone version, wait until the download is complete, and install the IDE
to the folder of your choice. When the installation is completed and you launch
the IDE, you will see the Start page, which has a summary of new features and
fixed bugs, as well as links to the forums, documentation, and bugs database
(see Figure 1-4).
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Figure 1-4. The Start page in Aptana Studio

Aptana utilizes a slightly different approach to naming. The projectin Aptana is
similar to module in Intellid, and a set of projects is called a workspace. Using
the example from the previous section, if you make a chat application in Aptana,
you will have a separate workspace that contains several projects: Server,
Android Client, and Desktop Client. Aptana uses the same concept, but different
words to describe it. Like Intellid, it allows you to clearly separate the
components of the application and treat them in a different way when required.

Let’s create the same Hello World page as in the previous section. To create a
new project, select File » New » Web Project. On the first screen, enter the
name and the path to the project folder (uncheck Use Default Location if you
want to enter the custom path). The next screen presents you with several
templates (see Figure 1-5). Project templates work like prebuilt Hello World
skeletons for different cases. Uncheck the Create Project with One of the
Templates if it is checked, and then click Finish.



CHAPTER 1: Getting Started 13

\

Project Template

Create the project using one of the templates

Available Templates:

(=3)

| Finish Cancel |

Figure 1-5. The new web project wizard in Aptana Studio

The dialog is now closed and the new folder called Hello World appears in the
Project Explorer (the area in the top-left section of the screen). Right-click the
folder and select New... » File from the context menu. Enter index.html in the
opened window. Paste the code from Listing 1-1 in the file. The result should
look like Figure 1-6. Save the file and open it in the desktop browser. The page
should say It Works!
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Figure 1-6. The code is pasted into the newly created filein Aptana Studio

Choosing the IDE that fits you is the first step to writing good code. Once the
page is ready, it should be tested in an environment that is as close to
production as possible. In our case, this is either a real device or an emulator.
To do this, we will need to install a web server.

Web Server

Your device cannot access the filesystem on your PC and load the web page
directly from a folder. That’s why we will need a web server, a tool that can
serve web pages via HTTP. After you install a web server and configure it, you
access the project files the same way as you access regular web sites on the
Internet: type the address in the browser to see the rendered HTML pages.

There are at least a dozen popular commercial-grade products that can do the
job. We’'ll use the smallest one, nginx (http://nginx.com). At only 800 KB when
compressed, it proudly holds third-place on the list of the most popular web
servers in the world, ranking after Apache (http://httpd.apache.org) and IIS
(www.iis.net). 12 percent of the world’s top-million web sites use nginx, and this
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number is increasing according to W3Techs
(http://w3techs.com/technologies/cross/web_server/ranking).

Why don’t we use Apache, “the world’s most popular web server”? You can if
you want, but it is a little too complex for the simple task of serving static pages.

NOTE: Web servers usually work on port 80. Sometimes programs like Skype may
use the same port for its own needs. If you're having problems starting nginx while
Skype is in operation, open Skype, go to Tools » Options » Advanced » Connection
and remove the checkmark from Use Ports 80 and 443 as Alternatives for Incoming
Connections.

Alternatively, you can configure nginx to use a different port, for example port 8080.
If you choose to do so, you should remember to add the port number to the address
to view your pages. If nginx is configured to use port 80, for example, you can type
http://localhost in the browser to load the page; otherwise, you should set the
port correctly in the address bar as http://localhost:8080.

Setting Up nginx

Download the latest version of nginx from http://nginx.org/en/download.html.
The installation process of nginx is very easy—you just unzip it. This is enough
to get it up and running, but it will only serve files from a predefined internal
folder, and you will have to copy all of the project’s contents over and over
again to test even the smallest edit. We will reconfigure nginx to point web root
as the project directory instead.

Go to the conf folder inside the nginx installation and open nginx.conf in a text
editor. Find the following lines:

location / {

root  html;
index index.html index.htm;
}

and change the html to the path to your project as follows (I used
c:\apps\projects\myproject):
location / {

root  c:/apps/projects/myproject;
index index.html index.htm;

}
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NOTE: nginx uses the hash symbol (#) for commenting-out lines in config files. If you
see a line starting with #, you can safely ignore it or even delete it to keep the config
clean. The original purpose of the commented blocks is to show how to work with a
certain aspect of configuration—a kind of inline help.

The bolded code is the path to your project folder. If you decide to change the
default port, find the following lines:

server {
listen 80;
server name localhost;

and change 80 (bolded in the code) to whatever port you like.

Save the changes and launch nginx. You will not see any Ul or window with
settings; this is OK. nginx is working in the background and doesn’t have a Ul;
you control it via commands, not buttons and menus.

Open your favorite desktop browser once more and type http://localhost. You
should see your Hello World web page up and running. If you see something like
“Welcome to nginx!” it means that the web server is using the wrong folder to
read the HTML files. Make sure that you completed the instructions and set the
root parameter in the nginx.conf appropriately.

Opening the Page on a Mobile Device

Now, if you have a mobile device handy, you can open the same web page and
see how it looks on your Android!

The easiest way to do this is to connect your Android and PC to the same
network via Wi-Fi. You'll need to find the IP address of your computer and point
the mobile browser to it. For example, if the IP address of your PC on the local
network is 192.168.0.15, you should open the browser and enter
http://192.168.0.15 in the address bar. You will see the page that you have
just created.

What if you don’t have a mobile device or you don’t have a Wi-Fi access point
and you can’t connect your PC and Android to the same network? Well, the best
choice is to buy the missing hardware. What can be easier? But seriously, you
can install the Android emulator and test your web applications with it.
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The Android SDK and Emulator

The good news is that you don’t have to choose between a dozen products or
download a separate tool for every device on the market. You download and
install the Android SDK, configure the profile of the device, and run the emulator
with the given profile. Then you work with the emulator the same way that you
would with a mobile device: open browser, enter address, load page, and so on.

Even though Android emulators are really good, you should perform testing on
real devices as soon as possible. A real device might have its own vendor-
specific and hardware-specific peculiarities that will affect the way the
application behaves. You also can’t evaluate the usability of your product on the
emulator since the real device feels different. Clicking inside the virtual copy of a
smartphone is not the same as holding the real phone or tablet in your hands.

Emulators are useful when it comes to checking if an application runs fine on all
supported Android versions and screen resolutions. Usually, you don’t have a
few dozen spare Android devices for testing—emulators are way cheaper
(actually, they are free).

TIP: Even if everything is working as expected on the emulator, the real device might
still behave oddly. In the later phases of testing, it is useful to actually test your
product on lots of devices. A service like Perfecto Mobile

(www. perfectomobile.com) helps you to do that without having to buy or borrow
every device that you want to try. It allows you to remotely control almost any model
of mobile device; you pay for the time that you've spent testing on them.

Installing the SDK

The Android emulator is a part of the Android SDK—a set of tools for Android
development, just as the Java SDK is a set of tools for Java.

Download the Android SDK from http://developer.android.com/sdk/index
.html and install it. On the last step of the install wizard, leave the checkmark
checked to launch the SDK Manager.

The SDK itself comes with a couple of essential tools (hence, the size of the
installer is only 40 MB). The rest of the components are to be downloaded
separately. The SDK Manager checks the list of available components and
allows you to choose what to download (see Figure 1-7).
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Figure 1-7. Installing optional packageson the SDK Manager

Choose the components that you are planning to work with and then click
Install. If you use emulators for testing, you should put checkmarks against all
platforms that you are going to support. Also, mark the Tools » Android SDK
Platform-Tools and Extras. Take a look at Figure 1-7 for reference. Now is a
good time to brew some coffee since the process is not that fast and the files
are not that small.

Setting Up AVDs

Once the download is finished, you are ready to configure and launch the
emulator. Launch AVD Manager; it is located in the folder where you installed
the SDK. AVD stands for Android Virtual Device; it is the profile of the platform
that will be emulated. When you first open the application, it doesn’t have any
preconfigured AVDs. The list of devices will be empty and the window will look
like that shown in Figure 1-8.
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Tools

List of existing Android Virtual Devices located at C\apps\android-sdk\.android\avd
AVD Name Target Name Platform APl Level CPU/ABI | New.

Refresh

~ A valid Android Virtual Device. ! A repairable Android Virtual Device.
X An Android Virtual Device that failed to load. Click ‘Details’ to see the error.

Figure 1-8. The Android Virtual Device Manager window, which has no configured AVDs yet

Click the New button to create the first AVD. In the dialog box, set the emulator
parameters (see Figure 1-9). Device Name is a label that identifies this
configuration; enter whatever sounds good to you. Target is the version of the
Android API that the emulator will use. In this book, we will work with Android
2.2 and above, so select Android 2.2—API Level 8 for the first device. You may
leave the size of the SD card blank or set it to some value. The last option allows
you to set the skin. The skin determines the resolution of the emulator; pick any,
but make sure that the skin fits your PC screen size, otherwise it will be hard to
use. When you press the Create AVD button, the device profile appears in the
list. Repeat the process for every configuration that you plan to work with.

19
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Figure 1-9. Creating a new AVD

To launch the emulator, select the AVD from the list and click Start.... You will
be presented with several startup options, and you can safely leave the default
values. The emulator takes a pretty long time to load so be patient; give it at
least a couple of minutes. Once you see the Android home screen, you can
navigate to the HTML page, shown in Figure 1-10, that we created earlier in this
chapter.

NOTE: Emulator takes a significant amount of time to start, so it makes sense to
leave it open during the whole development session and simply update the page in
the browser once you need to check the changes.
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Figure 1-10. Creating a new device profile for the Android emulator

NOTE: Usually when you want to refer your own machine, you type
http://127.0.0.1 0or http://localhost. But when you are in the emulator’s
browser, these addresses access the emulator itself, not the host machine. The
address that you should use is http://10.0.2.2. Type this address in the
emulator; you should see the test page. Don't forget to add the port number if you're
using a port other than 80.

Create the environment variable called ANDROID_HOME and point it to the SDK
installation path. Then update the PATH variable with ANDROID HOME/tools and
ANDROID_HOME/platform-tools. Android SDK has two folders with executable
scripts. Make sure to add both of them to PATH.

At this point, we have all the basic tools required to start writing code and
testing the results. However, there is one other aspect of development:
debugging. When you write the code, bugs are unavoidable, and finding them is
often harder than writing the code itself. Debugging is a broad topic that is
covered in Appendix A of this book. It is best to read the techniques described
there as soon as possible.
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Techniques

This section is devoted to the next very important aspect of creating an
application: techniques of development—from code conventions to good
practices and important architectural approaches. Before diving into the details
of this section, | want to give a simple, yet very important tip: write code that
you can be proud of. This is the best metric of code quality.

You must have heard a lot of “good coding” advice: use meaningful names for
variables, write comments, format your code nicely, and avoid huge,
unmanageable functions. Let me add some JavaScript-specific tips in this
section.

We will look into the two aspects of development: the code and OOP. The first
subsection is devoted to writing clean JavaScript code; the second is working
with OOP. JavaScript has the somewhat unusual “prototype-based” model of
inheritance that causes a lot of misunderstanding and confusion, so it is worth
devoting a separate section to clarifying it.

The Code

How do you write good JavaScript code? Let’s forget about the program
structure for a moment—classes, inheritance, coupling, and cohesion—and
instead look at the plain JavaScript code. How do you make it look good? How
do you make it predictable and maintainable? This section is devoted to some
basic advice on the subject.

Style

Style is the way your code looks. There is plenty of generic advice on how to
write beautiful code. Let's look at those specific to JavaScript.

Naming “Private” Parameters and Functions

JavaScript doesn’t have a private keyword to restrict the access to certain
variables. So a good way to secure the access to the private state of the object
is the use of the underscore symbol and a little discipline. Put the underscore
before the name of the method that should not be accessed outside of the
object, and never call these “private” methods from an external API. The
following is a simple example:
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function Person() {
this. age = 20;

this.setAge = function(age) {
if (age < 0)
throw "Age can not be negative";

// Ok, since the private member is accessed from within the object
this._age = age;

};

this.getAge = function() {
return this. age;
}

}

var person = new Person();

// Illegal, you're accessing the private property from outside of the object
person._age = 25;

// The right way to do it.
person.setAge(25);

NOTE: There is another way to hide the variable from the outer world using scopes.
The JavaScript-specific pattern, called module, describes this idea. The main
purpose of this technique is different—we look into the details of modules in the
Chapter 11, where we share components between client- and server-side JavaScript.

Avoid the “Cool but Scary” Look

When you get the black belt in JavaScript and understand some advanced
features, you might be tempted to write pieces of code that look extremely
“hardcore” and “advanced.” For instance, the function that writes the
arguments of the method into the console can be written with a line like the
following:

console.log([tag, "
")"1.30in(""));

If I were you, | wouldn’t do that. You’re better off spending another line or two,
breaking the code into smaller pieces, and making it readable and obvious even

for a js-novice. Writing code that is easy to read and understand is harder than
writing messy, unreadable code.

, Array.prototype.join.call(arguments, "|"),
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The Structure

The code might look clean, but it’s still far from perfect. JavaScript is a single-
threaded, dynamic, and weakly-typed language. These three features are very
powerful when they are used in the right way, but they can cause all kinds of
problems when misused.

Avoid Setting “Magic” Parameters to Objects

JavaScript allows you to add any property to any object at runtime—it is a
dynamic language. When you create simple data structures like point
coordinates on the fly or use an object as a hash map, this feature is very nice.
The following code shows how it can be used correctly.

function getCurrentCoordinates() {

{
x: getCurrentX(),

y: getCurrentY();

}

var userStatus = {}
userStatus["John"] = IDLE;
userStatus["Mary"] = ONLINE;

userStatus["Peter"] = AWAY;

There are cases, however, when you should avoid such structural changes. If
there is a predefined data structure, for example, you should not extend it in that
way.

Why is it a bad habit? Imagine that you’re on a team working on the same code.
You start adding the custom fields to the objects since you need them in your
functions. The other developers see that there are new useful properties, so they
start to rely on them in their own code.

Here is a simple example: a programmer is making a function that should print
the date in a certain format. He can write the following kind of code:

function printNiceDate(date) {
date.niceFormat = "";
date.niceFormat += date.getFullYear() + " ";
date.niceFormat += date.getMonth() + " “;

date.niceFormat += date.getDate() + ;
console.log(date.niceFormat);

}

Even though this code is 100 percent correct, it creates an unexpected field on
the object. The same “enriched” Date object can then be passed to the different
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layers of the application and another programmer might think that the extra field
is the standard functionality that he can rely on. He will write code that uses the
new field, as follows:

// Cool, I love this extra field, probably it is a new standard
console.log ("Date is " + date.niceFormat.substr(4))

At some point, the author decides to change the format of the custom field:
remove it or rename it. He thinks that the new field is his property—it is not
standard, probably not even mentioned in the documentation, and it was
introduced by him: that means that he can do whatever he likes with his custom
field.

If he decides to delete the field, the project breaks. The code that utilized the
niceFormat will not work anymore. Both programmers will waste their time on
debugging and restoring the original flow. Summary: if you really, really need

custom fields, make sure they don’t leak.

Even if you're a “lone wolf” working in your garage, you still have other team
members: yourself in a month or two. Trust me, you’ll forget most of your
undocumented conventions after a while, even if they look perfectly logical right
now.

NOTE: Recent versions of JavaScript introduce the way to formally protect the state
of the object with Object.freeze, Object.seal, and
Object.preventExtensions. If you need stronger guarantees of object
immutability, you can use one of these methods.

The opposite case is also important. You should not delete any properties from the
object unless you know what you are doing. The structure of the object must remain
predictable at all times.

There is an exception to this rule. If the dynamically added methods and
properties are part of the framework design, it is perfectly fine to use them. For
example, the Crafty.js framework that we will try in Chapter 14 implements the
Entity Component System, an approach that works best by customizing
particular objects at runtime.

Use It As If It Is (Almost) Static-Typed

No need to explain this rule. It is always good to know that if the variable is
boolean at the start of the script, it will stay boolean until the end.
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Whenever Possible, Use Asynchronous Calls

JavaScript is single-threaded, meaning the application is “frozen” when it
executes the code. Avoid using blocking long-running operations inside this
single thread because they can grind your application to a halt. The Ul becomes
unresponsive, which leads to a terrible user experience.

This is especially important for the XHR requests; synchronous calls might look
really fast when you work with a local server, but almost certainly become a
problem in the wild. You should never use the synchronous XHR.

Using an asynchronous API is even more important on the server. Writing a
dozen bytes to a file on the hard drive might sound like an operation that can’t
slow anything down; it’s just too fast. It might be true if you’re testing the server
alone. When you have 30,000 visitors, each requiring your server to write a
dozen bytes, this code fragment will become a bottleneck if not written properly.

The Environment

Development and production environments differ in many ways. When you have
everything on your local PC, your project lives in a small and unrealistic
paradise. In the real world, network packets take much more time to deliver:
sometimes they are lost, connections are broken, and resources are not
available all the time.

Notify the User About Long Operations

So you do everything right: your code is asynchronous and the Ul is never
unresponsive. But let’s say you need to load a large set of sprites for the next
level, load level data, generate random terrain, or calculate the optimal strategy
for artificial intelligence.Or maybe you have to do it all together. In such cases,
users sometimes have to wait a considerable amount of time before something
interesting happens.

Don’t leave your user sitting in front of an empty screen and wondering, “How
long will it actually take—a minute, five minutes, more?!”

Use some sort of progress bar or “liveness” indicator whenever you suspect
that an operation will take more than a second.
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NOTE: The following is a very good metric of a long operation described by Jakob
Nielsen, an expert in web usability, at
www.useit.com/papers/responsetime.html:

0.1 second is about the limit for having the user feel that the system is reacting
instantaneously, meaning that no special feedback is necessary except to display the
result.

1.0 second is about the limit for the user’s flow of thought to stay uninterrupted,
even though the user will notice the delay. Normally, no special feedback is
necessary during delays of more than 0.1 but less than 1.0 second, yet the user loses
the feeling of operating directly on the data.

10 seconds is about the limit for keeping the user’s attention focused on the dialog.
For longer delays, users will want to perform other tasks while waiting for the
computer to finish, so they should be given feedback indicating when the computer
expects to be done. Feedback during the delay is especially important if the response
time is likely to be highly variable and users won’t know what to expect.

Don’t Think That Resources Are Always There

Resources—such as images for textures, sounds, or XMLs—are essential parts
of the application. Usually, you defer the loading of these types of
dependencies. The usual mistake is to assume that the resource will always be
where you expected it to be—in your favorite res folder, for example. Yet there
are at least two reasons why a resource may become unavailable:

1. Connectivity. You can simply lose the connection to the server.
This’ll give you an ugly error instead of a nice picture.

2. Simple coding errors like typos or different conventions. You
can type casle.png instead of castle, while the real file is called
castle big.png.

Usually, losing the resource in that way means that the user will not see or hear
something, or a 3D model will appear solid black. A good solution is to log those
kinds of errors and to use the “no-image” images to make it obvious that
something is wrong. Sometimes the missing image is not a good reason to
show the critical error dialog, since the game might still be playable.
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Quick Summary: Writing Good Code

Writing good code in JavaScript is not that hard if you follow simple rules. Good
code must be

Clear. The person who reads it should quickly understand
what it does.

Predictable. Variables should not change their type and
structure when they are not expected to.

Freeze-tolerant and fault-tolerant. Real-world mobile data
connections are far from perfect, so make sure that the user
knows how long he has to wait to download. Expect that data
might not be available all the time and use asynchronous calls
whenever possible.

TIP: If you want to learn more about testing connection problems in the real world,
read on to Chapter 11, which explains how to simulate the packet loss and network
delays in the local environment.

Object-Oriented Programming

Object-oriented programming (OOP) is the most widely-used programming
paradigm. It has helped build complex programs for more than half a century.
The most popular languages, like Java and C#, work with the concept of
classes—the blueprints that define the common structure of the object.
JavaScript doesn’t have classes; instead, it has functions and prototypes that
give similar functionality. This section of the chapter is devoted to implementing
the OOP approach in JavaScript.

NOTE: The description of best O0P practices is beyond the scope of this book. This
section only shows how to implement a basic 00P system, not how to build the
effective architectures based on objects. We will have a lot of practice with objects
throughout the remaining chapters, however, and we will try to utilize the best 00P
approaches.
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Constructing Objects

There are several ways to define the object in JavaScript. The simplest way is to
declare it as the usual hash, as shown in Listing 1-2.

Listing 1-2. Simplest Way to Define the Object

var car = {
color: "red",
drive: function() {
console.log(this.color + " car moved");
}
};

car.drive();

This method is not very useful since you create one individual object that does
not relate in any way to any common data structure. To create a second
instance of the car, you’ll have to describe its structure once again.

In object-oriented languages like Java, we got used to the idea of classes that
describe the common structure of the objects and that can be used to construct
any number of them.

In JavaScript, there are no classes. But there’s a similar mechanism to describe
the common blueprint: functions and objects. In fact, any function or object can
be used to create a new object. Listing 1-3 shows an example that creates the
object with the same structure as before.

Listing 1-3. Creating a New Object with the Constructor Function

function Car() {
this.color = "red";
this.drive = function() {
console.log(this.color + " car moved");
¥

}

var car = new Car();
car.drive();

With this approach, we can create a second instance of the Car without
describing the structure again. Obviously, this approach is better, since the
object description is now stored in one place. If you ever need to change it, you
will not have to search through the whole code base, but instead fix only the
Car() function; objects that are created via new Car() will be changed too. The
functions like Car that are primarily used to create new objects are commonly
called constructors. Properties defined with this keyword will be available to
every object created with the same constructor.
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Prototypes

Prototypes work similar to classes in other languages: they define the common
structure for the objects created with the same constructor.Prototypes are a
source of constant confusion among JavaScript developers. | will try to describe
this topic without making it even more confusing than it already is.

Every object in JavaScript has a prototype, and the prototype itself is an object.
It works like a parent: it shares all its properties with the child object, allowing
the child to use them as if they were its own. Take a look at Figure 1-11. The car
object (the bottom box in the figure) has only one own property, color, but the
car’s prototype has the drive function. Since all properties of the prototype are
available to the object, you can call car.drive() as if it is a regular function of
car.

Car's PROTOTYPE

* drive
* turn
* stop

Car

* color

Figure 1-11. The properties defined on the prototype are available to the object

NOTE: In JavaScript there’s a term, own property, which refers to the property that is
defined directly on the object. In the following code, the colox property is the own
property of the car object since it is defined directly by car and not in the cax’s
prototype.

var car = new Car();
car.color = "red";

Since the prototype is a regular object, it can have its own prototype too. The
methods of that “super” prototype are available to the object as well. Figure
1-12 illustrates this idea. When JavaScript needs to find a variable or call a
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method, it first looks through the object’s properties. If the property is not found,
it then looks at the prototype, then the prototype of the prototype, and so on
until it reaches the top level. This idea is known as the profotype chain.

Null

Object

* 1o String
* has Own Property

A

Vehicle

» get Model
» get Weight

Car

* drive
* stop
* turn

Car

* color

Figure 1-12. The prototype chain

At the top of the prototype chain stands the prototype of the Object. It defines
the methods and functions common to every created object, like toString,
hasOwnProperty, and others.
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NOTE: There are two ways to access the prototype of an object. The standard way is
by using the Object.getPrototypeOf function. The other is by using the call to
__proto__ property. car.__proto__is the prototype of the car object. The
second way is not standard, but it is implemented in most browsers. Even though the
__proto__ property is deprecated, it is still convenient for debugging.

Every function in JavaScript has a property called prototype. If the function is
used as the constructor, this property is automatically assigned as the prototype
of the objects created via the new call. Let’s look at another example in

Listing 1-4.

Listing 1-4. Simple Use-Case of the Prototype Property

function Car() {
this. color = "red";
}

Car.prototype.drive = function () {
console.log(this. color + " car is driving");
};

var car = new Car();
car.drive();

All changes that you make to the prototype property are instantly available to
every object constructed with new Car(), no matter if they were created before
or after the change. Take a look at Listing 1-5. The first object, cari, is created
as usual. Its prototype is Car.prototype, as described. Next, we add the new
function to Car.prototype. This function is instantly available to every object that
shares the same prototype, no matter if the object was constructed before or
after the change.

Listing 1-5. Updating the Prototype

function Car(color) {
this. color = color;
}

Car.prototype.drive = function () {
console.log(this. color + " car is driving");
};

var carl = new Car("red");
console.log(Object.getPrototypeOf(carl) === Car.prototype); // true
carl.drive();
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// Adding the new function to the prototype
Car.prototype.stop = function () {

console.log(this._color + " car has stopped");
};

var car2 = new Car("blue");

// Objects share the same object for prototype
console.log(Object.getPrototypeOf(carl) === Object.getPrototypeOf(car2));
// true

// Both objects can now access the new method
car2.stop();
cari.stop();

When you execute this script, you’ll see that the new methods are available to
both cari and car2. Figure 1-13 illustrates this idea. Each object that is created
with the new Car()call shares the same object as its prototype. Obviously, by
sharing the prototype, they share the whole prototype chain.

m

-

Car constructor Prototype
* Prototype object

A

car1 [E;;EW carn

Figure 1-13. All objects created with new Car() share the same prototype defined in Car.prototype

Inheritance

Inheritance is one of the core concepts of OOP. It allows reusing the common
functionality defined in a “parent” object and extends it with the specifics of
“child” objects. Let’s look at an example of an application that operates several
different types of cars: fire trucks, racing cars, and ice cream vans. All of these
cars have common features. They can all move, turn, and stop. But each car has
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special features that are only available to it: fire trucks can rotate a water
cannon, a racing car can drift, and an ice cream van can play melodies. Figure
1-14 illustrates this architecture.

Car

* move
e turn
* stop

r s

Fire Truck Racing Car Ice Cream Van
= rotate Cannon e drift * play Melody

Figure 1-14. The idea of inheritance. The “parent” (Car) defines the common methods, while
“children” (FireTruck, RacingCar, and IceCreamVan) define only the specific extensions.

As you can see, the prototype chain does exactly the same thing: it allows you
to reuse the methods and variables from the prototypes on the upper levels.
Let’s start with the code for two constructors that define the required methods
(see Listing 1-6).

Listing 1-6. The Basic Setup for Inheritance

function Car(color) {
this. color = color;
}

Car.prototype.move = function() {
console.log(this. color + " car moves");
};

Car.prototype.turn = function(direction) {
console.log(this. color + "car turns " + direction);
};

Car.prototype.stop = function() {
console.log(this. color + " car stops");

};

function FireTruck() {}

FireTruck.prototype.turnCannon = function(direction) {
console.log("Cannon moves to the " + direction);
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};

// Link prototypes of FireTruck and Car into the chain somehouw

var truck = new FireTruck();

// Will not work, because the Car.prototype is not in the prototype chain
// of the truck object yet, so method move() is not available
truck.move();

truck.turnCannon("right");

NOTE: As you see, the code uses console. log to trace the execution. To learn how
to capture the console output in both mobile and desktop browsers, refer to
Appendix A.

The code will not work. The truck.move() call results in an error since the move
method is not available to FireTruck. Fixing this code and adding the Car into
the chain is surprisingly easy. There is a special method in JavaScript called
Object.create(proto, properties). It creates a new blank object and sets its
prototype to proto—the first argument of the function. Listing 1-7 shows how to
fix the code.

Listing 1-7. Corrected Inheritance
function FireTruck() {}

FireTruck.prototype = Object.create(Car.prototype);

// Check just in case
console.log(Object.getPrototypeOf(FireTruck.prototype) === Car.prototype);
// true

// Now the Car.prototype is added to the chain

FireTruck.prototype.turnCannon = function(direction) {
console.log("Cannon moves to the " + direction);
};

var truck = new FireTruck();

// Will now work, because the Car.prototype is in the prototype chain
// of the truck object

truck.move();

truck.turnCannon("right");

The example now runs, but the output is still somewhat wrong.

true
undefined car moves
Cannon moves to the right
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The color of the car is set in the Car constructor. The constructor itself was not
executed, and the color left undefined. This issue is easy to fix too. Alter the
FireTruck constructor and add the call to the Car constructor in it. This way we
allow the Car to initialize its own variables of the object.

function FireTruck() {
Car.call(this, "red");
}

Run the code again and enjoy the correct output.

Even though the code works, it has a tiny issue that needs solving. When you
create the new function, its prototype property is not empty. It has one property
called constructor that refers back to the function itself. When we call

FireTruck.prototype = Object.create(Car.prototype);

this property is lost since the newly created object doesn’t have its own
properties. We can pass the missing property as the second argument to
create.

FireTruck.prototype = Object.create(Car.prototype, {
constructor: {
value: FireTruck, // the same as FireTruck.prototype.constructor
enumerable: false,
writable: true,
configurable: true

}
};

The constructor is not the usual property. It doesn’t appear when you loop
through the keys of the object, but it is available if you access it directly by
name. We can achieve the same result by passing the property “descriptor” to
the second argument of create(). Descriptor has several fields, as follows:

value: The initial value

enumerable: If property should appear in the list of object
properties; in loops like for.. in or Object.keys

writable: If property can be assigned a different value

configurable: True if the rules described with the descriptor
can be changed or the property can be deleted

This way we mimic the behavior of the real constructor, preserving the structure
of the prototype that ECMA (European Computer Manufacturers Association, an
organization responsible for the standards behind JavaScript) specification
defines. This is the practical implementation of the coding principle described
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earlier: preserve the structure of the object. Even if you don’t know why this
property might ever be required, you must keep it.

Let’s look at Listing 1-8, the final version of the example. It shows how to
implement inheritance and build custom prototype chains. The code for
inheritance is moved into the separate function. Doing so has several benefits:
at the very least, we eliminate code duplication (in case we have a dozen
objects in the application). Besides, if you back-port your game to an older
browser, you might need to implement a different strategy of inheritance since
older browsers might not support the described features.

Listing 1-8. The Final Version of the Inheritance Example

function extend(subConstructor, superConstructor) {
subConstructor.prototype = Object.create(superConstructor.prototype, {
constructor: {
value: subConstructor,
enumerable: false,
writable: true,
configurable: true

}
R

function Car(color) {
this._color = color;
}

Car.prototype.move = function() {
console.log(this. color + " car moves");
};

Car.prototype.turn = function(direction) {
console.log(this. color + "car turns " + direction);
};

Car.prototype.stop = function() {
console.log(this. color + " car stops");
};

function FireTruck() {
Car.call(this, "red");

}

extend(FireTruck, Car);

FireTruck.prototype.turnCannon = function(direction) {
console.log("Cannon moves to the " + direction);
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};

var truck = new FireTruck();
truck.move();
truck.turnCannon("right");

The extend function is used in each and every script throughout this book.
Create a new file called utils. js and put the code for the function there. In
upcoming chapters, we will add other useful functions to this file.

NOTE: The implementation of OOP in JavaScript has evolved several times during the
last few years. There are multiple approaches to solving the same task: some are
better, while others are a little worse or outdated. The described approach is the
cleanest one so far. Also, Node.js (the server-side JavaScript engine that we learn in
Chapter 10) uses the same method of extending objects. Using it makes porting
objects from client to server a much easier task. In fact, | cheated a little and used
the function from the Node core module to keep this sort of consistency.

A final note on naming. In this chapter, | did my best to avoid using the word
“class”. It turns out, however, that class is a great word to describe the concept
of the blueprint that you can use to construct new objects. Using words like
“constructor” and the “prototype chain” is very inconvenient. In upcoming
chapters, | use the word “class” to refer any constructor function together with
the prototype. In other words, the whole set of properties that define the object.
Since now we have clarified the mechanics behind JavaScript OOP, it will not
cause any misunderstanding.

OOP presents great possibilities for structuring your code. Even though
JavaScript doesn’t have classes, it is still an object-oriented language. For a
long time, JavaScript was used for simple scripts, and OOP approaches
seemed like an unnecessary level of complexity. When the code base grew,
however, OOP showed its full potential.

A Word About Mobile Browsers

Android is an open and relatively new platform—a sweet target for every
company that makes browsers. Major browser-market players are competing to
make “the ultimate mobile Android browser.” At the time of writing, there are a
lot of alternatives available for the user: Firefox, Dolphin HD, Dolphin Mini, Opera
Mini, and several other products. It seems that we’ll have another browser war
really soon.
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This enthusiasm is really great since the competition is the force that improves
the quality of the product, especially when browsers are free and quality is the
only distinction. On the other hand, it makes your life a little harder. As a web
application developer, you are responsible to write the code that runs fine on all
the chosen platforms. More supported browsers means more happy users, but
it also means more sleepless nights, ugly hacks, and longer development time.

Whatever strategy you or your boss picks, the rule about browser families stays
the same: if you are optimizing the code for a stock browser, make sure it looks
good on Chrome. With mobile Firefox, make sure that the application works fine
on the desktop version.

Summary

In this chapter, we reviewed the set of tools needed to start the development of
Android web applications. We installed JDK (Java Development Kit) and tried
out two IDEs to write the simplest possible Hello World application. We installed
the nginx web server to make the page available to the emulator and/or device,
and we configured nginx to use the folder of our Hello World application as the
root for static files. Now when we change the file in the IDE, we can instantly see
the changes in the browser by simply reloading the page.

We installed Android SDK and configured the emulator to test our page with it.
We learned how to create new emulators and how to set various options like API
version and screen resolution.

In the second part of the chapter, we reviewed the best practices for coding. We
learned how to use the strengths of JavaScript while avoiding pitfalls. We
determined several development principles that are especially important for
JavaScript.

We learned how OOP works in JavaScript. This topic causes a lot of confusion
and it was important to understand the basic principles that we will use later.
We learned what a prototype is and where it comes from. We also learned what
a prototype chain is and how the JavaScript engine resolves the property of the
object when it needs to access it.

We built a simple example to test the advantages of OOP and created a simple
function to “chain” the prototypes of the constructor functions.

The environment is now prepared and you are ready to start the development of
real applications. Read on to the next chapter to make your first game.
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Chapter

Graphics in the
Browser: The Canvas
Element

In this chapter, we will learn how to “draw” on a web page—or specifically,
display arbitrary shapes using the canvas element. We will experiment with the
drawing API, trying the most common things, such as drawing a line and filling a
rectangle with the gradient fill. The code from this chapter serves as the basis
for the complete game that we create in Chapter 3: Four Balls, a web version of
a popular logical game where players try to arrange a line of four, same-colored
tokens to win. (If you're eager to take a peek at the final result, look at the first
page of the next chapter.) We learn how to create the game’s visuals—the
board and the tokens—in this chapter.

We'll cover the following topics:
A bird’s-eye view of the typical video game structure
Different approaches to rendering graphics on the web page
The canvas element and its contexts
Context2D API

Coordinate system, fractional coordinates, and anti-
aliasing

Drawing basic shapes
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Rendering paths

Curves

Fills, types of gradients, and gradient-based effects
Canvas transformations and states

These topics act like small building blocks that allow you to make a broad range
of applications: from simple 2D games (Chapter 3) to the complex isometric
engines (Chapters 6 and 7), or even 3D engines (Chapter 8).

The Anatomy of the Game

Have you ever played games? I'm sure you have. Let’s start with a simple
question: what are video games all about? Mostly about having fun, right? Each
game presents the player with a virtual world ruled by its own laws and
mechanics. The world may be as simple as 7efris—a screen with bricks falling
from above—or as sophisticated as modern online games with knights and
wizards, clans and politics.

The player is trying to accomplish a goal: score points, connect dots in a line, or
conquer a galaxy or two. The game itself is the interaction between the gamer
and the game world. The player perceives the state of the game in some way:
by reading text, looking at a 3D landscape, or examining a web page. The player
takes all of this in and takes action. The world is then updated, and it is the
player’s turn again. He takes another action, and so on, until the end of the
game.

So what are the essential components of a game that make it all happen?

Nowadays, games are strongly focused on graphical content. Actually, game
graphics might be the only chance to attract the player and make him try your
product. Players want the game to be beautiful, and web application games are
no exception. Most games have a graphical engine that draws the world on the
screen. Some are complex, others are simple, but there are almost no games
that have no graphics at all.

Graphics aren’t the whole game; they are just the visuals. Games are all about
interaction. Players want to move those starships on a screen and send them
into a battle. The second essential part of every game development project is
user input processing.

We got used to controllers, mice, and keyboards, but mobile platforms offer
completely different ways of interaction: touchscreens, accelerometers,
gyroscopes, and other sensors. Users can’t perform a “right mouse-click” but
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they can tap, slide, shake, or rotate their devices. Intuitive controls might sound
like an easy task to implement, at least before you start to write the real code.

A gamer can excuse flaws in graphics, but he will never tolerate poorly designed
controls. Imagine how unhappy the user who accidentally tapped All In instead
of Fold in the middle of a poker round would be.

The last component, but certainly not the least, is the game logic: the rules and
laws of the game world. It is responsible for a wide range of tasks: artificial
intelligence, physics engines, generation of random game content, and many,
many others. The code that handles logic may be distributed between the client
and the server, or completely client-side. For simple games, like the one that we
are going to make in the next chapter, there will be no server at all; everything
that the game needs will be on a web page. We will add some server-side logic
to the game in Chapter 12 when we create the multiplayer version of Four Balls.

You might have noticed that | didn’t mention networking. Even though network
communication plays an extremely important role in game development, |
believe that it is not a part of the game itself. It is the function, the tool that helps
to bring bytes of data from your shiny Android device to the gray box, far away
in the datacenter, and back. The magic is happening elsewhere. Nevertheless, it
is an extremely important and typically complex component that we learn in-
depth in Chapters 10 through 12.

We start our exploration of web game development with the most basic and
essential feature of the games, the graphics. The following sections cover the
simple, yet very powerful canvas API: the HTML5 DOM (Document Object
Model) element that introduced the biggest change in web gaming since Ajax.

Drawing Inside the Browser

The task of drawing inside the browser is not entirely new or unique to game
development. Once browsers started to show their full power, the capability of
displaying arbitrary dynamic graphics became essential for a broad range of rich
web applications. There are three ways to display graphics in the browser:

arrange divs with CSS image backgrounds
use Scalable Vector Graphics (SVG)
use the canvas element

The first approach, sometimes referred to as “floating divs,” is considered
outdated. It was used to make games in the browsers that did not support
canvas. The idea behind it is to create a div element for every object on the
scene. The div is then styled with the background-image CSS property; that’s
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how it renders the image. This approach has an obvious drawback: it doesn’t
allow you to draw arbitrary graphics; only static images. If a developer wants to
draw a line between two points, it is not possible unless there is an image with
that line somewhere on the server. This method is just a workaround that web
game developers had to use before canvas appeared.

The second approach is to use SVG, an XML-based vector graphics standard.
SVG has somewhat limited use for Android game development; this standard is
not supported by stock Android 2.x browsers. Even if a browser did support it,
SVG is somewhat hard to use due to its XML nature. Any action, even drawing a
simple line or filling a rectangle, involves the manipulation of XML nodes, which
is not as intuitive as using the canvas API.

The best option for game development is to use the canvas element, which is
well-supported by modern devices and also has an intuitive drawing API. The
rest of this chapter focuses on it.

The Basic HTML Setup

Before turning to canvas, we first need an HTML page. For this book, we will use
the simple setup shown in Listing 2-1.

Listing 2-1. The HTML Skeleton

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<style>
</style>
<script>
function init() {

}

</script>
</head>
<body onload="init()">

</body>
</html>

As you see, this is a standard HTML5 boilerplate. Android perfectly understands
this style. There’s no need to follow outdated HTML4 guidelines—Ilong
doctypes, explicit declarations of language in script blocks, and so forth—since
all modern browsers already support HTMLS5, at least at its basic level. This
HTML page is empty, yet it has the entry point for JavaScript code: the init()
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method. This method is executed once the HTML file is loaded, parsed, and the
document is fully available to JavaScript. This is the perfect place to put your
initialization logic: show the “loading” screen, initialize and assign event
listeners, or start loading the external resources. For now, the method is empty,
but we will soon add drawing code to it. The code for the basic HTML skeleton
is available in the 1.skeleton.html file for this chapter.

Now we are ready to start the exploration of canvas.

What Is Canvas?

Canvas is a relatively new HTML element. The concept of such an element was
introduced in 2004 by Apple. It allows you to draw arbitrary graphics such as
geometry primitives, shapes and images, gradients, strokes, and fills. It also has
a rich API to control the output that supports transformations like scaling,
rotation, and per-pixel image processing. With some extra effort, it can be used
for image-processing and applying advanced effects.

The canvas works differently than regular HTML rendering. With HTML, you
create elements and attach them to the DOM tree. Once they are attached, you
can change their look and position with CSS. If you move the div 100 pixels left,
the area where it was before is magically empty and the div appears in the new
position. Working with HTML nodes is like having a dozen papers with images
lying on your table; you can move them around, put one on top of the other, or
throw them away, as shown in Figure 2-1.

O G O

1 2

Figure 2-1. When you move a div on an HTML page, you don’t have to worry about clearing the content;
you change coordinates, and a div is rendered in a new location. Dotted borders show divs; dashed
borders show the div that is moving.

The canvas is more like painting on a ... canvas. Yes, the real-life one that is
made of fabric. Once you paint something, it is there until you erase it or paint
something else on top of it. To “move” the image, you first need to erase the old
image, restore all the other objects that might have been affected by the move,
and then paint the image again in the new place. Look at Figure 2-2, which
illustrates this idea.
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Figure 2-2. To change the position of an image, you first have to clear its original position, restore
other objects that might have been affected, and then paint the image in a new location.

Listing 2-2 is the example that demonstrates the canvas API. Read through the
code to get a feeling of the “canvas style” of web development.

Listing 2-2. Canvas APl Example

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<style>
</style>
<script>
function init() {
var canvas = document.getElementById('mainCanvas');
var ctx = canvas.getContext('2d");
ctx.clearRect(0, 0, 300, 300);
ctx.fillStyle = "lightgray";
ctx.fillRect(10, 10, 50, 50);
}
</script>
</head>
<body onload="init()">
<canvas id="mainCanvas" width="300px" height="300px"></canvas>
</body>
</html>

As you see, canvas is a regular DOM element just like div or table. It behaves
exactly the same way as the other nodes: it can be created via
document.createElement(), appended to parent, or styled with CSS. It can have
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margins, paddings, borders, position, and so on. The magic starts to happen
after the line var ctx = canvas.getContext('2d").

The Context

The context (the ctx in Listing 2-2) determines the “drawing mode” of the
canvas. From a practical point of view, this is the object that acts like the access
point to the whole set of drawing methods. Look at the listing once again.
Context is the object that is responsible for setting paint colors and for drawing
shapes. The type of ctx is CanvasRenderingContext2D, but we’ll call it just
context for simplicity. If you are still confused about the relationship between
canvas and its context, think of canvas as the dull DOM element that looks like
the transparent rectangle. The context is the entry point to draw on it; a
collection of functions that you use to paint something.

NOTE: At this point, one might ask: Why do | call canvas.getContext('2d")?
Why *2d"? Maybe there are other types of context like '3d'? The W3C specification
defines that getContext “returns an object that exposes an API for drawing on the
canvas. The first argument specifies the desired API. Subsequent arguments are
handled by that API.”

It basically means that you can get the different context out of the canvas, which
exposes the different set of API, like 3D API. What exactly you will get depends on the
browser. The result for 2D context is clearly defined by the W3C specification.

In 2007, Opera published the first experimental build that had a support for custom
3D canvas; you had to get the "opera-3d" context to access it. The WebGL
specification (https://www.khronos.org/registry/webgl/specs/1.0/),
released on March 3, 2011, defines its own context called "webgl" to access the
standardized 3D context. (We will take a deeper look into WebGL in Chapter 9.)

So '2d' is not just an arbitrary term that can be omitted.

This explanation should make it obvious why it is not completely correct to say
“the canvas can draw a curve.” It is not the canvas that can or can’t draw, it is
the graphical context, the API, that is responsible for drawing. What makes
perfect sense in one context (like curves in 2D), can be impossible to
accomplish in the other context (like curves in WebGL).
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The Coordinate System

Coordinates define where exactly you want a certain figure to be painted or how
big it will be. Almost every call to the canvas API involves the coordinates. If you
want to draw a rectangle, you have to set the top-left corner, width, and height.
For the circle, you need the center point and radius. What exactly are those
coordinates and how do they work?

The 2D context defines the rectangular bitmap area. The context uses a classic
Cartesian coordinate system to refer to individual points inside it. There are two
axes: the horizontal axis is called x and vertical is y. The x axis increases when
going to the right; and the y axis increases when going down. The point with
both x and y set to 0 is called an origin, it is located in the top-left corner of a
bitmap. Figure 2-3 shows four points, one of which is the origin. Each point has
the coordinates near it written in parentheses.
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Figure 2-3. The coordinate system of 2D context

In 2D space, each point is referred to by the pair of coordinates: x and y. In this
book, | use the regular mathematical notation: (x, y); for example, (10, 2)
means that the x coordinate of a point is 10 and the y coordinate is 2. The
coordinates of origin are (0, 0). In a graphical context the point (10, 8) will be
to the left of (15, 8), and to the bottom of (10, 2).

There is one more important rule that is worth mentioning here. Sometimes the
graphics APIs and software do not distinguish between the points of the
coordinate grid and pixels of the screen, and use these terms interchangeably.
The 2D context works in a different and somewhat unintuitive way (at least it is
unintuitive for people when they start to write the code for the canvas).
Coordinates are not pixels. Coordinates are small points /inside of the pixels or
between them; for example, the (0, 0) coordinate is a top-left corner of a top-
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left pixel. The center of the same pixel will have the decimal coordinates

(0.5, 0.5).

Imagine that you want to draw a thin vertical line from (1, 0) to (1, 4). You
want it to be one pixel wide and have a black color. The context will treat it as a
line that lies between the first and the second pixel of the screen. Figure 2-4
shows how 2D API treats such a call.
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Figure 2-4. Context treats the line with integer coordinates as if it lies between pixels.

The width of the line is one pixel, so the context should paint half of the left pixel
and half of the right pixel to make a total of one. Obviously, a device display
can’t handle this task since the pixel is the atomic element—it cannot be
painted with two different colors at the same time. So the line will overlap both
left and right pixels. To compensate for the increased width of the line, the
context renders both pixels semitransparent, making the line look lighter in
color. Figure 2-5 shows the model of such a one-pixel line that is positioned on
the boundary between real, physical pixels.
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Figure 2-5. The line is one pixel wide; it overlaps half of two pixels since it is positioned over their
boundary.

A context works like a painter with just enough paint in his bucket to cover a
wall. Suddenly, he realizes that there are fwo walls that have to be painted. He
decides to dilute his paint with water to get the job done (no extra money for
another bucket of paint—that’s life). Now both walls have a new color, but since
the layer of the paint is so thin, you can see the old wallpaper through it.

That is how the context draws the line: the stroke color is “divided” between the
left and the right pixel. The resulting color that the user sees will not be black; it
will be light gray. The resulting color also depends on the color of the
background since it is visible through a translucent line. Also, the resulting line
will be two pixels wide since both the left and right pixels are “covered” by the
original line. Figure 2-6 shows the result of such a call on 2D context. The white
dashed line is the line that was meant to be drawn. It lies between the pixels.
The resulting line is painted with 50 percent transparency; because of that, the
background affects the resulting color of the line. It is dark red on the top and
dark gray on the bottom.
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Figure 2-6. The result of using integer coordinates to draw the vertical one-pixel line

To draw the one-pixel black line, you have to set the decimal coordinates by
adding an extra half of a pixel. If a line from (1.5, 0) to (1.5, 4) goes through
the center of every pixel, it is exactly one pixel wide; and since it doesn’t overlap
any extra space, it has the pure black color.

What if you want a two-pixels-wide line? Correct. You have to switch back to
integer coordinates, otherwise it will effectively cover three pixels—one solid
pixel at the center and two semitransparent pixels on the sides.

Treating coordinates like that may be a little confusing, but it makes perfect
sense once you start to deal with shapes that are more complex. You shouldn’t
care a lot about the exact pixels that make up a figure if the figure is nicely
rendered and looks natural to the user. Smooth colors and soft edges look
natural; aliased “ladders,” where pixels are either black or white, do not. Figure
2-7 shows the practical difference between the two. The top row shows the
aliased version of the line and the circle (the normal size and zoomed
fragments), while the bottom row shows the same figures drawn with anti-
aliasing, as 2D context draws them. As you can see, the bottom images look
much nicer.
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Figure 2-7. Comparing aliased figures with smoothed figures

NOTE: The 2D context is anti-aliased by default. That's why those semitransparent
pixels appear. What if you want the old, jaggy pixel-art style? Can you turn the anti-
aliasing off? The simple answer would be no. If you still want to get full control over
the pixels, you'll have go to the lower level and work directly with the bitmap image
data. We'll show how to do it in upcoming chapters (Chapter 5 explains the basics of
this technique).

Now that we know how coordinate system works, we can start drawing actual
graphics.

Drawing Shapes

The 2D context defines two types of shapes: simple shapes and complex
shapes. Simple shapes is a geeky name for rectangles. Everything that is not a
rectangle is a complex shape, even a line. We’'ll start the drawing experiments
with the simplest possible figure, a rectangle. Then we’ll look into more complex
shapes and paths.

As | promised at the start of the chapter, we will prepare some code for our first
big project, a Four Balls game. Now that we know the tricky coordinate system
of the context, we can handle the first task: drawing a background for the game
board. The board is rectangular, so we'll start by learning how to draw a
rectangle outline and fill it with some color. The default white background is a
little dull, so we’ll change it to something better!
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Rectangles

Drawing a rectangle is a straightforward task (see Listing 2-3). There are two
functions for it: drawRect () and fillRect(). The first function draws only the
outline of the rectangle, which we will use for the border. The second draws a
filled shape, which is suitable for the background. Both methods take four
arguments: x and y of the top-left corner of the rectangle, and its size: width and
height.

Listing 2-3. Drawing a Rectangle

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<style>
</style>
<script>
function init() {
var canvas = document.getElementById("mainCanvas");
var ctx = canvas. getContext("2d");
ctx.fillStyle = "gray";
ctx.strokeStyle = "blue";

ctx.lineWidth = 3;
ctx.fillRect(50, 50, 100, 120);
ctx.strokeRect(4.5, 30.5, 70, 70);

</script>
</head>
<body onload="init()">
<canvas id="mainCanvas" width="300px" height="300px"></canvas>
</body>
</html>

The output looks like what is shown in Figure 2-8.

Figure 2-8. Drawing rectangles with drawRect and fillRect
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Insert the code from Listing 2-3 into the HTML template from the beginning of
the chapter. In the following listings, | omit the HTML wrapper since it usually
doesn’t change. You have to write your code straight into the init() method
and give it a try.

NOTE: This copy/paste approach is only used for short, hands-on examples because
now we learn how to draw things. In the next chapter, when we are done with the
basics, we will create a good object-oriented architecture for the game.

Don’t forget to use the coordinate guidelines from the previous section. The
stroke is a line; use the half-pixel coordinates when the stroke width is odd and
the integer coordinates when it is even, otherwise the line will be blurry and
semitransparent. For the fillRect operation, you can use the integer
coordinates all the time since you usually want to fill the whole pixel, not half
of it.

NOTE: | didn't mention how to use these strokes and fills. | explain them in detail in
the next sections. For now, think of a fill as the “paint bucket” tool in a graphical
editor and a stroke as the “border” of a shape.

To fill the whole available space, you can use canvas.width and canvas.height
properties. Listing 2-4 shows how to fill the background with a very light-yellow
color (like old paper) and how to draw a two-pixel border afterwards.

Listing 2-4. Drawing the Board Background

var canvas = document.getElementById("mainCanvas");
var ctx = canvas.getContext("2d");

ctx.fillStyle = "#fffbb3";

ctx.strokeStyle = "#989681";

ctx.lineWidth = 2;
ctx.fillRect(0, 0, canvas.width, canvas.height);
ctx.strokeRect(1, 1, canvas.width - 2, canvas.height - 2);

The output from this code looks like Figure 2-9.
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Figure 2-9. A filled and stroked rectangle

Paths

In 2D context, everything that is not a rectangle is a complex shape, which is
another geeky name. A complex shape is a “virtual” path that you draw on the
context. Why is it virtual? Because it is not visible until you stroke or fill it.

The dotted line on the first image in Figure 2-10 does not show on the display; |
put it there for reference. Fill works like the paint bucket; stroke is the border.
You can use either one of these, or both together, but the path will stay invisible
until you use either to “paint” it. Setting a path is like drawing a sketch with a
very thin pencil; to finish the picture, paint should be applied on top of it. Figure
2-10 illustrates this idea.

1 2 3 4

Figure 2-10. (1) Path without strokes and fills (invisible). (2) Path with stroke only. (3) Path with fill
only. (4) Path with both stroke and fill.

Context2D API has three “instruments” for building paths: lines, arcs, and
curves (quadratic and Bézier).

We will start learning how paths work from drawing a grid on the game board.
Then we look at arcs and draw tokens for the game. Finally, we will use curves
to draw some nice board decorations.
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Lines

Line is the simplest of the paths. The code to render a line on the canvas is very
straightforward:

ctx.beginPath();
ctx.moveTo(50, 50);
ctx.lineTo(120, 100);
ctx.strokeStyle = "#000";
ctx.stroke();

First of all, we need to let context know that we are starting a new path:
beginPath does exactly that. The moveTo method means “we are going to draw
the next path segment from this point.” Or, continuing the analogy with the
pencil and paper, “take your pencil off the paper and put it to that point without
drawing anything.” The next line of the code is self-explanatory: draw the line
from wherever you are to (120, 100). At this point, the line is not drawn yet; it
exists only as a virtual path. The final two lines stroke the path; the line finally
becomes visible. The result is not surprising: the line from (50, 50) to (120,
120), as shown in Figure 2-11.

Figure 2-11. Drawing a line

Now you know how to draw lines. Let’s use this knowledge to draw a grid for
the board (see Listing 2-5).

Listing 2-5. Drawing a Grid

// For now, set cell size explicitly, later

// we will calculate it based on device dimensions
var cellSize = 40;

ctx.beginPath();

// Drawing horizontal lines

for (var 1 = 0; 1 < 8; i++) {
ctx.moveTo(i*cellSize + 0.5, 0);
ctx.lineTo(i*cellSize + 0.5, cellSize*6)

}

// Drawing vertical lines

for (var j = 0; j < 7; j++) {
ctx.moveTo(0, j*cellSize + 0.5);
ctx.lineTo(cellSize*7, j*cellSize + 0.5);
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}

// Stroking to show them on the screen
ctx.lineWidth = 1;

ctx.strokeStyle = "#989681";
ctx.stroke();

The board has seven columns and six rows, so we need to draw eight vertical
and seven horizontal lines. Note that we don’t stroke each line individually. The
lines are joined into one big path that is stroked afterwards with a single
ctx.stroke() call. The individual line is called a subpath. More about subpaths
later in this chapter.

NOTE: As you see, I'm hard-coding the cell size here. Don’t do this in the real
application if your game needs to scale to fit screens with different resolutions. We
will rewrite the code and make it adapt to the screen size later in the next chapter.

If you add this code after the code from Listing 2-4, the result will look almost
like the board. The grid is not yet perfectly centered inside the board, but that’s
easy to fix as we will see in the final sections of this chapter.

We've used a method called beginPath, but we haven’t used anything like
closePath, even though there is a method with such a name. In terms of 2D
context, to “close” a path means to put a straight line between the last and the
first point of the subpath. If you need to create a triangle, for example, you only
need to define two lines out of three. When you close the path, the API will add
the third line for you.

Arcs

An arc is painted in a slightly different way than a line. You don’t have to “move”
your pencil anywhere; you call the arc method straight away, passing six
parameters: the x and y coordinates of the center, radius, start angle, end angle,
and counterclockwise flag.

NOTE: Why is there no method called “draw circle” in the API? The Context2D APl is
trying to be as compact as possible. It doesn’t have a lot of convenience methods; it
is left to developers to make them. An arc is a segment of circle, like a slice of pizza.
So the circle is the special case of the arc, the pizza that has only one big slice.
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Quick math hint. There are two metrics to describe angles: degrees and radians.
Degrees are the usual metric for everyday life: a right angle is 90 degrees, the
Earth’s axial tilt is around 23.4 degrees, and so on. Radians are mostly used in
math and ... the canvas API. A full circle is 360 degrees or 2*pi (2x) radians, so
one radian is about 57 degrees. It doesn’t make much sense to convert every
angle with a calculator to radians if you are used to degrees, or even write a
code that does so. It is best to get used to radians.

Radians expressed as plain numbers don’t make much sense; they are almost
always shown with pi (z) number. A full circle is 2z radians; a right angle is 7/2;
45 degrees is 7/8, and so forth. In JavaScript, there’s a handy constant defined
in Math class: Math.PI. Use it whenever you need to set the angle in radians.
Figure 2-12 illustrates how the arc is drawn and how the angles are expressed in
radians.
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Figure 2-12. The arc appears between the start angle and end angle, following the direction set by the
clockwise flag.

To draw a token we need a circle. A full circle is 2z radians. The following code
illustrates how to draw it:

var X = 90;
var y = 70;
var radius = 50
ctx.beginPath();

ctx.arc(x, y, radius, 0, 2*Math.PI, false);

// Setting stroke and fill style
ctx.fillStyle="darkgoldenrod";
ctx.lineWidth=5;
ctx.strokeStyle="black";
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ctx.fill();
ctx.stroke();

The last parameter in the arc function is the “direction” of the arc: if it is true,
then the arc will move between angles in a counterclockwise direction (by
default, it will move in a clockwise direction). When we draw a complete circle,
the direction doesn’t matter, so we leave the default.

Before looking at the output, let’s make another step towards the game: create
a two-dimensional array and fill it with the board data: 0 for no piece, 1 for a red
piece, and 2 for a green piece. Then we will draw pieces on the top of the grid
that we created in the previous section. Listing 2-6 shows the code.

Listing 2-6. Drawing Pieces
var data = [

[0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 2, 1, 0, 0],
[o) OJ 2) 1) 1) 2) 0]

1;

ctx.strokeStyle = "#000";
ctx.lineWidth = 3;

for (var i = 0; i < data.length; i++) {
for (var j = 0; j < data[i].length; j++) {
var value = data[i][j];
if (!value)
continue;

switch (value) {
case 1:
ctx.fillStyle = "red";
break;

case 2:
ctx.fillStyle = "green";
break;

}

ctx.beginPath();

ctx.arc((j+0.5)*cellSize, (i+0.5)*cellSize, cellSize/2 - 5, o0,
2*Math.PI, false);

ctx.fill();

ctx.stroke();
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Look at Figure 2-13. The result is starting to look like a real game.

|
Figure 2-13.The game field with grid and pieces

So far, we have the board background, the grid, and the pieces that we will use
in the game project in Chapter 3.

Curves

Besides the straight lines and arcs, the 2D context supports two other complex
types of paths: quadratic curves and Bézier curves. The math behind them is
somewhat more complex than the math for drawing a rectangle or circle, but I’ll
try to explain it without going too deep into the details.

Both types of curves use the “control points” to set the shape of the curve. The
first and the last control points are the anchors. They are the start and the end of
the curve itself. Other control points don’t belong to the curve, they rather act
like magnets that can twist and twirl it. Quadratic curves use three control
points, whereas Bézier curves use four. Let’s start with quadratic curves. Once
you get the idea, the mechanics behind the Bézier curve will be obvious. The
API to draw a curve is very simple, just one line of the code:

ctx.bezierCurveTo(0, 100, 60, 200, 30, 300);

To use it wisely, we’ll first take a step into the math.

Quadratic Curves

The curve is painted point-by-point. The position of each point of the curve is

defined by the position of control points. Let’s say we want to draw five points
that belong to the curve; the first point is the start of the curve, the last point is
the end of the curve, and the other three are points in the middle. Let’s use the
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parameter t to refer to the points of the curve. It will “move” from 0 to 1 as the
curve is drawn from the start to the end. t will be 0 for the first point, 0.25 for the
second point, 0.50 for the third point, 0.75 for the fourth, and 1 for the last. Now
we build a curve.

First, we have the control points: A, B, and C. The initial setup is shown in image
1 of Figure 2-14.

1 2

A
Figure 2-14. The math behind the curves

The start of the curve (when t is 0) is the point A. Now let’s deal with the second
point (t = 0.25). Measure one quarter (0.25) of the AB segment and one quarter
of the BC segment, and then draw the line between these two points, as shown
on image 2. Now we have a dotted “supporting line.” Take one quarter of this
new line and you’ll have the point of a curve! Image 3 shows this point marked
with a small cross.

Repeat these steps for the third point. The value of t is 0.5 (which is 2), so
instead of taking the quarters of segments, you have to measure the halves.
Draw the supporting dotted line between the middle of AB and the middle of
BC. Find the middle of the dotted line; this is the third point. The result is shown
in image 4 of Figure 2-14.

One more step for the fourth point, (t = 0.75), and the final point is point C (see
Figure 2-15). Now you have five points to build a curve! Join them with the
smooth curve, as shown on Figure 2-15, and the quadratic curve is ready.
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Figure 2-15. The quadratic curve built point-by-point

This mechanism is very powerful. With only three control points at your disposal,
you can build a curve that best suits your needs! Figure 2-16 shows more

examples of quadratic curves.

Figure 2-16. More quadratic curves

Bézier Curves

Bézier curves work the same way as quadratic curves, except that they use four
control points instead of three and they need three supporting lines instead of
one.

NOTE: Actually, both quadratic and Bézier curves in Context2D API are Bézier curves
from a mathematical point of view. It would be more intuitive if they were called
“cubic” curves since Bézier curves can be of any order. There are fourth and fifth
order Bézier curves too, but they are not supported by the canvas API.

Look at the example of a Bézier curve in Figure 2-17. To find the position of the
point, you first need to build a helper segment between AB and BC, then
between BC and CD. The algorithm of building these segments is absolutely the
same as for the quadratic curve. You pick a value from 0 to 1, call it t for
convenience, and find the piece of each segment that is proportional to the
value. (t = 0) is the start of the segment, (t = 1/3) is one-third of the
segment, and so on. After doing these steps on the Bézier curve, you build three
supporting points. Deal with them as if they are the control points of the
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quadratic curve. You have exactly the same setup as in the previous section
(three points and a t value) and you know how to find the point of such curve
already.

B

A D
Figure 2-17. Example of a Bézier curve
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Bézier curves are more flexible than quadratic curves: four points give you more
control over the shape. The Bézier curve can cross itself, but the quadratic
curve can’t. Figure 2-18 illustrates the behavior of different Bézier curves.
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Figure 2-18. More Bézier curves

Drawing Curves

Drawing curves on the canvas is way easier than understanding the math behind
them. The only thing that you have to do is to pass the coordinates of control
points to one of two methods: quadraticCurveTo() or bezierCurveTo(),
depending on which type of curve you want. The first control point is implicitly
the point where your “virtual pencil” is standing before the call. To illustrate, if
you called moveTo(10, 20), then lineTo(40, 50), your “current” coordinates are
(40, 50); they will be used as the first control point of the curve. The following is
an example of the Bézier curve:

ctx.beginPath();

ctx.moveTo(50, 50);

ctx.bezierCurveTo(0, 100, 60, 200, 30, 300);
ctx.stroke();

This code draws a Bézier curve that has four control points: (50, 50)—the start
of the curve, (0, 100); (60, 200)—the magnets; and (30, 300)—the end of the
curve.
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Let’s use imagination and add some kind of abstract figure on the background
of the game board. How about drawing two Bézier curves? Add the code in
Listing 2-7 right after you fill the background with the solid color, but before you
stroke the border (otherwise the curve will overlap it):

Listing 2-7. Drawing Curves on Background

// Drawing curves
ctx.strokeStyle = "#6f6e62";
ctx.fillStyle = "#e8b948";

ctx.beginPath();

ctx.moveTo(50, 300);

ctx.bezierCurveTo(450, -50, -150, -50, 250, 300);
ctx.fill();

ctx.beginPath();

ctx.moveTo(50, 0);

ctx.bezierCurveTo(450, 350, -150, 350, 250, 0);
ctx.fill();

The result looks ... somewhat abstract. A little bit of practice, and I’'m sure you
can make it better than what is shown in Figure 2-19.

| T

Figure 2-19. Using curves to decorate a background

Curves can do much more than drawing waves or hills. In fact, Bézier curves are
used very heavily in game development: for defining the movement paths, for
advanced easing functions, and for describing rather complex 3D geometry
such as B-splines or NURBS surfaces. The power of the Bézier curve lies in the
way it represents the shape; only a few points that are easy to transmit over a
network or save in a file.
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Subpaths

The path in 2D context may consist of several independent figures, called
subpaths; for example, you may draw two triangles as the components of the
single “path.” When you call stroke() or fill(), every subpath is stroked or
filled as the separate figure.

There are two ways to start a new subpath: calling moveTo() or closePath(). The
difference is that closePath adds the line from the current point to the first point
of the subpath to make it closed; whereas moveTo simply starts the new subpath.

NOTE: The name closePath is extremely misleading; the path itself is not closed.
All new geometry—lines, curves, and arcs—are added to the same path. The path is
closed (in fact, discarded) only when you call beginPath again.

Listing 2-8 shows the example of two triangles rendered with the help of
subpaths. The result is the same as rendering them with separate paths.

Listing 2-8. Two Triangles Rendered As the Subpaths
ctx.beginPath(); // Begin the path

ctx.moveTo(150, 150); // Start first subpath

ctx.lineTo(200, 200);

ctx.lineTo(100, 200);

// No need to add the line to (150, 150), it will be added by closePath
ctx.closePath(); // End subpath (not the path itself)

ctx.moveTo(250, 200); // Start second subpath
ctx.1lineTo(300, 250);

ctx.lineTo(200, 250);

ctx.closePath(); // End second subpath

ctx.fill();

ctx.stroke();

// Both triangles are filled and stroked at this point,
// since they are the subpaths of the same path

ctx.beginPath(); // The old path is discarded. New paths starts here
.. // next subpath code goes here

The result of the code is two triangles, filled and stroked as the single path (see
Figure 2-20).
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Figure 2-20. Two triangles drawn as subpaths of a single path

Most of the time, however, you create a separate path per figure. Subpaths
make a difference when you need to draw a lot of figures that have the same
stroke and fill style; for example, it is about 1.5 times faster to draw the grid as
one big path than stroke each line individually. Such cases are quite rare
though.

We've learned how to draw shapes, now it is time to learn how to paint them in
attractive colors. We've seen already how to change the color of fills and
strokes, but the canvas 2D API has many more options than just dull solid fills.

Strokes and Fills

You have already seen a few examples of strokes and fills in the preceding
sections. The following code shows how to set a fill color, a stroke color, and a
line width:

ctx.fillStyle = "gray";

ctx.strokeStyle = "blue";
ctx.lineWidth = 3;

Strokes and fills are really easy to understand. Stroke describes the outline of a
shape, while fill describes the internal area. Stroke is the “border” of a path, and
fill is its color. Both fillStyle() and strokeStyle() accept the same types of
values: solid colors, gradients, and patterns.

Solid Colors

CSS colors are the simplest way to define the style. You can use any format you
like: color name, color code, or rgb and rgba functions (see Listing 2-9).

Listing 2-9. Several Ways to Define a Color for Strokes and Fills

ctx.fillStyle = "#987654"; // Using the code of the color
ctx.strokeStyle = "blue"; // Using predefined CSS color name
ctx.fillStyle = "rgh(255, 0, 0)"; // using the rgb function
ctx.strokeStyle = "rgba(255, 0, 0, 0.5)"; // using the rgba function
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The context “remembers” the fill and stroke settings. It will use the latest values
until you override them explicitly.

Now let’s try gradients!

Gradients

Gradient is a smooth transition between two or more colors, or between shades
of the same color. The sky at sunset, changing from blue to red or a rainbow, is
an example of natural gradients. In computer graphics, gradients are used to
simulate light effects like flare, glow, or soft shadows. Figure 2-21 shows several
uses of gradients.

Figure 2-21. Gradients. The image on the left is a screenshot from the game Commander Keen, a jaggy
gradient is used on the sky background. On the right, multiple radial gradients are used to simulate
inner glow and shiny gloss.

Canvas supports two types of gradients: linear gradients and radial gradients.

Linear Gradients

To make a linear gradient, you first need to create the gradient object:

var gradient = ctx.createlinearGradient(10, 10, 50, 50);

The parameters that you pass to createlinearGradient are x and y coordinates
of two points: the start of the gradient and the end of the gradient. In the
previous example, | initialized the gradient that starts at (10, 10) and ends in
(50, 50). Next, you have to set color stops for the gradient:
gradient.addColorStop(0, "blue");

gradient.addColorStop(0.3, "green");
gradient.addColorStop(1, "red");



CHAPTER 2: Graphics in the Browser: The Ganvas Element

Each call associates a certain color with the point on the gradient line. The first
argument is the offsef. 0 means the start of the line; 1 means the end of the line.
In this example, we add three colors. The gradient starts blue. One-third into the
ling, it changes to pure green, and then ends as red. The areas before the start
and after the end of the gradient line is a solid color. In our example, the
gradient starts at (10, 10); the point (5, 5) is blue since it lies before the start,
and (70, 80) is red because it lies beyond the end of the gradient.

When the gradient is ready, you need to set it as fill or stroke:

ctx.fillStyle = gradient; // set gradient as fill
ctx.strokeStyle = gradient; // set gradient as stroke

It is much easier to understand if you try this code yourself: color gradients don’t
look that good on a book page. LED displays render them much better. Still, the
result of applying the simple linear gradient to the background of our board is
shown in Figure 2-22.

Figure 2-22. Linear gradient used as the board background

The code follows:

var gradient = ctx.createlinearGradient(o, 0, 0, 300);
gradient.addColorStop(o, "#ffffff");
gradient.addColorStop(1, "#c6c602");

ctx.fillStyle = gradient;

ctx.fillRect(0, 0, canvas.width, canvas.height);
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NOTE: The colors used in this example are rather bright in order to demonstrate how
the curves and gradients look. In the real product, the background should not distract
the user from the game. The rest of the code in this chapter use the production
version of the colors, which are dimmer and more attractive on the device screen.

Radial Gradients

Radial gradients work exactly the same way, with the only exception that they
use circles instead of lines to define the start and the end of the gradient. The
start of the gradient is /inner circle, and the end is the other oufer circle. To set
them both, you specify their center and radius, which are a total of six
parameters:

c.createRadialGradient(xo, yo, r0, x1, yi, rl);
The parameters are as follows:
y0 and y0: the center of the first circle

10: the radius of the first circle

x1y y1: the center of the second circle
r1: the radius of the second circle

The radial gradient makes a smooth color transition between the inner and outer
circles. Listing 2-10 shows the whole code.

Listing 2-10. Using Radial Gradients

var gradient = ctx.createRadialGradient(30, 30, 5, 45, 30, 60);
gradient.addColorStop(0, "blue");

gradient.addColorStop(0.3, "green");

gradient.addColorStop(1, "red");

ctx.fillStyle = gradient;

ctx.lineWidth = 10;

ctx.fillRect(0, 0, 80, 80);

Now let’s apply this new knowledge in practice and draw better pieces for the
game. The radial gradients work perfectly when it comes to simulating light and
fake volume. We will add the light-like flare and a tiny soft outline to the pieces
with the help of a single radial gradient (see Listing 2-11).
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Listing 2-11. Using Radial Gradients to Simulate Light and Shadow Effects

var x = y = 50; //center of the token

var gradient = ctx.createRadialGradient(x + 10, y - 10, 10, x, y, radius);
gradient.addColoxrStop(0, "yellouw");

gradient.addColorStop(0.95, "red");

gradient.addColoxrStop(1, "black");

ctx.fillStyle = gradient;

ctx.beginPath();
ctx.arc(x, y, radius, 0, 2*Math.PI, true);
ctx. fill();

The circle that is rendered here is significantly bigger than the token to show
how it will look. It is not a big deal to adjust the sizes after you have a big
version working. We are shifting the inner circle 10 pixels to the right and top
from the center of the piece. The outer circle has the same radius and position
as the piece itself.

The gradient has three color stops. The inner circle will be yellow since the
nearest color stop (the one at 0 coordinate) is yellow. The last two lines create a
shadow-like effect. Since the area for the last color change is very small (only 5
percent of the gradient), the user will see the thin border that looks more like a
shadow. Have a look at the image in Figure 2-23. The regular stroke does not
give as nice as an effect since the stroke has the same width on every segment
of the path, whereas the gradient is slightly thinner on the “lighted” side and
thicker on the “shadowed” side.

Figure 2-23. Using radial gradients to simulate the light and shadow effects

We can now modify the code that draws pieces to make the pieces appear
glossy. The technique is similar to the one described in Listing 2-11, except that
the position of the inner and outer circle of the gradient depends on the position
of the token itself. The code looks slightly more complex (see Listing 2-12).

Listing 2-12. Rendering Tokens with the Gradient Fill

// data variable is the array that holds the board state like in Listing 2-6
for (var i = 0; i < data.length; i++) {
for (var j = 0; j < data[i].length; j++) {
var value = data[i][j];
if (lvalue)
continue;
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var color;

switch (value) {
case 1:
color = "red";
break;

case 2:
color = "green";
break;

}

var x
var y

(j + 0.5)*cellSize;
(i + 0.5)*cellSize;

// Token radius
var radius = cellSize*0.4;

// Center of the gradient
var gradientX = x + cellSize*0.1;
var gradientY =y - cellSize*0.1;

var gradient = ctx.createRadialGradient(
gradientX, gradientY, cellSize*0.1, // inner circle (glare)
gradientX, gradientY, radius*1.2); // outer circle

gradient.addColoxStop(0, "yellow"); // the color of the "light"
gradient.addColoxStop(1, color); // the color of the token
ctx.fillStyle = gradient;

ctx.beginPath();
ctx.arc(x, y, cellSize/2 - 5, 0, 2*Math.PI, false);
ctx.fill();

}

As you see, the radial gradient uses two colors: yellow for the glare effect and
either red or green for the main piece color. Note again that we do not hard-
code any coordinates; they all are calculated based on the token position and
cell size. This approach allows reusing the same code for the various screen
sizes. We don’t care about actual screen dimensions as long as the cellSize
holds the correct value. The result was worth the effort. Take a look at Figure
2-24, which shows how the pieces look with the radial gradient.

LAl
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Figure 2-24. Radial gradient fill applied to the pieces

Patterns

Patterns are the last type of strokes and fills. Patterns do not work with colors.
Patterns take an image and cover a figure’s space with it, like the tiles on a
kitchen floor. Patterns work as shown in Figure 2-25.

+ Pattern + Shape -

Image
Figure 2-25. Using patterns as fill

To create a pattern you will need an image—a JPEG or a PNG or any other
web-compatible format—that the browser can handle. Our scene is repainted
only once, right after the page is loaded. It means that we need to have a fully
loaded image before we start to draw anything.

The problem is that browsers load images in an asynchronous manner; you can
never be sure that it is already in memory unless you specifically track it.
Fortunately, it is not hard at all to implement this logic; we only need to make a
couple small adjustments to our initial HTML skeleton. First, we want to
download a nice Android logo image from the server (see Listing 2-13).

Listing 2-13. Preloading the Image

var logo = new Image();

logo.onload = function() {
// This function will be called by the browser once the image
// has loaded
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};

logo.onerror = function() {
// Always add the error handling code, you never
// know when it will save you the debugging time
alert("Could not load the image!");

}.

lc,)go.src = “img/logo.png”;

When you assign the src parameter to the image object, the browser starts to
load an image from the given path. Our onload code will trigger the usual repaint
routine, right affer the loading is completed. This way, we guarantee that the
image is available for context’s methods when they get executed.

NOTE: In a real-world game, it is often useful to create an ImageManager, a
separate class that can handle multiple images and hide all the implementation
details away from the game logic. Besides, if you have a lot of images to preload, you
will need to show some kind of progress bar to the user and let him know that your
game isn't stalled. For our purposes, Listing 2-13 is enough to do the job, but we will
return to this subject in Chapter 4 and make a better version of the image loading
code. Now let's get back to patterns.

Patterns are easier than gradients. You create the pattern with createPattern()
method. It accepts two parameters: an image and a repetition strategy that tells
the context what to do if an image is smaller than the area to fill. It works exactly
the same way as background-repeat CSS property and accepts the following
same set of options:

repeat: repeat image in both directions (default)
repeat-x: repeat only horizontally

repeat-y: repeat only vertically, no-repeat—do not repeat the
image

Listing 2-14 is the example of patterns. To make the code a little more
interesting and clean, I’'ve wrapped the image-loading code into a separate
function that executes the callback once the loading is done. The logo variable
is global here; in a production environment, it is a rather bad idea to keep these
“magic globals.” You will find them hard to manage and remember sooner or
later. But for this example, it is OK.
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Listing 2-14. Using Patterns

var logo;

function init() {
loadImage("img/logo.png", function(loadedImg) {
logo = loadedImg;
drawScene();
D;
}

function loadImage(imageUrl, callback) {

var image = new Image();

image.onload = function() {
callback(image);

)

image.onerror = function() {
alert("Could not load the image!");

};

image.src = imageUrl;

}

function drawScene() {
var canvas = document.getElementById("mainCanvas");
var ctx = canvas.getContext('2d");
var pattern = ctx.createPattern(logo, "repeat”);
ctx.fillStyle = pattern;
ctx.lineWidth = 10;
ctx.fillRect(0, 0, 800, 600);

}

The bolded lines demonstrate how to create a pattern and use it as a fill. Let’s
review this code once again, since its structure has changed from the initial
HTMLS5 skeleton. Now we have 3 methods: init(), loadImage(), and
drawScene(). The first of these is executed right after the page has finished
loading. It is the entry point of the application. It starts the loading of the image
that will become a pattern later. When loadImage() is done, it calls the
anonymous callback function and passes the loaded Image object as the
parameter. Callback executes the drawScene(), the image is used for the pattern
and the pattern is used as the default fill. Figure 2-26 shows the result, a nice
tiled set of Android logos.
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Figure 2-26. Using patterns

If you want, you can use a pattern for the board’s background (I tried, but | liked
gradients better after all). Make sure that the color of the image is not too bright,
otherwise you will distract the user from the game itself.

Context State and Transformations

The final part of this chapter is devoted to the fransformations of the 2D context.
Informally, transformation is the rule that is applied to any drawing functions
executed on context. If you call ctx.scale(2, 2), for example, everything that
you draw afterward will appear twice as big. Context supports the three types of
transformations: translate, scale, and rotate.

More formally, transformation changes the coordinate system of the context; for
example, after scale(2, 2) each “unit” of coordinate space corresponds to two
pixels. So a rectangle with coordinates (10, 10, 5, 5) are drawn as if it is (20, 20,

10, 10).

NOTE: The code that illustrates the use of transformations can be found with the
sources for this chapter, the transform-demo.html file. The code is rather large
and doesn’t have any valuable new material, except for the few lines of
transformations, so it is not reprinted in this section. The code uses a slightly
different HTML skeleton. Instead of one canvas element, it has several canvas
elements. The first element shows the original scene, and the rest show the
transformed versions. You can use it as a playground: try different transformations,
applying them in different order and to different shapes. The demo uses shapes
instead of an image.
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The figures in this section show two important things: how coordinate axes are
transformed and how the shape changes. The initial scene is schematically
presented in Figure 2-27.

X
\Visible Area

Figure 2-27. No transformation, the original scene

By default, when no transformations are applied, the coordinate system looks
like what is shown in Figure 2-27: the x axis increasing to the right, and y axis to
the bottom, and (0, 0) is in the top-left corner of the canvas. Initially, the only
visible part of the coordinate space is where both x and y values are positive.

Translate

Translate is the transformation that shifts every object by a given distance. To
apply this transformation call:

ctx.translate(50, 100)

This code moves the axes, and hence every figure 50 pixels to the right and 100

pixels down (see Figure 2-28). The top-left corner of the canvas is now at point
(-50, -100).
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Visible Area

Figure 2-28. Using the translate function to move the shapes on the scene

This transformation is often used when you need to change the position of the
component without changing its code. Later in this chapter, we see how this
transformation might be used to improve the token rendering code by making it
more clear and easier to follow.

Scale

Scaling is the transformation that “stretches” or “shrinks” the shapes on the
scene. The scale value is set independently for x and y axes. The initial normal
scale is 1 for both axes, recorded as (1, 1) for short (in this subsection we use
this notion for scale values and not coordinates; the numbers mean the scale
value for x and y respectively).

The following are three simple examples to help you understand scaling better:

Scaling larger than 1 makes every figure bigger.
(2, 2), for example, makes shapes twice as large.

Scaling between 0 and 1 shrinks the shapes.
(0.5, 0.5) makes every shape half of the normal size.

Negatively scaling values changes the axis direction and flips
shapes. For example, (-1, 1) flips every shape horizontally.

The following code shows the common use cases of scaling:

ctx.scale(2, 2) // Makes all shapes two times larger

ctx.scale(1, 2) // Scales only by the Y axis (the aspect ratio will change)
ctx.scale(1, 1) // Does nothing, and leaves the coordinates intact
ctx.scale(-1, 1) // Flips on X axis
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When used with the negative values, scale changes the direction of the axis. It
looks as if flipping the shape. -1 on X causes the horizontal flip; -1 on Y causes
the vertical flip. Of course, you can combine it with the changes of the size; for
example, ctx.scale(0.5, -0.5) makes all figures two times smaller and also
flips the y axis.

Flipping is very useful for creating mirrored versions of the images. If you have
an image of a knight facing /eft, for example, you can easily create the mirrored
version (the knight facing right) straight in the browser instead of downloading
the extra image from the server. Figure 2-29 shows the effects of scaling and

flipping.

Visible Area

I Visible Area y I
ctx.scale(2, 1) ctx.scale(-1, 1)

Figure 2-29. Scaling. The left image is scaled on the x axis; the image on the right shows a flipped
scene.

TIP: You often have to combine “flips” with translate calls, since after the flip, the
part of the scene can appear out of the visible canvas area, like on the right image
on Figure 2-29.

The scaling transformation is often used to show the “liveness” of the game
objects: the “extra life” icon that shows the beating heart, the deformations of
the ball that hits the floor, or the cartoon-style bomb that is anxious to explode.
All these effects can be achieved with just a few scale calls.
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Rotate

Rotate transformation, as the name implies, rotates the scene around the origin
(0, 0). The angle is passed in radians, as in the rest of the API.

// rotate around point (0, 0)
ctx.rotate(Math.PI/4);

You will often need to rotate the object around an arbitrary point, not just (0,
0); for example, the turret of a tank should turn around its axis, not the origin of
the coordinates. In this case, you need to use the simple trick shown in the
following code:

// Rotate around arbitrary point (150, 150)
ctx.translate(150, 150);
ctx.rotate(Math.PI/4);

ctx.translate(-150, -150);

The result looks like the right image in Figure 2-30, compared with rotating
around the origin.

Visible Area

int (150, 150)

Figure 2-30. Rotating. The left image shows the effect of rotating around the origin; the image on the
right shows the effect of rotation around point (150, 150)

As you can see, we had to use three transformations in order to rotate the scene
around (150, 150): translate, rotate, and then translate back. This approach
is possible because the modifications of the context stack one on top of
another. Let’s look how multiple applied transformations affect the scene.
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Stacking Transformations

You are not limited to a single transformation per context. In fact, you can apply
as many transformations as you want; each one will change the rendering rules.
The order of transformations is very important; for example, if we have two
transformations (say, rotate by n/2 and scale by 2 on X axis), the result
depends on the order of calling corresponding functions.

Look at Figure 2-31. It shows the same scene with two transformations applied
in different orders.

Y

-
c /_'}",(

Visible Area Visible Area
X X

| It

Figure 2-31. The order of transformations affects the result. On the left, scale is applied before rotate;
on the right, scale is applied after the rotate.

Context applies its transformations to the shape in the reverse order. If you
called rotate then scale, the shape will look like it was first scaled and then
rotated.

Internally, transformations are stored as the matrix:. a two-dimensional 3 x 3
array of numbers. When you apply the transformation, you implicitly change this
array. A side effect is that you can apply as many transformations as you want
without affecting the performance. Context with 100 applied transformations will
not work any slower than the context with two transformations.

If you really know what you are doing, you can pass the transformation matrix to
the context manually. There are two methods for this: transform(), which
applies the transformation on top of the existing, and setTransform(), which
completely resets the matrix.
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TIP: Don’t worry if you don’t understand what the matrix is or how it changes the
coordinates of the shapes on the scene. In Chapter 8, we will have an in-depth look
into this topic.

Context State

Conftext stateis the collection of different settings that affect the rendering:
transformations, fills, strokes, and so forth. Sometimes it is useful to save the
state in order to restore it later. Let’s look at a simple scenario: a tank game
where each of the tanks can change their orientation and can also rotate their
cannons.

The code to draw the tank is shown in Listing 2-15.
Listing 2-15. Transforming a Context State

function drawTank(ctx, x, y, tankRotation, cannonRotation) {
ctx.translate(x, y);
ctx.rotate(tankRotation);
// draw tank body

ctx.rotate(cannonRotation);
// draw cannon

}

This function transforms the context in order to draw the tank. The problem is
that these transformations are not cleared afterward. When you try to draw the
second tank, the context is already transformed, and the subsequent
transformations are applied on the ones that precede them, as described in the
previous section. The result might be incorrect.

To fix the problem, the state of the context must be restored. It is possible, of
course, to apply the reverse transformations. If you called translate(x, y), call
translate(-x, -y); however, this method is too error-prone and it wastes
valuable CPU resources. The better way, shown in Listing 2-16, would be to
save() the context state in the first line and then restore() it in the last line.

Listing 2-16. Saving and Restoring a Context State

function drawTank(ctx, x, y, tankRotation, cannonRotation) {
ctx.save();
ctx.translate(x, y);
ctx.rotate(tankRotation);
// draw tank body
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ctx.rotate(cannonRotation);
// draw cannon
ctx.restore();

The state is “saved” in the internal stack. If you call this method multiple times,
the states will be pushed to the stack one by one. Then you can pop the states
back with restore(). Note that when you call save(), the current state of the
context is not reset. It still holds all the transformations and styles that were
applied before the call to save().

The rule of thumb: if the function or a block of code changes anything but the fill
and stroke styles, it should restore the original state of the context after it is
done drawing (see Listing 2-17).

Listing 2-17. Using save() and restore() with Multiple Transformations

function drawTank(ctx, x, y, tankRotation, cannonRotation) {
ctx.save();
ctx.translate(x, y);
ctx.rotate(tankRotation);
// draw tank body
drawBody();

// draw cannon
drawCannon{ctx, cannonRotation);

// draw any other tank features

ctx.restore();

}

function drawCannon(ctx, cannonRotation) {
ctx.save();
ctx.rotate(cannonRotation);
// actual code here
ctx.restore();

}

Context Transformations in the Sample Project

Now, let’s apply a few transformations to our sample project. First of all, we can
now implement the correct way of rendering the tokens, as shown in Listing
2-18. (The full version of the code is available in the next section).

Listing 2-18. Applying save() and restore() to the Sample Project

for (var i = 0; i < data.length; i++) {
for (var j = 0; j < data[i].length; j++) {
var value = data[i][j];
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if (!value)
continue;

// Determine the color of the token
var color;
switch (value) {

case 1:

color = "red";

break;

case 2:
color = "green";
break;

}

// Save the current state of the context,
// to restore it once the token is rendered
ctx.save();

// At this point the context is not yet transformed, we translate the
// coordinates.
ctx.translate((j + 0.5)*cellSize, (i + 0.5)*cellSize);

// After the call, the origin of coordinates (0, 0) is
// on the center of the cell

var radius = cellSize*0.4;

// Gradient offsets are now calculated relatively to the cell center
// such expressions look much cleaner!

var gradientX = cellSize*0.1;

var gradientY = -cellSize*0.1;

// Rest of gradient and fill setup omitted

// When fill setup is done, we are ready to draw the token,
// The code is also way easier to read

ctx.arc(o, 0, radius, 0, 2*Math.PI, true);

ctx.fill();

// Finally, restore the state of the context,

// if we don't do that, the transformations will stack and rendering
// code will work with completely wrong positions

ctx.restore();
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As you remember, the grid was not centered in the canvas; it was drawn in the
top-left corner of the board. Let’s fix this problem with another transformation,
shown in Listing 2-19.

Listing 2-19. Repositioning the Grid

// Apply after the border is drawn

var gridOffsetLeft = Math.floor((canvas.width - gridWidth)/2);
var gridoffsetTop = Math.floor((canvas.height - gridHeight)/2);
ctx.save();

ctx.translate(gridoffsetLeft, gridoffsetTop);

// Draw the grid and tokens as in Listing 2-18
ctx.restore(); // always restore the state

The result looks much better now.

Context transformation is a very powerful instrument. It allows you to make
effects that are impossible to achieve with other means.

The Sample Game Project Result

Now let’s review our uses of the canvas 2D API. The game board we’ve created
in this chapter is shown in Figure 2-32. The code that renders the Four Balls
game board and some of the pieces is shown in Listing 2-20.

0 | |

©OOQO |
I

Figure 2-32. The final version of the game board
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Listing 2-20 shows most of techniques described in this chapter. The fragments
of this code, properly divided into the smaller functions, will be used in the game
project in Chapter 3. The code is also available in the final.html file with the
other materials for this chapter.

Listing 2-20. The Final Version of the Code That Renders the Game Board and Pieces

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<style>
</style>
<script>
function init() {
var canvas = document.getElementById("mainCanvas");
var ctx = canvas.getContext("2d");

// Background

var gradient = ctx.createlinearGradient(o, 0, 0, 300);
gradient.addColorStop(0, "#fffbb3");
gradient.addColorStop(1, "#f6f6b2");

ctx.fillStyle = gradient;

ctx.fillRect(0, 0, canvas.width, canvas.height);

// Drawing curves
ctx.strokeStyle = "#dad7ac";
ctx.fillStyle = "#f6f6b2";

ctx.beginPath();

ctx.moveTo(50, 300);

ctx.bezierCurveTo(450, -50, -150, -50, 250, 300);
ctx.fill();

ctx.beginPath();

ctx.moveTo(50, 0);

ctx.bezierCurveTo(450, 350, -150, 350, 250, 0);
ctx.fill();

// Border

ctx.strokeStyle = "#989681";

ctx.lineWidth = 2;

ctx.strokeRect(1, 1, canvas.width - 2, canvas.height - 2);

// Grid and pieces (translate to center in on Canvas)
var cellSize = 40;

var gridWidth = cellSize*7;

var gridHeight = cellSize*6;
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var gridOffsetLeft = Math.floor((canvas.width - gridWidth)/2);
var gridoffsetTop = Math.floor((canvas.height - gridHeight)/2);

ctx.save();
ctx.translate(gridOffsetLeft, gridOffsetTop);

// Grid
ctx.beginPath();

// Drawing horizontal lines

for (var 1 = 0; 1 < 8; i++) {
ctx.moveTo(i*cellSize + 0.5, 0);
ctx.lineTo(i*cellSize + 0.5, cellSize*6)

}

// Drawing vertical lines

for (var j = 0; j < 7; j++) {
ctx.moveTo(0, j*cellSize + 0.5);
ctx.lineTo(cellSize*7, j*cellSize + 0.5);

}

// Stroking to show them on the screen
ctx.lineWidth = 1;
ctx.strokeStyle = "#989681";

ctx.stroke();

// Pieces

var data = [
[0, 0, 0, 0, 0, 0, 0],
(o, 0, 0, 0, 0, 0, O],
(o, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0],
[0) 0,0, 2,1,0, 0])
[0, 0, 2, 1, 1, 2, 0]

1;

ctx.strokeStyle = "#000";
ctx.lineWidth = 3;

for (var i = 0; 1 < data.length; i++) {
for (var j = 0; j < data[i].length; j++) {
var value = data[i][j];
if (!value)
continue;

// Determine the color of the token
var color;
switch (value) {

case 1:

color = "red";
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break;

case 2:
color = "green";
break;

}

// Center of the token
var x = (j + 0.5)*cellSize;
var y = (1 + 0.5)*cellSize;

// Token radius
var radius = cellSize*0.4;

// Center of the gradient
var gradientX = x + cellSize*0.1;
var gradientY =y - cellSize*0.1;

var gradient = ctx.createRadialGradient(
gradientX, gradientY, cellSize*0.1, // inner circle

(glare)
gradientX, gradientY, radius*1.2); // outer circle
gradient.addColorStop(0, "yellow"); // the color of the
"light"
gradient.addColorStop(1, color); // the color of the token
ctx.fillStyle = gradient;
ctx.beginPath();
ctx.arc(x, y, radius, 0, 2*Math.PI, true);
ctx.fill();
}
// Restore the state of the context, since we've changed it
ctx.restore()
}
</script>
</head>

<body onload="init()">

<canvas id="mainCanvas" width="300px" height="300px"></canvas>
</body>
</html>
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Summary

In this chapter, we learned the basics of rendering graphics in a browser. To do
that, we used the canvas object, a relatively new HTML5 element that pushes
the limits of browser graphics and allows us to make browser games that are
more advanced.

We had the practical goal of preparing the code for the Four Balls game that we
will make in Chapter 3. We created the game board: a grid, tokens, and a
background filled with a linear gradient and decorated with Bézier curves. To do
all that, we learned the canvas API. Specifically, we learned how to

draw shapes (simple and complex)

use fills (colors, patterns, and gradients)

apply transformations (translate, move, and fill)
save and restore the state of the context

The code to render the game is almost ready, but it is not a game yet. A game
must have certain logic and it must handle user input. The chapters that follow
are devoted to covering these topics.
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Chapter

Creating the First Game

The goal of this chapter is to make a simple 2D web game. We have already
learned the essentials of the canvas API, the powerful mechanism for rendering
arbitrary shapes or images inside the web page. Now it is time to use this
knowledge in practice and create a real game project.

We will call our game “Four Balls.” This is the web version of the popular logical
game that has been known under several names, including “Four in a Row,”
“Four in a Line,” and “Plot Four,” and has had several rule variations. According
to rumors, the game was played as early as 18" century by Captain James
Cook. He loved the game so much, that his crew called it “The Captain’s
Mistress.” A popular commercial version of the game, Connect Four, was first
sold in 1974 by the Milton Bradley Company. In 1988, Connect Fourwas
“mathematically solved.” It turned out that the first player can force victory by
following a particular optimal strategy. Nevertheless, the game is still very
popular in both real-life and electronic versions.

The rules are very simple. The game is played on a vertical seven-column, six-
row board. Players drop different colored pieces that fall straight down the
board. The player who first makes a line of four pieces of the same color is the
winner. The project is quite easy to accomplish, yet it shows several important
aspects of game development.

Before getting our hands dirty with the code, we will need a good plan. We'll
start from reviewing the HTML5 skeleton. The version that we used in Chapter 2
needs to be adjusted to fit the game development needs.

The game architecture is another issue to address. Adding more and more code
to the same file will soon make the project rather hard to improve and maintain.
We have to develop a better “logical” structure for it: divide the functionality of
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the game between several classes so that each one is responsible for its own
small task.

Finally, we will have to add user input handling and implement the game logic.
User input and browser events are covered in greater detail in Chapter 5;
however, we still need to add a little bit of code, without going into the details of
how or why it works, because otherwise we can’t have a working game.

In this chapter, we will learn how to do the following:
Update HTML5 skeleton for mobile game development needs

Create game architecture and separate the code responsible
for game logic from the rendering code

Implement game mechanics: validation of turns, game state,
win/lose conditions

Add the basic input handling to the project

Before we start, take a look at Figure 3-1. It shows what the final version of the
game looks like launched in a browser.
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Figure 3-1. The Four Balls game

HTMLS5 Game Skeleton

Games are different from the regular web pages and they require a different
HTML skeleton. This section is devoted to making such a skeleton. We start
with an overview of the reasons why we should change it, and then we will look
at how to implement the new skeleton with HTML, CSS, and JavaScript. In this
section, we will first build our skeleton with the basic features we want for our
example. One of those features involves enabling graceful screen reorientation.
However, sometime you may prefer a specific orientation—either portrait or
landscape—so we will look at ways to manage “forced orientation.”
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The Standard Skeleton

A regular web page can have many elements, and if there is not enough space
to display them all, a browser will add scrollbars. Game-oriented mobile web
pages often have only one HTML element: the canvas that takes all the available
screen space.

The mobile game should do its best to prevent the browser from showing the
scrollbars. Scrollbars take precious space and they also “steal” the move event
from the game. In a strategy game, for example, the move can be treated as
“scroll the world map”’—which is what the user wants when he swipes the
screen. If the page doesn’t fit the single screen, however, the same event must
be treated as “scroll the browser page.” In this situation, the game engine
cannot use the move event for its needs because it is already used for the needs
of the browser.

The mobile web game should not allow scaling by the user or the browser.
Nowadays, there is a wide variety of mobile devices that have different pixel
densities and resolutions. Mobile browsers try to be smart and scale the web
page to look best on the given device. This makes perfect sense for regular
pages: the fonts will neither be microscopic nor giant, and the page will look
roughly the same on old and new devices, smartphones and tablets. Game
engines are different. They don’t need the browser to be “smart” because they
are smart themselves. Games are often made of raster images that do not scale
well no matter how hard a browser tries. That’s why it is better to turn this
feature off from the very beginning.

NOTE: Learn more about the reasons and effects of this browser behavior in the
great blog post “A Pixel Is Not a Pixel” at www. quirksmode.oxrg/blog/
archives/2010/04/a_pixel is_not.html.

The skeleton should gracefully handle the change of orientation. Once the user
rotates the device, the canvas is resized to fit the new proportions of the screen,
and the game rerenders itself, taking the new size into the account.

Let’s take the HTMLS5 skeleton from Chapter 2 and add few more lines of code
to it to implement the features described earlier. Listing 3-1 shows the initial
skeleton.
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Listing 3-1. The Initial HTML5 Skeleton

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<style>
</style>
<script>
function init() {

</script>
</head>
<body onload="init()">

</body>
</html>

First, let's restrict the resize behavior. Add one more meta tag right after the
meta charset, like in Listing 3-2.

Listing 3-2. Viewport Meta Tag: Setting Zooming Options for a Web Page

;ﬁéta charset="utf-8" />

<meta name="viewport" content="width=device-width, initial-scale=1.0,
maximum-scale=1.0, user-scalable=no, target-densitydpi=device-dpi"/>
<style>

This code sets the parameters of the viewport, in other words, it gives the
browser several hints on how to render the page. We instruct the browser to set
the initial and maximum scale to 1.0 (which means no scaling), ignore the user’s
attempts to scale the page (user-scalable=no), and finally, give us the real
pixels, so that 1px is exactly what it sounds like—one physical pixel of the
device screen (target-densitydpi=device-dpi).

The page, however, might still have scrollbars. To prevent them from appearing,
add the style declaration in Listing 3-3.

Listing 3-3. CSS for the Page: No Scrollbars, Margins, Paddings, or Borders

<style>
html, body {

overflow: hidden;
width: 100%;
height: 100%;
margin:o0;
padding:0;
border: o;
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}
</style>

The overflow: hidden instruction makes the browser “cut off” everything that
goes beyond the visual page bounds, and thus never show the scroll bars. The
other lines make sure that the page body uses every available pixel: 100% width
and height, no margins, borders, or paddings.

Resizing of the canvas is the trickiest part. Unfortunately, we can’t make it with

pure CSS, so we’ll have to write few lines of JavaScript. The code in Listing 3-4
makes use of browser events that we cover in detail in the Chapter 5. For now,

you should just believe that it works.

Listing 3-4. Listening to Browser Events to Resize the Canvas Once the Page Is Resized

function init() {
var canvas = initFullScreenCanvas("mainCanvas");
}

/**
* Resizes the canvas element once the window is resized.
* @param canvasIld - string id of the canvas element
*/
function initFullScreenCanvas(canvasld) {
var canvas = document.getElementById(canvasId);
resizeCanvas(canvas);
window.addEventListener("resize", function() {
resizeCanvas(canvas);

R

return canvas;

}

The code in Listing 3-4 has two functions. The first one, init(), is already
familiar to you: the browser executes it once the body has finished loading. The
second function, initFullScreenCanvas(), makes canvas take all the available
screen space, even when the window is resized or a device changes an
orientation. It “listens” to the resize event, and every time such event is
detected, it calls resizeCanvas(). Next, resizeCanvas() takes care of the
resizing: it finds the new size of the page and updates the size of the canvas
appropriately. The code for this function, shown in Listing 3-5, is also rather
simple.
Listing 3-5. resizeCanvas, the Function That Finds the New Size of a Page and Updates the Canvas to
Fit It
/**

* Does the actual resize

*/
function resizeCanvas(canvas) {
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canvas.width document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
// Notify the main game class that canva is resized

When you assign a value to canvas.width or canvas.height, canvas swipes any
content and becomes blank, even if the new value is the same as the previous
one and there was no actual resize. In this case, the game must immediately
repaint the scene. That’s where the last commented line comes from. Once we
have the class that knows how to repaint the scene, we notify it about every
resize so that it has a chance to redraw the board. For now, we will leave the
comment here to remind us that this function is yet to be finished.

NOTE: The size-detection code relies on two properties: document.width and
document.body.clientWidth. Why use both of them? This approach is required
for cross-browser compatibility. We will use browsers other than the default Android
browser during the course of this book, so it is best to keep the cross-browser
version of the code from the very beginning.

The final version of the skeleton looks like Listing 3-6.
Listing 3-6. HTML5 Skeleton Modified for Game Development Needs

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<meta name="viewport"
content="width=device-width, initial-scale=1.0, maximum-scale=1.0,'
user-scalable=no, target-densitydpi=device-dpi"/>

<style>
html, body {

overflow: hidden;
width: 100%;
height: 100%;
margin:o;
padding:0;
border: 0;

}

</style>
<script>
function init() {
var canvas = initFullScreenCanvas("mainCanvas");
}
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function initFullScreenCanvas(canvasId) {
var canvas = document.getElementById(canvasId);
resizeCanvas(canvas);
window.addEventListener("resize", function() {
resizeCanvas(canvas);

R

return canvas;

}

function resizeCanvas(canvas) {
canvas.width = document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
// Notify the main game class that Canvas is resized

}

</script>
</head>
<body onload="init()">
<canvas id="mainCanvas" width="100" height="100"></canvas>
</body>
</html>

Forced Orientation

The skeleton in Listing 3-6 doesn’t force the screen orientation, but merely
rerenders the canvas once it detects that the size of the window has changed.
As you know, many native Android games lock the screen in a fixed position—
either portrait or landscape—depending on which is best for the game. In a
browser environment, forcing orientation is not possible. This practice is
considered to be too intrusive and may harm the user’s experience. Without
doubt, games are very different from the typical web pages that show news or
weather forecasts, so what is bad for one type of site might sound like a good
idea for others.

The web game is essentially a web page that renders inside the browser, and
the user expects certain behaviors from it. If the device is rotated, the browser
should reorient. If you change this behavior, you better have a very good reason
for it. But wait, | just said that it is impossible to lock the orientation. How we
going to change that behavior, then?

The Android browser uses the event called “orientationchange” to notify the
page that the device has changed its orientation. The current orientation value is
stored in the window.orientation property. Combining the two, you can build a
mechanism that gently hints to the user that the game looks better with the
other screen orientation. For example, you can create a dialog (preferably not an
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alert box, but a dialog styled as the game Ul element) that outputs some text in
the form of advice: “Hint: Four Balls is best played in portrait mode.” Make sure
to add a “Do not show again” check box or something similar to unsubscribe
the user from this notification.

The other possible solution is to mimic the locked orientation. With the help of
context transformation, you can rotate the coordinates of the canvas whenever
the user is rotating his screen so that game elements always preserve the
correct orientation. The code in Listing 3-7 shows how to update the skeleton to
lock the game orientation that way.

Listing 3-7. Locking the Game’s Orientation

<script>
var canvas;
var ctx;
function init() {
canvas = initFullScreenCanvas("mainCanvas");
ctx = canvas.getContext("2d");
repaint();

function initFullScreenCanvas(canvasId) {
var canvas = document.getElementById(canvasld);
resizeCanvas(canvas);
window.addEventListener("resize", function() {
resizeCanvas(canvas);

});

return canvas;

}

function resizeCanvas(canvas) {
canvas.width = document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
// Paint something to see the effect of changed orientation
repaint();

function repaint() {
if (Yctx)
return;

// Clear background
ctx.fillStyle = "white";
ctx.fillRect(0, 0, canvas.width, canvas.height);

reorient();
ctx.fillStyle = "darkgreen";
ctx.fillRect(10, 10, 250, 30);
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}

function reorient() {
var angle = window.orientation;
if (angle) {
var rot = -Math.PI*(angle/180);

ctx.translate(angle == -90 ? canvas.width : o,
angle == 90 ? canvas.height : 0);
ctx.rotate(rot);
}
}
</script>

The new code is in bold. We added a repaint() function, which draws a green
figure that looks like the letter T. Before executing the drawing code, it calls
reorient(), a function that changes the coordinate system of context once the
device changed the orientation. The effect of this is that the screen looks
“locked” in a portrait mode, no matter how the user rotates the smartphone. The
green “T” is glued to the top of the device. Figure 3-2 shows the normal
behavior of the browser vs. the “locked” behavior.
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Figure 3-2. The behavior of the portrait-locked page (top) vs. a normal page (bottom)
The image at the left of Figure 3-2 shows the initial state of the page, in the

portrait screen orientation. The top two images show the rotation behavior of the
locked version. As you see, the only element that actually follows the change of
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orientation is the address bar. The page looks like it doesn’t react on change.
The bottom two images show the normal behavior of the page.

General advice for the web games: if you can make your game work in both
orientations—then do it. This way, you will not violate the standard behavior,
and the user will stay happy. If you need to lock the orientation no matter
what—use the least intrusive possible way of doing it. The rest of the code in
this book relies on a standard browser behavior and does not force any
particular orientation.

NOTE: Locking the screen orientation in native Android games is a standard practice,
so you should not avoid it if you design your game to be native. More about making
native games out of a web application in Chapter 15.

Most of the examples in this book use this basic skeleton, and the project in this
chapter is no different. The fullscreen-canvas setup that we just implemented is
not the only possible way of laying out a web page, of course. The game may
have a smaller canvas and use the rest of the page space for the user interface
elements—the in-game chat controls, for example. However, the approach
described in this section is the most typical.

The code of the skeleton is saved separately for your convenience in the file
called skeleton.html. Once you start the new game experiment, you can use it
as a template.

Game Architecture

The goal of this section is to think about the components that make up the Four
Balls game. What are the functions of these components, and what are the
relations between them? Games are relatively complex applications that might
have dozens of different classes, each responsible for its own task: loading
resources, rendering scene, game logic, networking, artificial intelligence,
sound, and so forth. If all code is put into one huge class (or even worse,
straight into the body of the HTML page), you will end up with a monstrous
script that is impossible to understand or change.

We want our project to be well-written: no global variables to hold states, no
“smell” in the code, and a clean, object-oriented API with each class performing
a clearly defined set of functions. If you feel uncomfortable with inheritance and
prototypes in JavaScript, don’t hesitate to peek back to the first chapter of this
book. Understanding these principles is very important for this chapter.
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Let’s start from the game flow and then think about how the game can be
broken down into a set of independent components. Here’s what happens once
the game is loaded:

1. Initially, the user sees the empty board.

2. The user taps the board to place the token. If the turn is invalid,
then nothing happens.

3. If the last turn was a “winning” turn, the game reports which
player has won: red or green. If there are no more spaces left on
the board, the game reports a draw. Otherwise, the next player
has a chance to make his move.

4. Once the game is over (ether win or draw), the players should
see an alert box with text that says like, “Red player wins.”

5. Finally, a new game starts. The board is empty and ready for the
game.

Quite simple, right? Now let’s take another step, thinking about what exactly the
game should be able to do to implement the described flow:

Draw the board and tokens (rendering)

Check if the turn is valid and doesn’t break the game rules,
and check whether the player has won or if the draw state was
reached (logic)

React on user input and determine which column was clicked
(event handling)

Wire components together: pass the events from the browser
to the logic-processing, call-rendering routines; update the Ul
whenever the board changes; manage the game flow; report
wins or draws; empty the board for the new game; and so
forth (housekeeping).

Now it is very easy to break the whole project into classes. They are as follows:

Game: The class that is responsible for starting the game, event
handling, and housekeeping. Its task is to wire other
components together and make them speak to each other.
Think of it as the main “orchestration” class for the game.
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BoardModel: The meat of the game. The class responsible for
the mechanics. It holds the information about the state of the
game: which cells are empty, which are occupied by red and
green pieces, who is the current player, and what will happen
if he drops a piece in a third column. This is where we
implement the rules: validation of the turn and checking win
conditions.

BoardRenderer: The class responsible for visuals and rendering
the game interface on canvas. When BoardRenderer needs to
render a cell, it asks the BoardModel about the state of that
cell: is it empty, red, or green? BoardModel works like the data
source for the renderer. Most of the code for this class was
written in Chapter 2.

To make the architecture even more clear, the following is an example of how
classes interact with each other once the user taps the screen:

1. The user taps the screen. The browser fires the event that has
the coordinates of the click.

2. The Game class receives the event and checks which column
was under the user’s finger. It can translate from browser
coordinates to the column coordinates because it knows the
position of the board inside the canvas, as well as the width of
the columns, so it can tell which column was just tapped.

3. Having the column index, the Game asks BoardModel if it is OK to
make a move. If the column is full, it will ignore the invalid input.
A valid move updates the BoardModel: the new token appears in
the internal board representation.

4. Now the turn is made but the user doesn’t see any changes on
the screen yet. We have updated the model but not the
canvas—it still holds the old version of the board. Game uses
BoardRenderer to redraw the cell that has the new token in it.

5. To redraw the cell, BoardRenderer needs to know the color of
the token in that cell. It gets the color ID from the BoardModel
and renders the cute, gradient-filled ball.

6. Now the canvas is updated and the player sees the new ball.

7. Finally, when the match is over, the Game shows the alert box to
notify the user about the result.
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8. The Game “resets” the state of BoardModel, uses BoardRenderer
to redraw the empty board, and starts the new match.

Making the Game

Once we defined the architecture, we are ready to write the code. Start from
creating the empty folder and copying the skeleton from Listing 3-5 to the
index.html file. Create the js folder—we will keep all our scripts there. You can
now point the nginx web server to the project folder, as described in Chapter 1,
to test your game with the real device.

Rendering the Board

We will start from the BoardRenderer—the simplest class in the project. It is
responsible for rendering the interface: a background, a grid, and pieces. Most
of the code in this section is derived from the examples of Chapter 2, so it will
look familiar.

Create the new file called BoardRenderer. js and put in into the js folder. Next,
add the following tag to the index.html file to load the script:

<script src="js/BoardRenderer.js"></script>

Open the newly created file in your favorite IDE and prepare to write some code.

Note: In this book, every example uses the same naming convention and almost the
same project structure. When you need to create the new class and add it to the
project, you start from creating the empty file in <project_folder>/js. The name
of the file should be <ClassName>. js. For example, the code for BoardModel class
should go to the file named BoardModel. js. This is a simple and very convenient
way of organizing your code. It keeps your project folder clean and makes it easy to
find the class you need. And don't forget to include every script you create into the
index.html page.

Constructor

Let’s start from the constructor. When you write the constructor of the class,
you must think about the type of data that is absolutely essential for this class.
What does it need to function correctly? The BoardRenderer class needs the
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context to draw on, otherwise it is useless. It also needs the BoardModel to get
the color of the pieces. Listing 3-8 shows the first lines of the constructor.

Listing 3-8. First Version of the BoardRenderer Constructor That Saves the Essential Parameters

function BoardRenderer(context, model) {
this. ctx = context;
this. model = model;

}

_p = BoardRenderer.prototype;

Now think about the fields that hold the state of the class. Put them in the
constructor, even if you can’t initialize them with meaningful values straightaway
(see Listing 3-9). It is good to have them in one place—once you open the file to
read the code, you can navigate to the constructor and see all the variables that
hold the state of the class instances.

Listing 3-9. The BoardRenderer Constructor, All Variables Declared

function BoardRenderer(context, model) {
this. ctx = context;
this._model = model;

// Save for convenience
this. cols = model.getCols();
this. rows = model.getRows();

// top left corner of the board
this. x = 0;
this. y = 0;

// Width and height of the board rectangle
this. width = 0;
this. height = 0;

// the optimal size of the board cell
this. cellSize = 0;

Don’t worry if you don’t understand where those fields come from, | will explain
everything in just a minute.

It is convenient to save the reference to the class’ prototype in the variable with
the short name, as follows:

_p = BoardRenderer.prototype;

When you start writing functions, the code looks much cleaner. Look at the
following snippet that compares two styles. The first line that uses explicit
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prototype is harder to understand; you have to read the
BoardRenderer.prototype part (23 characters!) before you finally reach the name
of the function. In the second case, it is only two characters.

BoardRenderer.prototype.repaint = function() { .. } // Without small variable
_p.repaint = function() { .. } // With small variable

Working with Different Screen Sizes

One of the most important features of this class is that it should not rely on any
hardcoded coordinates or sizes. If you’re hard-coding the token size, for
example, you're limiting the use of the class to devices with certain resolution
and pixel density. The token that looks good on a smartphone might be too
small for a Full HD laptop screen. That’'s why it is important to keep all sizes
relative. Listing 3-10 shows how to calculate the radius of the token and offsets
of the gradient.

Listing 3-10. Calculating the Radius of Token and Gradient Offsets

// Token radius
var radius = cellSize*0.4;

// Center of the gradient
var gradientX = cellSize*0.1;
var gradientY = -cellSize*0.1;

var gradient = ctx.createRadialGradient(
gradientX, gradientY, cellSize*0.1, // inner circle (glare)
gradientX, gradientY, radius*1.2); // outer circle

The cellSize variable is calculated elsewhere (in Game class to be exact) and it
represents the optimal size of the board cell in the browser window. The bigger
the screen, the bigger the cellSize gets. If we change the value of this variable,
the elements simply scale, the token retains its proportions, and the gradients
remain correctly positioned. Listing 3-11 is the code for the function that sets
the parameters of a game Ul: the position and the cellSize.

Listing 3-11. Setting the Parameters of the Game Ul: The Position of the Board Within a Canvas and the
Size of a Cell
/%%
* Sets the new position and size for a board. Should call repaint to
* see the changes
* @param x the x coordinate of the top-left corner
* @param y the y coordinate of the top-left corner
* @param cellSize optimal size of the cell in pixels
*/
_p.setSize = function(x, y, cellSize) ({
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this. x = x;

this. y = y;

this. cellSize = cellSize;

this. width = this._cellSize*this. cols;
this. height = this. cellSize*this. rows;

};

JSDoc Comments

While the function body is trivial, the style of comments might be new for you.
This way of documenting the code is known as JSDoc. It is slightly different
from the normal comment: it has special tags that start from the @ character,
like @param. These tags denote which aspect of the code is documented: a
parameter of the function, the name of the author of the code, or the default
value of the variable. These tags are human-readable; they do not make the
comments any harder to understand. But the real use of such tags comes when
you work with tools that understand them, like IDE. The JSDocs tags are quick
to parse and they allow creating better-structured documentation. Figure 3-3
shows how WebStorm renders JSDoc from the function shown in Listing 3-11.

p.handl ze = function() |
"~ this. srCanvas () ;
this. boardRect = this. gett rdRect () ;
this. board.setSize (this. boardRect.x, this. boardRect.y, this. boardRect.cellSize);
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}; A jchap3 &

BoardRenderer.setSize( x,

Sets the new posttion and size for the board. Should cal repaint to
see the changes

. Parameters:
x - the x coordinate of the top-left comer
y - the y coordinate of the top-left comer
cellSize - optimal sze of the cell in piek
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Math.fleoor(
-min(this. canvas.width/Game.BOARD WIDTH, this. canvas.height/Game.BOARD HEIGHT));

Figure 3-3. JSDoc rendered in WebStorm

There are several tools, such as jsdoc-toolkit (http://code.google.com/p/
jsdoc-toolkit/), that generate the documentation for the whole project in the
form of static HTML files, ready for publishing on a web site. The wiki page of a
jsdoc-toolkit project (see http://code.google.com/p/jsdoc-toolkit/w/list)is a
good source of inspiration on how to make maximum use of this format.



CHAPTER 3: Creating the First Game

Of courseg, it is up to you to decide whether you want to use this format or stick
to the old-school, plain-text comments. | advocate using JSDoc at least for
documenting parameters and return values of the function.

NOTE: The JSDoc is the JavaScript version of the JavaDoc—the utility for automated
docs generation of Java. JavaDoc is the standard way to document Java code.
Developers have used it for more than 15 years. In the JavaScript world, it is not yet
a de facto standard but rather a convenient way to write the expressive
documentation.

We often trim the comments from the code listings in this book because the
code is usually discussed straight in the text. The source code for chapters is
commented much better.

Rendering Board

Getting back to the BoardRenderer, the following three functions are the
polished versions of the code from Chapter 2: _drawBackground(), drawGrid(),
and drawToken() (see Listing 3-12). Each function draws one of the elements of
the Ul: the gradient background with curves, the grid, or a token.

Listing 3-12. Functions That Render the Ul of the Board: A Background, a Grid, and a Token in a Given
Cell

_p._drawBackground = function() {
var ctx = this._ctx;

// Background

var gradient = ctx.createlinearGradient(o, 0, 0, this. height);
gradient.addColorStop(0, "#fffbb3");

gradient.addColorStop(1, "#f6f6b2");

ctx.fillStyle = gradient;

ctx.fillRect(0, 0, this. width, this. height);

// Drawing curves

var co = this. width/6; // curve offset
ctx.strokeStyle = "#dad7ac”;
ctx.fillStyle = "#f6f6b2";

// First curve
ctx.beginPath();
ctx.moveTo(co, this. height);
ctx.bezierCurveTo(this. width + co*3, -co,
-co*3, -co, this. width - co, this. height);
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ctx. fill();

// Second curve
ctx.beginPath();
ctx.moveTo(co, 0);
ctx.bezierCurveTo(this. width + co*3, this. height + co,
-co*3, this. height + co, this. width - co, 0);
ctx.fill();

};

_p._drawGrid = function() {

var ctx = this. ctx;

ctx.beginPath();

// Drawing horizontal lines

for (var i = 0; 1 <= this. cols; i++) {
ctx.moveTo(i*this. cellSize + 0.5, 0.5);
ctx.lineTo(i*this. cellSize + 0.5, this. height + 0.5)

}

// Drawing vertical lines

for (var j = 0; j <= this. rows; j++) {
ctx.moveTo(0.5, j*this. cellSize + 0.5);
ctx.lineTo(this. width + 0.5, j*this. cellSize + 0.5);

}

// Stroking to show them on the screen
ctx.strokeStyle = "#CCC";
ctx.stroke();

};

_p.drawToken = function(cellX, cellY) {
var ctx = this._ctx;
var cellSize = this. cellSize;
var tokenType = this. model.getPiece(cellX, cellY);

// Cell is empty
if (!tokenType)
return;

var colorCode = "black";
switch(tokenType) {
case BoardModel.RED:
colorCode = "red";
break;
case BoardModel.GREEN:
colorCode = "green";
break;
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};

// Center of the token

var x = this. x + (cellX + 0.5)*cellSize;
var y = this. y + (cellY + 0.5)*cellSize;
ctx.save();

ctx.translate(x, y);

// Token radius
var radius = cellSize*0.4;

// Center of the gradient
var gradientX = cellSize*0.1;
var gradientY = -cellSize*0.1;

var gradient = ctx.createRadialGradient(
gradientX, gradientY, cellSize*0.1, // inner circle (glare)
gradientX, gradientY, radius*1.2); // outer circle

gradient.addColorStop(0, "yellow"); // the color of the "light"
gradient.addColorStop(1, colorCode); // the color of the token
ctx.fillStyle = gradient;

ctx.beginPath();

ctx.arc(0, 0, radius, 0, 2*Math.PI, true);
ctx. fill();

ctx.restore();

NOTE: Functions of BoardRenderer rely on BoardModel to get the color of the
token in a cell. We create this class in the next section, so you can't run the code
straightaway. If you are still eager to try how it works, you can hard-code the values,
test the rendering, and then switch back to using BoardModel once it is ready.

The last function that we need to create is repaint (see Listing 3-13). It renders
the whole board step-by-step: first the background, then the grid, and, finally,
the tokens.

Listing 3-13. The Repaint Function Renders the Whole Board from Scratch

_p.repaint = function() {

this. ctx.save();

this. ctx.translate(this. x, this. y);
this. drawBackground();

this. drawGrid();

this. ctx.restore();

for (var i = 0; i < this. cols; i++) {
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for (var j = 0; j < this. rows; j++) {
this.drawToken(i, j);
}

}
b
The BoardRenderer is now ready. Let’s review the class structure once again.
There are two public methods for drawing: repaint() and drawToken(). The first
method is used to rerender the whole board; for example, when the orientation
of the screen has changed. The latter is used to draw a single token after the
user makes a valid move. Of course, we could rerender the whole board every
time, but it would be a waste of resources (not really noticeable, but we want
things done right).

The BoardRenderer doesn’t attempt to determine the optimal size of the board
by itself. This job is left to the other classes because BoardRenderer doesn’t
know anything about the environment it works in: the screen size, the canvas
size, or the pixel density. This class is responsible for drawing—and only for
drawing.

NOTE: Fine-grained classes that only do the small tasks are a sign of well-designed
API. This principle is called “single responsibility.” It is one of five fundamental
principles of OOP. If you're interested in reading about the other four principles, start
with the Wikipedia entry at http://en.wikipedia.org/wiki/SOLID_ (object-
oriented design).

The final version the class code is included in the source code for this chapter.
The file is called BoardRenderer. js.

Game State and Logic

We have the class that can render the current state of the board, but we don’t
have a class to hold this state. Let’s create one! Start as usual: create the new
file called BoardModel.js in the js folder of your project, and add the extra
<script> tag to index.html to load it. Now you can write the code for the class.
Let’s start with the constructor, shown in Listing 3-14.

Listing 3-14. The BoardModel Constructor

function BoardModel(cols, rows) {
this. cols = cols || 7;
this. rows = rows || 6;
this. data = [];
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this._currentPlayer

= BoardModel.RED;
this. totalTokens = 0;

this.reset();
}

_p = BoardModel.prototype;

The constructor accepts two optional parameters: the number of columns and
the number of rows on the board. JavaScript doesn’t have the notion of optional
parameters at the language level. To make the parameter optional, you check if
it is set, and use the default value if it is not.

The line
this. cols = cols || 7

is equivalent to

if (cols) {

this. cols = cols;
} else {

this. cols = 7;
}

The _data variable holds the current state of the game—a two-dimensional
array of numbers: 0 for empty cell, 1 for red token, and 2 for green token.
Referring tokens by such IDs is rather error-prone. Consider the code that
follows; it checks if the token in the cell is green:

if (this. data[i][j] == 2) {

) /* what is 2? what’s happening here? */

This code is hard to understand straightaway. Let’s create the variable for each
ID and use them instead. Add the code in Listing 3-15 into the BoardModel
class.

Listing 3-15. The Code That Uses “Constants” Instead of Numbers Are Easier to Read

BoardModel.EMPTY = 0;
BoardModel.RED = 1;
BoardModel.GREEN = 2;

The same color-checking line becomes much easier now:

if (this. data[i][j] == BoardModel.GREEN) {
/* ok, got it, it is green, let's do something */
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NOTE: The CAPITAL_CASED variables is another code convention, just like the
_underlinedPrivateVariables. It means that variable is a “constant”—you
must not change its value once it is initialized.

The initialization code is split into two functions: the constructor and the function
called reset. The reason to have a separate reset function is that we use the
same BoardModel for many rounds of the game. It returns the object into the
initial state, as it was right after the construction: empty board, 0 total tokens,
the first player to move is RED. The code for the reset() function is shown in
Listing 3-16.

Listing 3-16. Resetting the Game Board to the Initial State

_p.reset = function() {
this. data = [];
for (var i = 0; 1 < this. rows; i++) {
this. data[i] = [];
for (var j = 0; j < this. cols; j++) {
this. data[i][j] = BoardModel.EMPTY;
}

}

this. currentPlayer

= BoardModel.RED;
this. totalTokens = 0;

};

The code outside of BoardModel needs to access the game state. The
BoardRenderer needs to read the state of a cell in order to draw a token, for
example. Let’s add a few public functions to support that (see Listing 3-17).

Listing 3-17. Functions to Access the State of the Game Board

_p.getPiece = function(col, row) {
return this. data[row][col];
};

_p.getCols = function() {
return this. cols;
};

_p.getRows = function() {
return this. rows;
};

The initialization code is now in place, so we can move to the most interesting
part: the implementation of the game logic.
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Making Moves

What happens when the player taps the screen? According to the flow, once we
have the ID of the column, we do the following:

1. Check if the move is valid (if it isn’t valid —return straightaway),

2. Update the game state (switch the player, increase the moves
counter, put the piece into the cell)

3. Check if we met the win or draw condition

The validity of the move means that the column ID is within the range (placing a
token in column 10 when there are only seven columns is not allowed) and that
the target column has at least one empty cell. Both conditions are very easy to
check. If the move is valid, BoardModel places the token and checks win
conditions (we will implement this kind of check in the next section). The code in
Listing 3-18 is well-commented, so it is not hard to follow.

Listing 3-18. Checking the Validity of a New Move and Updating the Board

_p.makeTurn = function(column) {

// The color of the piece that we're dropping
var piece = this. currentPlayer;

// Check if the column is valid
if (column < 0 || column > this. cols) {
return {
status: BoardModel.ILLEGAL TURN
}

}

// Check if there's the empty row in the
// given column, if there's no empty row, then the
// turn is illegal
var row = this._getEmptyRow(column);
if (row == -1) {

return {

status: BoardModel.ILLEGAL_TURN
}

}

// We found the empty row, so we can drop the piece
this._totalTokens++;
this. data[row][column] = piece;

// Change the next player
this. toggleCurrentPlayer();
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// Return the successful turn together with the new
// state of the game (NONE, WIN or DRAW)
return {

status: this. getGameState(column, row),

X: column,

y: TOW,

piece: piece

};

_p._getEmptyRow = function(column) {
for (var i = this. rows - 1; i »>= 0; i--) {
if (!this.getPiece(column, i)) {
return i;
}
}

return -1;

};

_p._toggleCurrentPlayer = function() {
if (this. currentPlayer == BoardModel.RED)
this. currentPlayer = BoardModel.GREEN;
else
this. currentPlayer = BoardModel.RED;

};

The makeTurn function returns the object that describes the result of the turn:
Was it successful? What was the color of the piece and the position that the
piece fell to? We have to introduce several more constants to identify the
different states of the game: NONE (normal state, game in progress), WIN (the last
turn was a winning turn), DRAW (no more empty cells left, it is a draw), and
ILLEGAL_TURN (the state has not changed because the turn is not permitted). The
reason to use constants and not numbers directly is the same as before: code
that is written with the use of constants is way easier to read (see Listing 3-19).

Listing 3-19. Defining More “Constants” to Refer the State of the Game

/ k%

* Game state after the turn

*/

BoardModel .NONE = 0; // No win or draw

BoardModel.WIN = 1; // The player who just dropped a piece has won
BoardModel.DRAW = 2; // No more free cells in the board - it is a draw
BoardModel.ILLEGAL TURN = 3; // The last attempted move was illegal

The only function that is left to write is _getGameState(), which checks if the
game has reached the win condition.
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Win Condition

The goal of the game is obvious from its name—Four Balls. If the last move
completed a straight line that consists of four or more same-colored pieces,
then the player who dropped the last piece is the winner. The algorithm is
implemented in the _getGameState() function. It is much easier than, for
example, the algorithm for chess. Still, it deserves a few more words to explain.

It is obvious that the last fallen piece must be the part of the winning line;
otherwise, the game would have been over before the current turn. We need to
check if there’s a straight line of four or more same-colored pieces that lies
through the given cell—the cell that the last piece dropped to. We calculate the
number of pieces in all possible directions that make up the straight line. If there
are two pieces of the same color straight to the left, for example, and one piece
of the same color straight to the right, then we have a line of four pieces: two at
the left, one at the right, and one between them—the piece from the last move.
We do this check for a horizontal ling, for a vertical line, and then for two
diagonal lines.

Figure 3-4 illustrates how these checks work. There is a win condition because
there is a horizontal line of four balls. Two balls to the left of the last dropped
ball and one to the right give a total of four.

00
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Figure 3-4. Checking win conditions

O
O

00O

The code that implements this check is quite small. It is split into two functions.
One of them, _checkWinDirection(), calculates how many balls of the same
color are present in a certain direction starting from the last dropped ball. The
other function, _getGameState(), returns the state of the game once every
possible direction is checked. The direction is set by two numbers: deltaX and
deltaY. On each step of the loop, these values are added to the coordinates of
the cell. If deltaX is -1, for example, it means that we will decrease the column
index at each step (moving to the left); if deltaY is O, it means that the row index
stays the same at each step. Combined, it gives the movement in a left
direction. If the cell coordinates are (4, 2), then the following cells are checked:
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(3, 2), (2, 2), (1, 2).Of course, the check will end earlier if one of the cells is
empty or has a piece of a different color. Listing 3-20 shows the code for
_checkWinDirection, the function that calculates the number of same-colored
balls in a given direction.

Listing 3-20. Checking the Number of Same-Colored Balls That Fall in a Particular Direction

_p._checkWinDirection = function(column, row, deltaX, deltaY) {
var pieceColor = this.getPiece(column, row);
var tokenCounter = 0;
var ¢ = column + deltaX;
var r = row + deltay;
while(c >= 0 & r >= 0 8% c < this. cols 8& r < this. rows &8
this.getPiece(c, r) == pieceColor) {
¢ += deltaX;
T += deltay;
tokenCounter++;

return tokenCounter;
};
The “line” consists of two opposite directions. The winning line in Figure 3-3, for
example, has two directions: left and right. We change the values of deltaX and
deltaY in a loop from -1 to 1, trying out every possible direction. We skip this
step when both deltaX and deltaY are 0. It is obvious that if we don’t move
anywhere, we end up in an infinite loop. _getGameState() calculates the number
of pieces in every line, and if that number is bigger than four, it reports a victory
(see Listing 3-21).

Listing 3-21. Checking for the Win State

_p._getGameState = function(column, row) {
if (this. totalTokens == Game.BOARD WIDTH*Game.BOARD HEIGHT)
return BoardModel.DRAW;

for (var deltaX = -1; deltaX < 2; deltaX++) {
for (var deltaY = -1; deltaY < 2; deltaY++) {
if (deltaX == 0 8& deltaY == 0)
continue;
var count = this. checkWinDirection(column, row, deltaX, deltaY)
+ this. checkWinDirection(column, row, -deltaX, -deltaY) +

if (count >= 4) {
return BoardModel.WIN;
}

}

return BoardModel.NONE;
};



CHAPTER 3: Creating the First Game

Now we have created the BoardModel—the most complex class in the entire
project. The complete commented code for this class is found with the sources
for this chapter in the BoardModel. js file. We now have the game logic, and we
have the class that renders the board on the canvas. If we make them work
together, we will have the game!

Wiring Components Together: The Game Class

The main class of the application is the Game class. It is responsible for wiring
together the Board and the BoardModel, reacting on user input and orientation
changes, and managing the game lifecycle. The lifecycle of the application is
pretty simple. The game starts and players tap the screen one by one to take
turns. When one player wins or the board is full, the application displays the
alert dialog and resets the board for the next round. The Game class also
determines the best position and size for the Board.

Start by creating another file called Game. js in the js folder, and add the script
tag to the index.html file. I’'m sure that you already caught the idea—we do the
same steps every time we make a new class. In the following examples, I'll
assume that you already know how to do it. Let’s start from the constructor, as
usual (see Listing 3-22).

Listing 3-22. The Constructor of the Game

function Game(canvas) {
this._boardRect = null;
this._canvas = canvas;
this. ctx = canvas.getContext("2d");
this. boardModel = new BoardModel();

this. boardRenderer = new BoardRenderer(this. ctx, this. boardModel);
this.handleResize();
}

_p = Game.prototype;

The constructor takes one argument—the canvas DOM element. The boardRect
variable is the object that holds the information about the current position of the
board inside the canvas, as well as the size of the cell. We need it to handle
clicks and translate canvas coordinates into the board coordinates. We create
two objects, boardModel and _boardRenderer, straightaway. They implement
the most important parts of the game: graphics and logics.

The constructor calls the handleResize function in the last line. This function
repaints the whole ULl. It is called in two cases, either in the constructor (to
render the initial board) or after the browser window has resized (to rerender the
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board because the canvas flushed the contents). The code for this function is
shown in Listing 3-23.

Listing 3-23. Handling Resizes

_p.handleResize = function() {
this. clearCanvas();
this. boardRect = this. getBoardRect();
this. boardRenderer.setSize(this. boardRect.x, this. boardRect.y,
this. boardRect.cellSize);
this. boardRenderer.repaint();

};

After clearing the background of the canvas, the handleResize() updates the
parameters of the board (a position and a size) with the help of the
_getBoardRect () function. The new parameters are then passed to the
_boardRenderer, and then it repaints the new version of the board on the blank
canvas. The algorithm behind _getBoardRect() is very straightforward: find the
biggest possible area that fits, and then center the board on the screen (see
Listing 3-24).

Listing 3-24. Resizing the Board: Take the Maximum Space for the Ul and Put It on the Center of the
Screen

_p._getBoardRect = function() {
var cols = this. boardModel.getCols();
var rows = this. boardModel.getRows();
var cellSize = Math.floor(
Math.min(this. canvas.width/cols, this. canvas.height/rows));

var boardWidth = cellSize*cols;
var boardHeight = cellSize*rows;

return {
x: Math.floor((this. canvas.width - boardWidth)/2),
y: Math.floor((this. canvas.height - boardHeight)/2),
cellSize: cellSize

}
};
Now the most important part: the Game class must handle the clicks and
translate them into player moves (see Listing 3-25). Let’s call the method
responsible for this handleClick() (even though it processes both clicks and
taps). Every time the user taps the screen, this method translates the click
coordinates into the ID of the column and initiates the whole “new move” flow.
Valid moves update the Ul: we draw the new piece in the position where it fell.
The last thing to do is to check the win condition. If we had a winner or the
board is full, we show the alert box and reset the game.
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Listing 3-25. Handling Clicks

_p.handleClick = function(x, y) {
// get the column index
var column = Math.floor((x - this. boardRect.x)/this. boardRect.cellSize);

// Make the turn and check for the result
var turn = this. boardModel.makeTurn(column);

// If the turn was legal, update the board, draw

// the new piece

if (turn.status != BoardModel.ILLEGAL TURN) {
this. boardRenderer.drawToken(turn.x, turn.y);

}

// Do we have a winner after the last turn?
if (turn.status == BoardModel.WIN) {
// Tell the world about it and reset the board for the next game
alert((turn.piece == BoardModel.RED ? "red" : "green") + " won the
match!");
this. reset();

// If we have the draw, do the same
if (turn.status == BoardModel.DRAW) {
alert("It is a draw!");
this. reset();

};

The final two functions to highlight are _reset() and _clearCanvas() (see Listing
3-26). They both are simple. _reset() prepares everything for the new game and
_clearCanvas() fills the canvas with a solid white color.

Listing 3-26. The _reset and _clearCanvas Functions

_p._reset = function() {
this. clearCanvas();
this. boardModel.reset();
this. boardRenderer.repaint();

};

_p._clearCanvas = function() {
this. ctx.fillStyle = "white";
this. ctx.fillRect(0, 0, this. canvas.width, this. canvas.height);

};

The full and extensively documented version of this class is distributed with the
source code for this chapter in the Game. js file.
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Adding the Game to the HTML Skeleton

The final task is to add the user-input handling and update the index.html file so
that it launches our game when the page is loaded and passes every important
browser event to it. Open index.html and modify the code as shown in

Listing 3-27.

Listing 3-27. The Game Is Added to the Skeleton

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<meta name="viewport"
content="width=device-width, initial-scale=1.0, maximum-scale=1.0,
user-scalable=no, target-densitydpi=device-dpi"/>

<style>
html, body {

overflow: hidden;
width: 100%;
height: 100%;
margin:o;
padding:0;
border: 0;

</style>

¢script src="js/BoardRenderer.js"></scripts
<script src="js/BoardModel.js"»</scripts
<script src="js/Game.js"></scripty

<script>
var game;

function init() {
var canvas = initFullScreenCanvas("mainCanvas");
game = new Game(canvas);

if (isTouchDevice()) {
canvas.addEventListener("touchstart”, function(e) {
var touch = event.targetTouches[o0];
game.handleClick(touch.pageX, touch.pageY);
e.stopPropagation();
e.preventDefault();
}, false);
} else {
canvas.addEventListener("mouseup”, function(e) {
game.handleClick(e.pageX, e.pageY);
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e.stopPropagation();
e.preventDefault();
}, false);

}

function initFullScreenCanvas(canvasId) {
var canvas = document.getElementById(canvasId);
resizeCanvas(canvas);
window.addEventListener("resize", function() {
resizeCanvas(canvas);

1)

return canvas;

}

function resizeCanvas(canvas) {
canvas.width = document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
game && game.handleResize();

function isTouchDevice() {
return ('ontouchstart' in document.documentElement);
}

</script>
</head>
<body onload="init()">
<canvas id="mainCanvas" width="100" height="100"></canvas>
</body>
</html>

Let’s briefly review the code. Three <scripts> blocks were added during the
course of the chapter, each loading one of the classes: BoardRenderer,
BoardModel, and Game. To start the game, we create the new instance of the
Game. At this point, the user sees the rendered board, ready to play. We have
added the line to the resizeCanvas() function that notifies the game instance
about every resize: game 88 game.handleResize(). This line is equivalent to the
following:

if (game) {
game.handleResize();

We need to check if the game variable exists because the first time we call this
function, it is not yet created.

The big part of the bolded code at the end of the init() function is handling the
taps and clicks. When the user hits the mouse button or taps the screen, the
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game is notified about this event. Don’t worry if you don’t feel comfortable with
handling DOM events right now; | explain the details in the next chapter. For
now, just believe that the code magically passes the click coordinates to the
Game.

NOTE: In the next chapter, we take a deeper look into the processing of user input.
For now, you'll have to believe that the code is actually working. We're making this
game compatible with both touchscreen-controlled Android devices and desktop
browsers from the WebKit family. That's why we have to handle both types of input:
touch events and mouse clicks.

It is worth the effort, even if you don’t plan to release the game on desktops. The
mouse-handling code adds only a few extra lines, but in turn it allows debugging the
application on the desktop. To read more about debugging mobile web applications,
please refer to Appendix A.

That is it. The game is ready to launch and enjoy. This version is very simple. It
has a lot of areas for improvement: it would be nice to put the names of the
players somewhere, indicate whose turn is it next, and make a scoreboard.
Besides, most of the commercial-grade games have artificial intelligence (Al)
since a user doesn’t always have a real buddy to play with. (We learn more
about Al in Chapter 13.) You could add animations—show the pieces falling
down (animations are described in Chapter 4), add sound (covered in Chapter
16), or create a native Android application and distribute your game via the
Android Market (Chapter 15 is a good starting point for that). The most
important thing, however, is that you now have your first real game!

Summary

In this chapter, we created a simple game called Four Balls. We started by
learning about the structure of the HTML page that web games use. We then
created a separate HTML skeleton for games and related experiments, which
we’ll use in upcoming chapters of the book.

We analyzed the game and divided the code into three classes, each having its
own set of responsibilities.

We built the BoardRenderer, the class responsible for drawing the board and
pieces; the BoardModel, the class responsible for validation of turns and
checking the win conditions; and the Game, the class that orchestrates the other
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two and manages the game lifecycle. The logic of the game is separated from its
Ul and from user input handling and lifecycle management.

The components of our game are independent of each other. We can change
the look of the board without touching the code in BoardModel or Game. We can
modify the game rules—for example, we can make the random player take the
first move, and this change will not affect the other components. The bigger
your project, the more important it is to think about architecture and
maintainability.

All the graphics in this game are rendered at runtime. There are no static images
at all. We designed the game interface in a way that it supports various screen
sizes and densities. The game looks fine on mobile devices, tablets, and PCs.
To do this, we had to implement the proper handling of orientation change and
resizing of a browser window.

The completed game is the first and most important step. Now we can add new
exciting features or explore different types of games that are much more
complex, with animated characters, large worlds, and multiplayer capabilities.
All of this would be impossible, however, without understanding the material
from the first three chapters: the object-oriented approach in JavaScript, the
canvas API, and the basics of game architecture.
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Chapter

Animation and Sprites

In the previous chapter, we created our first web game: a two-player version of
Four Balls. This game is very simple. We only used graphical primitives to
display the board: lines, circles, and gradients. Of course, there are a lot of other
games that can be created with exactly the same set of tools, but what if we
want to do something more exciting? A 2D platform shooter, perhaps?

Platform shooters usually have much richer graphics than puzzle games (see
Figure 4-1). These games have a main character that can run, jump, and,
obviously, shoot. Shooters also have “enemies,” items, terrain, and a lot of other
elements to entertain the player. In other words, you need something more than
circles and squares. You need to use custom graphics and animations, usually
created by a graphics artist.

Figure 4-1. A screenshot from Contra, a platform shooter (or run-and-gun game) released by Konami in
the late ’80s. As you see, it is pretty hard to draw complex elements like these with lines and circles.

Let’s say that you already have an experienced artist: someone who will bring
some life into the heap of pixels, and make outstanding graphics for your game.
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—

You explain to your artist an idea for a game—you need a character that can
run, jump, and shoot. You also need a couple of backgrounds, world elements,
and several “bad guys.” After a week or two, the artist gives you several PNG
files that look like those in Figure 4-2. Now your job is to make a game out of it.

Figure 4-2. Graphical resources that you might receive from your artist

In this chapter, we will learn three crucial game development concepts: working
with bitmap graphics, making an animation out of set of frames, and
implementing user input.

NOTE: The fabulous animated knight that is used throughout this chapter was kindly
provided by MarcusFilm (www.marcusstudio.com.ua). You may use the knight for
free in your own projects—hobby or commercial. Visit the MarcusFilm home page for
more art.

Sprites

In game development, a raster image is often called a sprite. It might be a static
image or a frame of an animation sequence, like in Figure 4-2. When a lot of
sprites are placed in a single file, it is called a sprite sheet. Figure 4-2 is a
fragment of the sprite sheet that has 18 images. Each one is a single frame of a
character animation jumping, running, or walking.
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NOTE: There are two opposite concepts in 2D graphics: vector and raster graphics.
Vector graphics are stored as formulas and coordinates. For example, the circle can
be stored as the coordinates of its center and the value of the radius. If you want to
scale circle and make it 30 percent bigger, you just multiply the radius by 1.3 and
rerender the figure. The same concept applies to any other graphical primitive—
lines, curves, and rectangles. That's why vector graphics are easily scaled up or
down. Try to run our Four Balls on different devices with different screens, and you
will see that it looks fairly good everywhere.

Sprites are an example of a bitmap or raster graphics. Raster graphics don’t have any
brain-killing math underneath. You can think of it as a two-dimensional array of
pixels. Raster graphics look perfect only in their original size. Once you start scaling
them up or down, they don't look very good anymore. Besides the poor look, scaling
images hits performance. There is more about that later on in this chapter.

The main difference between the graphical primitives that we used in the
previous chapter and the raster images that we’ll try out soon is the way they
are represented. Primitives are represented by the parameters that define the
shape, while a raster image is a two-dimensional array of pixel colors. Images
require much more memory, but grant a certain performance boost, especially
when it comes to complex graphics. Rendering sprites is a matter of copying
pixels from the image to the screen—no math means fewer calculations and
faster rendering. The main advantage of sprites is that you can make
significantly more complex and attractive graphics. But a sprite is essentially a
set of pixels, which means they don’t scale well.

The Four Balls game that we made in the previous chapter will look fine at any
resolution since every element is described by one or many “formulae.” The
circle is defined by its center and radius, for example. If you make a circle twice
as big, it will still look nice—;just bigger. The graphics API does its best to draw
a smooth figure. Sprites are images; if you increase the size of a sprite, the
graphics API tries to increase every pixel. So when the sprite is twice as big, it
looks choppy or blurry, depending on your scaling approach. Take a look at
Figure 4-3 to see what happens with a sprite once you start scaling it.
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Figure 4-3. Scaling works badly with sprites. The more you scale it, the more it looks like a big mess of
pixels.

This means that you have to put in some extra effort if you want to make your
game look nice on each and every screen resolution and density. The good
news is that canvas does a reasonably good job with scaling sprites. So if you
don’t scale them too much, they still look fairly good. The rule of thumb is “avoid
scaling raster images if you can.”

You have a PNG on your server, now we have to load it and draw it!

Loading Images

The first step that you need to take before rendering images is to load them:
transfer the image bytes from the server or provide them straight in the
JavaScript code; let the browser parse data; store the image in the internal
format; and make sure that the result was successful. The description of this
process is much longer than the actual code that performs all these steps. In
this section, we learn how to load an image and how to organize the loading
process for multiple images. We will look at two approaches: loading an image
from the file and loading image from the data URL—the string that encodes the
pixel data.

Loading Images from Files

Loading an image in JavaScript is a very simple task. You don’t have to care
about parsing the image format, networking, or caching: the browser does the
hard part for you. All you have to do is create an Image object and assign the src
property to it. Once you’ve done that, the browser starts to load the image from
the server or from its cache. Once the image is loaded, the browser notifies the
registered callback function that the operation is done.

Let’s have a look at the code, shown in Listing 4-1.
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Listing 4-1. Loading an Image, the Simplest Example

var img = new Image(); // Create the new Image object. Loading hasn’t started yet.
img.onload = function() { // This function is called when loading is done

alert ("Image is loaded"); // At this point you know that image is ready
};

img.src = "img/knight.png"; // When you assign the src property the browser starts
// to download the file.

The image loading is an asynchronous operation: once you assign the src
property, the browser starts loading the bytes, but the script continues to run.
When loading is done, the browser uses one of the registered callbacks to notify
your script about the result of the operation.

You can load several images simultaneously, but the browser will not guarantee
any particular order of loading. For example, a small image that started to load
last might finish loading first. In practice, it means that you always have to check
the state of every image that you queued for loading, and assumptions like “if
b.png is loaded then a.png is probably loaded too” are not reliable.

NOTE: Another important rule of working with all resources (not only images): you
should never rely on good networking or assume that the resource that you're waiting
for is available 100 percent of the time. When you create a game, you're usually
working with a local environment that works like clockwork. In the real world,
internet connections can be interrupted when you least expect it. You should be
prepared for it and either retry to download the resource, notify the user about the
problem, and quit or continue without it. Continuing without the resource doesn’t
mean that you have to ignore the accident. With images, you might use a placeholder
image instead of the proper one if the image wasn't important (OK, we failed to load
the texture for the wizard’s hat, but the rest of the game loaded, so why should we
end the world?).

Listing 4-2 shows how you handle problems with the image. Notice the bold
lines.

Listing 4-2. Using Error Callbacks

var img = new Image();
img.onload = function() {

alert("Image loaded");
};
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img.onerror = function() { // This callback is invoked when something went wrong.
alert("Failed to load the image");
};

img.src = "img/knight.png";

The bolded lines show the second callback that you should register on the Image
object —onerror. This function is called when the image could not be loaded,
and gives you the chance to run the fallback mechanisms.

NOTE: Why do we use PNG images? The PNG has become the de facto standard for
game development. It is a /ossless format, meaning that even after compression it
stays pixel-perfect (unlike JPEG). It is open and free to use. Besides, it supports
transparency and translucency. What else might one want for his sprites?

Loading Multiple Images

Usually you need more than one image for your game. You’ve got to track the
loading of each sprite, react to problems, and do other small housekeeping
tasks. It is a good idea to create a utility class that is responsible for tasks like
these. We want to simplify the image loading even more!

We need to manage the loading of multiple images, firing a single callback when
the loading is done. We need some sort of progress indication since image
loading is a relatively slow operation. Given that we’re making a user-friendly
interface, we want to show a progress bar. The final task that we want to
achieve is to give each image an alias: a string to identify the image in the
project. Using an alias is way more convenient than using file names. File names
change often, while aliases stay the same.

Let’s start from the end. Listing 4-3 shows how we use the ImageManager to
preload the image that we will need for the game.

Listing 4-3. The ImageManager AP, a Slightly Better Way to Load an Image

function init() {
var canvas = initFullScreenCanvas("mainCanvas");

var imageManager = new ImageManager();

imageManager. load({
"arch-left": "img/arch-left.png",
"arch-right": "img/arch-right.png",
"knight": "img/knight.png"

}, onDone, onProgress);
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function onProgress(loaded, total, key, path, success) {
if (success) {
// Progress bar
console.log("loaded " + loaded + " of " + total);
} else {
// Error handling
console.log("ERROR: could not load " + path);

}
}

function onDone() {
console.log("All images are loaded");
}

First, we add three images (their aliases and paths) to the queue. The loading
starts immediately. We pass two callback functions: onLoaded and onProgress.
onlLoaded is called when the whole set of images is loaded and ready.
onProgress is called per image whenever the loading result is known—failed or
successful. We can use this callback to update the progress bar or to notify the
user about the error. The callback accepts the following five parameters:

loaded: The number of the images loaded so far; useful to
move the progress bar.

total: The total number of the images in the queue.
key: The alias of the image.

path: The actual path of the image file; useful for debugging
loading problems.

success: The flag that indicates if the loading ended up well. It
is true if everything’s fine and the image is ready to be
rendered, and false if something went wrong.

Now let’s get our hands dirty with the code and write the manager.

NOTE: | assume that you already got used to creating new classes and that you know
you should create the new file called ImageManager. js, put it into the js folder,
and add the extra script tag to the HTML page to load it.

Let’s start with the constructor. Listing 4-4 shows the code.
Listing 4-4. The Constructor of the InageManager

function ImageManager(placeholderDataUlri) {
this. images = {};
}
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this. images is the object that holds every loaded image; the key of
this. images is the image alias; and the value is the actual image object. After
images are loaded, the object will be something like the following:

this. images = {
"knight": [loaded image],
"arch-left": [loaded image],
"arch-right": [loaded image]

Once images are loaded it is very easy to get them, as shown in Listing 4-5.
Listing 4-5. The get Function Returns the Loaded Image by lts Alias

_p.get = function(key) {
return this. images[key];
};

The most interesting part of the ImageManager class is, of course, the load
function that queues the loading of the images. Listing 4-6 shows the complete
code for this function. I’ll explain it next.

Listing 4-6. The Core of the ImageManager Class: The Load Function That Initiates the Loading of
Images

_p.load = function(images, onDone, onProgress) {
// The images queue
var queue = [];
for (var im in images) {
queue.push({
key: im,
path: images[im]
D;
}

if (queue.length == 0) {
onProgress &3 onProgress(0, 0, null, null, true);
onDone && onDone();

return;
}
var itemCounter = {
loaded: o,
total: queue.length
};

for (var i = 0; i < queue.length; i++) {
this. loadItem(queue[i], itemCounter, onDone, onProgress);
}

};
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We create a queue of images that the user wants to load. For each image, we
store the key (alias) and the path. If it turns out that the queue is empty, we
immediately notify both listeners that the loading is complete (indeed, if there is
nothing to load, then the loading is done straightaway without any errors).
Notice the expression:

onProgress 8% onProgress(0, 0, null, null, true);

It reads as “if onProgress exists (not null or undefined) then call it, otherwise do
nothing.” The expression is a simple logical AND operation. The trick is: when the
first part of the expression is false (null and undefined are converted to false),
the result is guaranteed to be false and the JavaScript interpreter will not bother
calling the second part at all. In other words, the expression says, “call the
function if it is defined.” This is equivalent to

if (onProgress)
onProgress(0, 0, null, null, true)

but is written as a one-liner. It is up to you to decide which notion you like
better.

Next, we create the itemCounter—the object that tracks the execution progress
for this particular queue: the number of items that are in the queue and the
number of that are loaded. Note that the itemCounter is a local variable and it is
“associated” with the single queue, not with the whole object. If you decide to
call load() twice,

imageManager . load({
"arch-left": "img/arch-left.png",
"arch-right": "“img/arch-right.png"
}, onArchlLoaded, onArchProgress);

imageManager . load({
"knight": "img/knight.png",
}, onkKnightLoaded, onKnightProgress);

then you have two different queues, two different counters, and a set of different
callback functions. The counters will not clash and the simultaneous calls will
work absolutely fine. If we were to use a single shared object to hold the items,
we would have all kinds of errors. Even though this feature might not be widely
used, it is good to have your code as bulletproof as possible.

In the final lines, we call the _loadItem()—the function that creates the Image
objects for every item and assigns sxc property to make the browser load the
image. The code is for this function is in Listing 4-7.
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Listing 4-7. The _loadltem Function That Initiates the Loading and Sets onload and onerror Callbacks
for Every Image in the Queue

_p._loadItem = function(queueItem, itemCounter, onDone, onProgress) {
var self = this;
var img = new Image();
img.onload = function() {
self. images[queueItem.key] = img;
self. onItemLoaded(queueItem, itemCounter, onDone, onProgress, true);

};

img.onerror = function() {
self. onItemLoaded(queueIltem, itemCounter, onDone, onProgress, false);

1

img.src = queueItem.path;
};
The line

var self = this;

is the typical pattern that you use when you need to work with callbacks. Inside
the callback body, the this keyword refers to the image that changed the state,
not the ImageManager object. To save the reference to the instance of
ImageManager, we introduced the extra variable called self. Without the self
variable, it would be impossible to refer the ImageManager functions from within
the callback code. Another way to address this issue is by using the bind()
function, which we’ll explore later in this book.

The rest of the code in _loadItem() function is quite easy to understand. For
every image in the queue, it registers the onload and onerror listeners. If the
image was loaded fine, it is added to internal store with the appropriate key.

The _onItemLoaded() function simply calls the listeners passed to the original
load function. Take a look at the code in Listing 4-8.

Listing 4-8. _onltemLoaded function handles the result of loading the image, both success and failure.

_p._onItemLoaded = function(queueItem, itemCounter, onDone, onProgress, success)

itemCounter.loaded++;
onProgress && onProgress(itemCounter.loaded, itemCounter.total,
queueItem.key, queueItem.path, success);
if (itemCounter.loaded == itemCounter.total) {
onDone &8 onDone();
}

};

Since the image has finished loading (successfully or not), this function
increases the counter and calls onProgress with the appropriate parameters. If
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the counter has reached the total number of images, the onItemLoaded() also
calls onDone().

That’s it. The small (only around 50 lines) class makes the loading of the images
even easier! Moreover, it has a few very nice features. First, you can load images
in the parallel queues without the risk of clashing the counters. Second, both
callbacks are optional. So if you only need to know when images are loaded and
you don’t care about the progress, your code becomes even simpler, as shown
in the following:

imageManager . load({
"arch-left": "img/arch-left.png",
"arch-right": "img/arch-right.png"
}, function() {
alert("both arch parts are loaded");

R

The complete example that shows how to load images with the help of
ImageManager is available in 01.basic_image_manager.html file together with the
source code for this chapter.

Using a Data URL As an Image

Remember that | mentioned it might be a good idea to create a placeholder
image that will be used when one of the noncritical images is not loaded. In 3D
applications, for example, the loss of a single texture is not reason enough to
stop the game with an error.

Now let’s consider a couple of questions. What should we do if we can’t load
the placeholder image? Is there a way to make sure that the image is loaded, no
matter what? It turns out that there is a way. An image is a set of bytes after all,
so what if we store these bytes right in the JavaScript code and transfer them
straight into the image object?

There’s a way to do it. The src property of the Image object supports so-called
data URLs. A data URL looks like the following:

data:image/png;base64,iVBORWOKGgoAAAANSUhEUgAAADIAAAAYCAYAAAAeP4ixAAAAMOLEQVROO+
3YMRWAMBQEwWCRT/Cv4nuAhYYtQDQaAyXIFe2aedfk65+zLt1jbiwRiIxKwpBWwlrSC1rQC1rQK1rSK1t
UKWtIKWFarYEmraFmtoCWtgGW1Cpa0ipbVClrXf5x9z/LHvzMvEk7diRQsaRUtH3vQk1bAs1oFS1pFy2
oF LWKFLKtVsKRVtKxW0JJWwLJaBUtaRctqBa0OX1+W43qGn25cAAAAASUVORK5CYII=
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NOTE: There's no magic behind the data URL. The format is very simple:

data: [<MIME-type>][;charset=<encoding>][;base64],<data>. In our
case, MIME-type is image/png and the charset/encoding part is skipped. There’s
no binary image encoding, and the charset/encoding part makes sense only for
textual information. Then, after base64 comes the Base64-encoded PNG data.

Base64 is the format for encoding binary data in the form of a text string. Base64 is
used to store binary data in systems that work with text. There’s no way to put an
image in an XML node, for example, since the image file has a binary format; while
an XML node may contain only text. Since Base64 is a text format, you can encode
the image in Base64 and store in an XML node. Data URI is another example. URI is a
text and it can’t have any attached binary data in its original form, but Base64
encoding solves this issue and allows storing image data within the valid URI.

Essentially, the data URL is a string representation of some binary data with
metadata in front of it. This URL, for instance, represents a small 50 x 50 pixel
image with two gray rectangles on a white background—the one that | use as a
“no image” placeholder (see Figure 4-4).

Figure 4-4. A no-image placeholder

The code to build an image from this string is fairly simple, as shown in
Listing 4-9.

Listing 4-9. Creating an Image from the Data URL

var image
image.szrc

new Image();
"data:image/png;base64, VBORWOKGEOAAAAN .. 5CYII=";

This is a guaranteed way to create a valid image in JavaScript. There’s no
networking involved and image data is transferred straight into the Image object.
Even though it looks like the image is created instantly, this is not the case with
data URL. The image is loaded in exactly same way as with the network-
downloaded one—before the onload listener is fired, you can’t use it. On the
other hand, the loading process is very fast and you can safely assume that the
image will be created faster than any other image downloaded from a server.
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The full example of using data URLs as the source of image data can be found
in the 02.data_url.html file with the source code for this chapter.

Let’s update our manager so that it uses the data URL for the no-image
placeholder (see Listing 4-10).

Listing 4-10. Updating ImageManager to Use a Data URL for a Placeholder

function ImageManager(placeholderDataUri) {
this. imageQueue = [];
this. images = {};
if (placeholderDataUri) {
this._placeholder = new Image();
this._placeholder.src = placeholderDataUri;

}

_p._loadItem = function(queueItem, itemCounter, progresslistener) {

img.onerror = function() {
self._images[queueItem.key] = self._placeholder ? self._placeholder :
null;

};

img.src = queueItem.path;

self. onItemLoaded(queueItem, itemCounter, progressListener, false);

};

Now, if the ImageManager is supplied with the placeholder, it creates an image
and uses it in the _images array for images that failed to download.

The last question to discuss is how to get the data URL for the image. The
simplest way is to give this job to canvas. Listing 4-11 shows how | created my
placeholder image.

Listing 4-11. Generating a Data URL with Canvas

ctx.fillStyle = "#CCC";
ctx.fillRect(o, 0, 25, 25);
ctx.fillRect(25, 25, 25, 25);

alert(canvas.toDataURL("image/png"));

The toDataURL method creates a “screenshot” of canvas content and encodes it
in a given format. After you have the string with a URL, you can use it any way
you want — as a placeholder, for example, or to send it to the server to store as
the user’s screenshot. It is all up to your imagination.

Listing 4-12 is the complete source code for our ImageManager class, with the
support for the placeholder image.
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Listing 4-12. The Full Source Code for ImageManager with the Support of Placeholder Image

function ImageManager(placeholderDatalri) {
this. images = {};
if (placeholderDatalri) {
this. placeholder = new Image();
this. placeholder.src = placeholderDatalri;
}
}

_p = ImageManager.prototype;

_p.load = function(images, onDone, onProgress) {
// The images queue
var queue = [];
for (var im in images) {
queue.push({
key: im,
path: images[im]
D;
}

if (queue.length == 0) {
onProgress 8& onProgress(0, 0, null, null, true);
onDone && onDone();

return;
}
var itemCounter = {
loaded: o,
total: queue.length
};

for (var i = 0; i < queue.length; i++) {
this. loadItem(queue[i], itemCounter, onDone, onProgress);

}

};

_p._loadItem = function(queueItem, itemCounter, onDone, onProgress) {
var self = this;

var img = new Image();
img.onload = function() {
self. images[queueltem.key] = img;
self. onltemLoaded(queueIltem, itemCounter, onDone, onProgress, true);

};

img.onerror = function() {
self. images[queueltem.key] = self. placeholder ? self. placeholder :
null;
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self. onItemLoaded(queueItem, itemCounter, onDone, onProgress, false);
};
img.src = queueItem.path;

};
_p._onItemLoaded = function(queueItem, itemCounter, onDone, onProgress, success)

itemCounter.loaded++;
onProgress &8 onProgress(itemCounter.loaded, itemCounter.total,
queueItem.key, queueItem.path, success);
if (itemCounter.loaded == itemCounter.total) {
onDone &3 onDone();
}

};

_p.get = function(key) {
return this. images[key];
};

Tips on Loading Images

You now know how to load an image from a server and how to embed image
data straight in the JavaScript code with data URL. But which is better: to
download a hundred small images or one huge image that contains all the
graphics? Or maybe it makes a lot of sense to embed all the images as a single,
huge data URL and guarantee that it will be loaded.

Size vs. Quantity

Supporting dozens of small images is a headache. The process of downloading
an image involves sending a separate request to a server that takes time to
complete. More images means more requests, more traffic, and more time to
wait.

On the other hand, one big image means that the user interface won’t show any
sensible progress while it is being downloaded. Although you could implement a
retry strategy to redownload a broken image, it is better to have small pieces of

data instead of one big piece.

When you decide on your image-loading strategy, you should take into the
account that images are the perfect candidates for caching. Browsers cache
image files very aggressively since it is highly unlikely that an image will change.
In game development, images are often updated. You might make new editions
to the game, or add new items or levels. You might want to put a Santa hat on
the main character during Christmas or add a palm tree in the background. If
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you have a single huge image, you'll force the client to redownload all the game
content, even after a small update. In other words, it’s really annoying.

The general recommended way is to break sprites into categories; for example,
one image for the main character, one image for the bad guys, an image for the
level items, and so forth. If you decide to update an item, there’ll be only one
image to redownload.

You should also take into account that it is highly unlikely that you will need all
the game’s graphics in the first minute of the game. Platform shooters usually
have levels, for example. Each level might have unique graphics—such as
unique backgrounds or unique enemies—that are not required for other levels.
Obviously, you should not download these graphics before the user reaches a
level. It'd be a waste of time and bandwidth.

Files vs. Data URLs

Data URLs are not a common way to work with images. Even though data URLs
have a lot of advantages, they have disadvantages too.

The first and most obvious disadvantage is that data URLs are not manageable.
You can loop through the images in the viewer application and easily find the
image you need. A data URL is a heap of letters; you cannot distinguish
between a car image encoded as the data URL and a hamster image encoded
the same way (unless you’re a robot or you have special super powers that let
you decode Base64 on the fly).

Images take up less space when they are stored as binary files. The size of a
data URL is around 30 percent bigger than the size of the same image as a file.
If the web server that you're using is zipping the content, this ratio is slightly
better, but binary files still win.

By using data URLs, you “couple” the script with the resources, which is a bad
thing to do. Once you change either of them, you have to redownload the whole
file on the client. After editing an image, you have to regenerate the data URL.
Each time the designer changes a single pixel, you must update your code.

The good thing about data URLs is that they are text. They can be transferred
via systems that accept only text. They can be embedded into the code, but that
doesn’t mean that they shou/d be embedded in the code. The example in the
previous section—the placeholder image—is the correct usage of data URL. We
want to guarantee that the image is always available to the script, and that’s
why we’re using the data URL.
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So What’s the Strategy?

Check that your game needs all the graphics on startup, or some of the files
might wait until the player reaches some point in the game. If that’s the case,
you should separate the graphics that can be loaded later, and load them only
when they are needed.

A good size for an image is something between 50 KB and 250 KB. Anything
less is going to generate a lot of requests, so you should combine several files
into a bigger one (the big image that holds multiple small sprites is known as the
sprite sheet, which we discuss later in this chapter). If your files are considerably
bigger, they will lock up the progress indicator. Besides, if you change even a
single pixel in it, you’ll have to download it from the server again.

Use data URLs when there’s a good reason to use them; otherwise, use good
old image files.

Drawing an Image

Loading an image is not very fun by itself, but once you know how to load it, you
can draw it on canvas. Let’s proceed with our drawing experiments.

How to Draw an Image

There’s a single function in Context2D API responsible for drawing an image; it’s
called drawImage(). The idea behind it is to take a rectangular area of pixels
from the image (the source) and fit it into the rectangular area in the canvas (the
destination), as shown in Figure 4-5.
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Figure 4-5. Drawing an image on the canvas
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The function takes eight parameters:
drawImage(image, sx, sy, sWidth, sHeight, dx, dy, dWidth, dHeight)

The first parameter is the Image object that we loaded. The next four parameters:
sX, sy, sWidth, and sHeight define the part of the image to draw; everything
outside of this rectangle is ignored. The small “s” in the parameter name stands
for “source.” The last four parameters define the rectangle on a canvas to draw
the part of the image into. The lowercase “d” in the name of parameters stands
for “destination.”

If the destination rectangle is different from the source rectangle (it's bigger,
smaller, or has a different proportion of the sides), the image is resized to fit the
destination area (see Figure 4-6). Raster graphics look best when they are not
resized, so you should attempt to keep the size of the source and destination
rectangles the same. This effect can be used for nice-looking animations,
however.
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Figure 4-6. If the source rectangle is different from the destination rectangle, the image will be resized
to fit it. This example shows a disproportional change that causes the image to scale more in width
than height.

As you recall, sprites do not scale well. Scaling too much or disproportionately
can make sprites look quite bad.

Now let’s load the sprite sheet and draw a sprite on the canvas. The first step is
to use the ImageManager to load the image. Once this is done, we can proceed
to drawing the actual sprite. The function in Listing 4-13 draws a single
animation frame.
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Listing 4-13. The Function That Draws a Single Sprite from the Sprite Sheet

function drawPlayer() {
var canvas = document.getElementById("mainCanvas");
var ctx = canvas.getContext("2d");

var playerImage = imageManager.getImage(“player");
ctx.drawImage(playerImage, 8, 8, 40, 40, 50, 50, 40, 40);

}

As you see, we limit the area of the image—the first rectangle (8, 8, 40, 40)
covers one animation frame. The size of the source rectangle is the same as the
size of the destination rectangle, so the image is not resized. This is the usual
way to draw sprites from a sprite sheet. The complete example of how to draw
an image on the canvas is available in the 03.drawing_image.html file with the
source code for this chapter.

There are two other ways to draw an image, as shown in Listing 4-14.
Listing 4-14. Shorthand Versions of the drawimage

// Draws the whole image without scaling at (dx, dy) point of the canvas.
ctx.drawImage(image, dx, dy);

// This is a shorthand version of

ctx.drawImage(im, 0, 0, im.width, im.height, dx, dy, im.width, im.height);

// Scales the image to fit the rectangle (dw, dh) and draws at (dx, dy)
drawImage(image, dx, dy, dw, dh)

// This is a shorthand version of

ctx.drawImage(im, 0, 0, im.width, im.height, dx, dy, dw, dh);

These versions of the drawing function have a smaller numbers of parameters.
But they both work with the whole source image and do not allow picking the
exact frame from the sprite sheet. That's why they are less useful for game
development.

Drawing Performance

When it comes to a sprite-based game, everybody asks the same questions:
how many sprites can | actually draw per frame? Is it better to draw four small
32 x 32 images or use one big 64 x 64 instead? The answer very much depends
on three parameters: hardware, software, and the image that you are using. I've
written several tests on http://jsperf.com/draw-image to see how it really
works on different browsers and hardware. | checked how PNG transparency,
image size, image content, and scaling affect drawing performance.

When | first executed these tests, | was surprised by the results. It looks like
different browsers are optimized for the rendering of different types of images.
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Google Chrome, for example, rendered every type of image with almost the
same speed: big or small, transparent or not, cut from the sprite sheet or
painted as is. Other browsers performed in a totally different manner. Opera
preferred the image with an opaque background to the same image with a solid
background. Safari preferred the transparent image.

It is virtually impossible to give optimization advice in a way that suits every
browser: some browsers render graphics faster, some work slightly slower.
There are a few relatively constant behaviors that should be used for the
optimizations, however.

NOTE: The result of the jsperf.com test is the number of iterations per second. In
other words, it tells you how many times you can run a certain task during one
second—more is better. These numbers should not be treated as some absolute
values to determine how fast a certain operation is. The results of the tests are used
to compare how much faster one operation is than another. Which operation is faster:
multiplying the number by 0.5 or dividing it by 2? This is exactly the type of question
that jsperf.com aims to answer.

If you ever have any doubt about the effectiveness of a certain approach versus
another one, don't hesitate to use this small and very useful tool.

Smaller images are usually painted faster than bigger ones. This sounds like an
obvious observation, but the interesting point is that it is “cheaper” to paint one
large image rather than cover the same area with several small pictures. | tested
sets of 25 sprites. A set of 64 x 64 sprites did 306 repaints per second while a
32 x 32 set managed 506 (bigger is better, remember). I'd need to paint 100
small sprites to cover the same area that | covered with the big ones because
the 64 x 64 sprite covers an area four times larger than that of the 32 x 32 sprite.
The relative numbers that take the area into account would be 306 (big sprites
covering the area) versus 127 (506 + 4 = 127) small sprites covering the area.
Big sprites do the job almost three times faster!

Scaling /s evil. Aimost every browser showed an extreme drop in performance
when | tested how the scaling of the image behaves. Drawing a 32 x 32 image
scaled to the size of 64 x 64 takes twice the time as drawing the big (64 x 64)
unscaled image in a standard Android 2.2 browser. Firefox Mobile draws it nine
times slower (at the time of writing). Conclusion: if you want to support the
different sizes of sprites, it is best to create different sets of resources—one for
Low Res, one for High Res. If you try to scale at runtime, the CPU will not thank
you.
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Sprite sheets work a little slower than the individual images. Wait! But you just
said that sprite sheets are good! Yes, they are—especially when it comes to
transferring the image via 3G networks; but when you need to draw it, an
individual image wins the race. How bad is the loss of performance? Not that
bad: 306 operations per second for the individual image versus 267 operations
for the same image cut out from the sprite. In a sprite-intensive game, it is still
important to squeeze every CPU cycle you can, but loading images frame by
frame is not an option. You’ve seen already how to build an image out of the
canvas object using the data URL. You can use the same approach here:
transfer the image as a sprite sheet, but transform it to a set of individual images
right in the browser. A couple of extra seconds in loading time is usually a good
price for the boost of the performance.

Decimal pixels kill performance. On most browsers, drawing the sprite in
decimal coordinates like (1.5, 1.5) is significantly slower than drawing the
same image in either (1, 1) or (2, 2). The loss of performance is the same
order as with the scaled image. Remember the blurry lines described in Chapter
17? Sprites work the same way: the browser uses anti-aliasing to draw the sprite
in a decimal coordinate, bringing up image preprocessing and semitransparent
pixels on the border, both of which tend to like eating the CPU (see Figure 4-7).
The solution is simple: do Math.round() on the coordinates before drawing. No
decimal part, no problem.

Figure 4-7. Drawing with integer (leff) and decimal coordinates (right). The right image takes nine
times longer to output, and doesn’t look all that good anyway.

At the time of writing, the standard browser in Android 2.2 ignored the subpixel
values, drawing the image exactly the same way. That’s why it works equally
well on both integer and decimal coordinates. You should not ignore this issue,
however, even if you're developing only for Android—you never know which
browser will be the default on your player’s system. It could be Firefox Mobile,
which doesn’t trim coordinates for you.

Still, the question is not answered. How many sprites can | draw per second?
The exact answer, of course, is “it depends on this and that...” but | think
you’ve had enough of answers like that from political TV shows. | have written a
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simple test case to check how much you can expect from both mobile and
desktop browsers. | assumed that the game needs around 30 FPS to feel
smooth, and tested the number of 32 x 32 sprites | could draw without falling
below the FPS cap. In my opinion, there’s no sense to use smaller sprites—on
modern screen densities, 32 x 32 pixels look tiny already.

My Galaxy S proudly held around 370 sprites on Dolphin HD, and the stock
browser Fennec stuck at around 100.

Desktop PCs are way better at handling simple sprites. Safari can render around
2200 sprites; Google Chrome 15 and Opera 11 easily hit 3200 sprites; IE9 got
4500; and Firefox 7 managed 5500. You need around 2000 sprites to fully cover
the Full HD screen.

NOTE: For every test case, I'm checking whether or not the browser is capable of
covering the area that is supposed to be a game screen. If you can rerender the
whole screen each frame, covering it with a completely new set of sprites, then your
game should run just fine. This is a very rough metric since it assumes the worst
case scenario. Ninety-nine percent of the time, you will not need to update the whole
screen. There are a lot of technigues on how to optimize this process and render only
the parts of the canvas that actually need to be rendered.

Also, I'm not taking into account the game logic that might be pretty involved. In
games like Angry Birds, far more CPU time is spent calculating realistic physics than
rendering those few boxes. The technigues to optimize rendering speed are covered
in detail in Chapter 7.

If you don’t have enough processing power to cover the screen with tiles, it doesn't
mean that your game won't run, but that you need to do a more accurate benchmark,
and probably build a prototype and run it on the target device. It is good practice to
do that for every new game that you create. You never know what kind of issues you
may uncover with this small experiment.

Sprite Sheets

Let’s have a closer look at the character image. It has a set of animation frames
for a dozen animations. Each frame has its own position on the sheet and
doesn’t overlap with the other frames. Frames are of different sizes: a frame with
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the character standing still is smaller than the frame with the character waving
hand since the raised hand takes up some space.

The position of the character inside the frame also differs from one frame to
another. It changes depending on the character’s pose or action. When he is
standing still, he is roughly in the middle of the frame; when he is crouching, he
might be shifted a little bit to the right; when he’s swinging his weapon, he might
be shifted to the left, and so on.

When we render a smooth animation, we need to know this position, or anchor
point. When the character is bowing, his feet must stay in a fixed location of the
game world, and does not depend on the dimensions of the frame. The “center
of the character” is the anchor of the frame.

NOTE: In this chapter, | show how to draw sprites straight from the sprite sheet. Even
though this technique is a little slower than rendering individual images, it is fairly
easy to adjust the code to prerender each frame once you know how to draw it.

The anchor point is used to position the frame on the screen. When we need to
draw a frame in point (x, y), it means that the anchor point should go there, not
the top-left corner or any other point on the image (see Figure 4-8).

Figure 4-8. The anchor points of animation frames. In each frame, the anchor point may have different
coordinates.

We just figured out what we need to know about the frame before drawing an
animated character in a given set of coordinates: the size of the frame and the
coordinates of the anchor point within that frame. A dozen sprite sheets—each
having up to a hundred frames—soon becomes unmanageable without the
proper API. So it’s time to make a new class! SpriteSheet sounds good enough.

So far, SpriteSheet is one of the simplest classes in the book. I'm showing the
code in Listing 4-15.
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Listing 4-15.The SpriteSheet Class Responsible for Drawing Individual Frames
/ k%
*

* @param image the image object to use for drawing
* @param frames the array describing the frames of the sprite sheet in a

format:
* [
* [x, y, width, height, anchorX, anchorY] // - frame 1
* [x, y, width, height, anchorX, anchorY] // - frame 2
*
* ]
*/

function SpriteSheet(image, frames) {
this._image = image;
this. frames = frames;

}

SpriteSheet.FRAME X = 0;
SpriteSheet.FRAME_Y = 1;
SpriteSheet.FRAME WIDTH = 2;

b
SpriteSheet.FRAME_HEIGHT = 3;
SpriteSheet.FRAME_ANCHOR X = 4;
SpriteSheet.FRAME_ANCHOR Y = 5;
/**
* Draws the frame of the sprite sheet in the given coordinates of the
* Context.

* @param ctx the context to draw at
* @param index the index of the frame
* @param x x coordinate where the anchor will appear
* @param y y coordinate where the anchor will appear
*/
_p.drawFrame = function(ctx, index, x, y) {
var frame = this. frames[index];

if (!frame)
return;

ctx.drawImage(this. image,
frame[SpriteSheet.FRAME_X], frame[SpriteSheet.FRAME_Y],
frame[SpriteSheet.FRAME WIDTH], frame[SpriteSheet.FRAME HEIGHT],
x - frame[SpriteSheet.FRAME_ANCHOR X],
y - frame[SpriteSheet.FRAME_ANCHOR_ Y],
frame[ SpriteSheet.FRAME WIDTH], frame[SpriteSheet.FRAME HEIGHT]);
1

The constructor accepts two parameters: an image and the description of the
frames. Each frame is described by an array that has six elements: four to
describe the frame size and position within the sheet, and two for the
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coordinates of the anchor point. The drawing function is very simple too: it
calculates the offset for the given frame so that the anchor point appears in the
(x, y) position.

NOTE: You might have noticed that | created several constants to refer to the indices
of the frame array. Their only purpose is to make code more readable. Compare the
code in the listing with the same code rewritten without constants:

ctx.drawImage(this. image, frame[0], frame[1], frame[2],
frame[3], x - frame[5], y - frame[6], frame[2],
frame[3]);

This code looks a little more compact, but if you read it later, | bet you won't
remember the meaning behind the indices.

Now we can separate the sprite sheet description from the drawing code, as
shown in Listing 4-16.

Listing 4-16. Using SpriteSheet to Draw Sprites

var frames = [
[9) 8) 38) 37) 10) 36])
[57, 8, 39, 37, 10, 36],
[107, 8, 45, 37, 10, 36],
] [163, 8, 45, 37, 10, 36]
b
var spriteSheet = new SpriteSheet(imageManager.getImage("player"), frames);
spriteSheet.drawFrame(ctx, current, 10, 40);

TIP: Where do these frame-description numbers come from? Usually your artist gives
them to you, but make sure to explain to him that you need the description of the
frames before he starts working. Otherwise, you will spend an evening with your
favorite graphical editor measuring pixels—just like | did while writing this chapter.

Raster Fonts

There’s another interesting use for the sprite sheet—rendering in-game raster
fonts. Games might use very fancy fonts presented as bitmaps, with each sprite
representing a letter or character.
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The task of building a class that can render strings using bitmap fonts can be
trivial or rather complex, depending on the set of features that you need. If you
need a one-line bitmap representation of the string, it’ll take five minutes to build
a class that can do it. On the other hand, the advanced solution that takes into
the account line breaks, alignment, and intervals can be very complex.
Typography is a broad and interesting topic that is beyond the scope of this
book.

Basics of Animation

We're getting closer to the one of the most exciting parts of game development:
animation. When pictures start to move, your game becomes “alive.” It is a truly
incredible feeling to see your first animated sprite moving on the screen.

The Simplest Animation

Nowadays everybody knows how animation works. There’s no mystery behind
it. When you change frames fast enough and update the picture on the screen
(change its shape, position, step to the next frame in the animation sequence, or
all of the above), the user experiences the illusion of movement. The picture
becomes alive—spaceships fly and shoot, Pac-Man runs away from the chase,
and tanks turn their turrets.

To create the animation, we have to implement three steps.

1. Update the state of the picture with time (move it, change
frames, etc).

2. Draw the picture on the screen.

3. Wait some time and repeat the previous two steps, drawing the
new frame (do not forget to clear the contents of the previous
frame).

The faster frames change, the smoother the animation looks to the user. The
speed of frame change is called the frame rate and it is measured in frames per
second, or FPS.

Implementing the plan that we just outlined, we should create a function that
renders the frame and call it every 30 to 50 milliseconds. Listing 4-17 shows the
code that does the trick.
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Listing 4-17. The Simplest Possible Canvas Animation

var currentFrame = -1;

function animate(timestamp) {
ctx.fillStyle = "white";
ctx.fillRect(0, 0, canvas.width, canvas.height);
currentFrame = ++currentFrame%s;
spriteSheet.drawFrame(ctx, current, 10, 40);
requestAnimationFrame(arguments.callee);

animate();

Let’s look closer at this code since it is the basis for the whole animation
framework that we’re going to make during this chapter. The first two lines of
the function are well known from Chapter 2: we’re clearing the whole canvas
with a solid white color. We have to clear the old frame before drawing the new
one since canvas doesn’t clear itself automatically and will draw the new
content on top of the old. The full example of this approach is available in a file
called 05.sprite_sheet_anlimation.html together with the source code for this
chapter.

The variable called current holds the index of the current frame in the animation
sequence. The sequence has a total of five frames. The next line, currentFrame
= ++currentFrame’5, increases the counter by one and performs a modulo
operation (returns the remainder from the division by five) to make sure that the
number is never greater than four. This line could be rewritten in the following,
more verbose way:

current++;
if (current > 4)
current = 0;

It does exactly the same as the line in Listing 4-17: after the counter reaches 4,
it drops back to 0 and continues from there. The next line draws the frame, and
the last line schedules the execution of the same function after 50 milliseconds.

The last line of the animate() function is a new and important concept.
JavaScript #imers are a simple yet very powerful mechanism for scheduling
fragments of code for later execution. Redrawing the frame every few
milliseconds is one of the core tasks that we need to implement in order to
create animation. That’s what we will do now.
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NOTE: arguments.callee is the reference to the function itself. For example,
when I'm inside the function called animate, then arguments.callee refers to
this function—animate (). When you need to refer the function from within itself, it
is the best way to do it. Referencing by name has its drawbacks. If you refactor your
code, for example, you should remember to update another reference. In JavaScript it
is common for a function not to have a name at all. In this case,
arguments.callee is the only way to access it after it was created. The last line
can be read as “call the same function again in 50 milliseconds”.

For the sake of an example, let’s consider another approach to pausing the
script. Let's tell JavaScript to “wait five milliseconds, and then continue the
execution.” The ugliest and usually unacceptable way to do it is to throw a
useless task to the CPU, and ask to repeat it in a loop. After each cycle, you
check how much time has passed and decide if you need to move on (see
Listing 4-18). Don’t try this at home.

Listing 4-18. The Naive Way to Make Browser Wait for 5 Seconds Before Moving On

var delay = 5000; // Five seconds
var start = new Date().getTime();
while (true) {
// Find something to occupy CPU with, how about some math?
Math.sin(Math.random()*2*Math.PI) + Math.cos(Math.random()*2*Math.PI);
var passed = new Date().getTime() - start;
if (passed > delay)
break;

}

To understand how to organize the animation in the best way, look deep into
JavaScript’s internals to see why the code in the Listing 4-18 is one of the worst
things that you can do, how to avoid the pitfalls of long-running tasks, and
schedule the animation loops correctly.

JavaScript Threading Model

JavaScript is a single-threaded language. That means that at any given time
there’s at most one piece of the code that is executing. For example, if an image
has finished loading at the moment that another function was executing, the
callback will not run immediately in parallel. JavaScript schedules the execution
of that code after the end of the current function. If there are several listeners,
they will be queued and executed one by one.
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Image loading is not the only part of JavaScript that uses callbacks. The user
input handling code (which we’ll examine in detail in the next chapter) relies on a
similar mechanism to react to touches and mouse clicks. This means that while
a long task is executed by your script, the rest of the world is frozen until it is
finished. Figure 4-9 illustrates this.

Ul is frozen here =
- Ll

Execute Execute Execute

i Execule Execute -
Time . " Long-running task listener listener listener
listener listener slene £

r 3 F 9 r f T T 1 Execute listeners for queued
events

Events
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B
Body Mouse Button New events are not
loaded move click executed, they are queued

Figure 4-9. The threading model of JavaScript. Since JavaScript is single-threaded, only one piece of
the code can be executed simultaneously. Long running tasks block Ul and make the application
unresponsive.

Let’s say that you’re in the middle of a heavyweight function that runs for a long
time. The user moves the mouse cursor over the Ul component. This action
generates several dozen events, but neither of those are processed until the
long-running function has completed.

What is the practical conclusion from all of the preceding? There are two.

You can be sure that the currently executed code is the only
fragment of code that is running. If you are inside a listener,
you should not worry about what will happen if the animate()
is repainting the scene at this exact moment; it just can’t
happen.

Any long-running functions blocks the input. If your chess Al
calculates the best strategy in 5 seconds, it means the user
will not see the feedback for at least 5 seconds. The long-
running tasks can be broken down into smaller ones that do
not stop the rest of the world.

The second point might sound like a headache. In practice, it is not a headache
at all. You need to put just a little bit more effort into the design of an application
with long-running tasks.
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The main advantage of the described approach is that designing a single-
threaded application (and every JavaScript application is single-threaded) is way
simpler than writing multi-threaded code. Languages like Java utilize the full
power of threading for the price of complex and very complex APls that
coordinate the execution of multiple threads. To make matters worse, bugs in
multi-threaded environments can stay unnoticed for months and eventually
crash the whole system simply due to unlucky timing. Unit testing multi-
threaded code is a black magic that only chosen ones can master.

Now that we know the pitfalls, let’s get back to our question. How can we
schedule the repaint function for later execution?

Timers

As | mentioned, JavaScript has what is known as #imers, a built-in mechanism
for scheduling a task for later execution. In this section, we learn how timers
help with repeating tasks like animation.

Setting Timers

JavaScript has three functions for scheduling the code for later execution:
setInterval(), setTimeout(), and requestAnimationFrame(). All three functions
do similar things—they tell the browser: “Hey, please schedule the execution of
the code that I’'m giving to you. Call in around N milliseconds when you have
some free cycles.”

After N milliseconds, the browser queues the execution of the function as if it is
a simple event listener. If the queue is empty, then you’re lucky and your
function is executed immediately. If the queue is full of other tasks—well, your
function will have to wait, no matter how important is it.

NOTE: This is an important concept about the timers: they are not guaranteed to fire
exactly at the time when they are scheduled to fire. One of the reasons was shown
earlier; if another piece of code is executing, the timer waits for its turn. Even when
timers work in a perfectly dull page without any events and user activities, they are
not guaranteed to run in time. The delay might happen because of the resolution of
the 0S timer, for example (but this is far outside the scope of this book).

There are only two things that you can rely on.

The timer will never fire before its scheduled time.
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The browser will do its best to fire it on time.

TIP: Don’t worry that the timer fires a millisecond later. Usually, the user won’t notice
the glitch. Don't be a perfectionist and don't try to make the timer perfect. When |
was working as a Java game developer, | spent a huge amount of time trying to
make the animation loop in Java a little better. Java, being an enterprise platform,
had the same timer issues—you couldn’t rely on timer accuracy. It was making me
crazy and | wrote dozens of tests, native modules, and workarounds. The effect was
hardly noticeable. It is way better to spend this time writing real gaming code.

Now let’s get back to the scheduling functions and see how they differ.

setInterval() schedules the execution of the function every N milliseconds (see
Listing 4-19).

Listing 4-19. An Example of setinterval

setInterval(
function() {
console.log(“Hello”)
}, 500);

The code in Listing 4-19 outputs the word “Hello” into the console twice a
second.

setTimeout () schedules the single execution of the function. Of course, you can
call setTimeout() at the end of your function once again, thus imitating the work
of setInterval(). You have two different ways to call setTimeout; both are
shown in Listing 4-20. The first call schedules a single execution, whereas the
second call schedules the execution again after each loop.

Listing 4-20. Two Ways of Calling setTimeout

// Will fire once
setTimeout(function() {
console.log("Hello")
}, 500);

// Will work almost like setInterval, will fire forever
setTimeout(function() {
setTimeout(arguments.callee, 500);
console.log("Hello")
}, 500);

requestAnimationFrame() is the last timer function, and the most recently added
one. It is supported by the vast majority of desktop browsers, but unfortunately
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not by the stock Android browser (it is supported by mobile Firefox). As the
name suggests, it was created specifically for handling animations. You can’t
pass the timeout value into the requestAnimationFrame; it is up to the browser to
decide the best time for the next animation loop. The browser synchronizes the
requestAnimationCallback with the other animations on the page—CSS
transitions, DOM animations, SVG SMIL, and so forth—improving overall
performance of the page. Besides, requestAnimationFrame() will not fire if the
browser tab is invisible. If nobody is looking at the animation, why waste
precious cycles and battery power on it? This is the supposed method to
schedule animations in JavaScript games. Listing 4-21 shows the way to use
this function to schedule animation in JavaScript games (for browsers that
support it).

Listing 4-21. An Example of the Usage of requestAnimationFrame

function animate(timestamp){
console.log("Hello");
requestAnimationFrame(animate);

At the time of writing, this function is still implemented with vendor-specific
prefixes. In WebKit browsers, it is called webkitRequestAnimationFrame(); in
Opera, it is oRequestAnimationFrame(), an so forth. When the function is
standardized, browser vendors will eventually remove the prefix; but for now, it
is convenient to use the following shim layer in Listing 4-22, which was
implemented by Paul Irish.

Listing 4-22. Shim Layer for requestAnimationFrame

window.requestAnimationFrame = (function(){
//Check for each browser
//@paul_irish function
//Globalises this function to work on any browser as each browser has a
different namespace for this
return window.requestAnimationFrame || //Chromium
window.webkitRequestAnimationFrame || //Webkit
window.mozRequestAnimationFrame || //Mozilla Geko
window.oRequestAnimationFrame || //0pera Presto
window.msRequestAnimationFrame || //IE Trident
function(callback, element){ //Fallback function
return window.setTimeout(callback, 1000/60);
}

HO;

Note how this code gracefully degrades to setTimeout(). Even if the browser
doesn’t support requestAnimationFrame(), your code will not break! Moreover,
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once the browser adds support to this magical little feature, you do not need to
change anything to use it.

NOTE: The construction that Paul used may look confusing at first glance. Let's take
a minute to explain it. Paul created an anonymous function that returns the function
(remember, in JavaScript, the function acts just like any other object and it can be
returned from methods) and called it straightaway. The function checks for the
available implementation of requestAnimationFrame and assigns it o the
window.requestAnimationFrame property:

window.requestAnimationFrame = (function(){
// actual shim code here

NO;

Add this code to utils.js, as we will need it in most of the chapters throughout
the book.

Stopping Timers

Sometimes you want to cancel the timer—for example, when the game has
ended and there’s no more need to animate anything, you might want to stop
requestAnimationFrame() or the other timer. Each function that we described
earlier has a counter-function that stops the timer and prevents the next call
from happening.

To stop the timer set with setTimeout(), you call clearTimeout() like this:

var handler = setTimeout(function() {alert ("Boom");}, 1000);
clearTimeout(handler);

Each timer function returns the “handler” that identifies the timer. The handler is
used to distinguish between different timers in case you have many of them in
your script. Intervals follow exactly the same pattern, with the only difference
being that the function that stops the execution is called clearInterval():

var handler = setInterval(function() {alert ("Tick");}, 1000);
clearInterval(handler);

Finally, clearing the animationFrame is a little bit more involved because of
different naming conventions. We will need another shim layer to use
cancelRequestAnimationFrame() in a browser-agnostic way and, of course,
provide the fallback to the standard clearTimeout() implementation (see
Listing 4-23).
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Listing 4-23. Cancelling requestAnimationFrame

window.cancelRequestAnimFrame = ( function() {
return window.cancelAnimationFrame |
window.webkitCancelRequestAnimationFrame |
window.mozCancelRequestAnimationFrame |
window.oCancelRequestAnimationFrame |
window.msCancelRequestAnimationFrame |
clearTimeout

})0;

Improving Animation

Now that we know how to organize the animation sequence, it is time to think
about ways to improve the simple solution. Take into account that the current
frame rate can be far below the desired 60 FPS and deal with the possible
glitches, for example. The end of this section introduces the Animator class—
the class for handling the more complex animation strategies.

Frame Rate and the Time Between Frames

Let’s review the animation example from the start of the section once again.
This version of the code (see Listing 4-24) doesn’t take the frame rate into the
account. The animation renders faster on faster devices.

Listing 4-24. Basic Implementation of Animation

var currentFrame = -1;

function animate(timestamp) {
ctx.fillStyle = "white",;
ctx.fillRect(0, 0, canvas.width, canvas.height);
currentFrame = ++currentFrame%s;
spriteSheet.drawFrame(ctx, current, 10, 40);
requestAnimationFrame(arguments.callee);

animate();

If you add more sprites and try it out on different devices, you will notice that the
speed of the animation heavily depends on CPU and frame rate (just make sure
to add enough sprites). The animation doesn’t take time into account, and it will
look inconsistent over different browsers and hardware.

If you build the graphics-intensive game with the animation approach shown in
Listing 4-24, you soon notice that the speed of animation depends on the device
hardware: it runs slower on less powerful devices that can’t hold a steady 60
FPS or faster rate on newer multicode smartphones. This is not the behavior
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that a user expects from a game. The speed of the animation should stay
constant and should not depend on the frame rate. Let's fix this.

We need to keep the frame on the screen for a certain fixed amount of time, like
50 milliseconds, before switching to the next one. This way, we make the game
slightly more consistent. The second version of the code, shown in Listing 4-25,
implements this idea.

Listing 4-25. The Improved Version of the Code That Checks the Time Elapsed Between the Frames

function animate(t) {
var now = t || new Date().getTime();
ctx.fillStyle = "white";
ctx.fillRect(0, 0, canvas.width, canvas.height);

var timeSinceFrameStart = now - currentFrameStart;
if (timeSinceFrameStart > timePerFrame) {
currentFrame = ++currentFrame%s;
console.log(currentFrame);
currentFrameStart = now;

}

spriteSheet.drawFrame(ctx, currentFrame, 10, 40);
requestAnimationFrame(arguments.callee);

animate(0);

If you try to run the script, you’ll notice the result is roughly the same for both
the desktop browser and the Android browser.

NOTE: The requestAnimationFrame() should pass the timestamp parameter to
the listener function, but since we are using a trick described in a previous section,
any browser that doesn't support the new timer will fall back to setTimeout (). In
this case, we need to determine the current time ourselves (luckily, this is not a
heavyweight operation). That's where that extra line comes from:

var now = t || new Date().getTime();

This approach has its drawbacks, however. Look at Figures 4-10 and 4-11,
which show the animation flow. We'll start with Figure 4-10, which shows the
perfect case. In a perfect world, the timer hits exactly when we need it to hit—
every 50 milliseconds—giving a very predictable interval between the frames.
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Perfect case
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Figure 4-10. In a perfect world, timers are never late and all animations finish in time.

In the real world, it looks somewhat different. We planned to keep the frame on
the screen for 50 milliseconds. A timer running at 60 FPS hits our function
approximately every 16 milliseconds (60 frames per second = 1000 + 60
milliseconds per frame). It means that timer will not hit at exactly 50 milliseconds
after the start of the animation sequence. The first time the function is executed
at 16 milliseconds, then at 32, 48, and 64. When will the frame change? Right
after 64 milliseconds (instead of 50, as planned). Figure 4-11 illustrates this idea.
Following the same logic, the next frame is rendered at the next hit, after 64 + 50
(the current frame time plus the time between frames), which is 128 milliseconds
from the start. And so on, until the end of the animation.

Real World
|
16 32 48 64 80 96 112 128 etc 384 (!
—t—t— } 84 ms
time (ms) late
. 0 . 1 . 3 )
F + t i
frame 64 ms

Figure 4-11. In the real world, timers are inaccurate and animations are running late.

If the animation has six frames, one may think that it will end in 300 milliseconds
(50 milliseconds per frame), but since we are 14 milliseconds late each frame
(spending 64 instead of 50), the animation will instead last 384 milliseconds.

The problem with this approach is that we calculate the time from the start of
the last frame to decide if we need to render a new one. Since the timer is
inaccurate, each frame introduces inaccuracy into the calculation. The more
frames we have, the bigger the difference between what we expect and what we
get.

Let’s try a different model. Instead of using the time from the start of the frame,
we will use the time from the start of the animation. Since we know the amount
of time the animation lasts, we can determine what fraction of the time has
passed. When 100 milliseconds have passed since the start of an animation that
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takes 300 milliseconds to complete, the completed fraction is 100 + 300 = 1/3,
or one-third. At this point, we should be drawing frame 2—no matter how much
time has passed since the last frame.

This way we eliminate the increase of inaccuracy and keep the animation as
close to the timing as probably possible. To understand the idea better, let’s
look at Figure 4-12, which illustrates our final approach. The middle axis is the
fraction of time passed since the start of the animation. The first frame renders
exactly the same way: it stays on the screen for as long as 64 milliseconds. The
first frame must be changed when we reach one-sixth of the total time. One-
sixth is approximately 0.167; it takes four iterations to reach this threshold. The
third iteration starts at 0.16—very close to the next frame, but still not enough.
The fourth iteration is at 64 milliseconds or 0.21; that’s when the frame actually
changes. The second frame should finish at 0.333, so it takes only three more
iterations to reach it (from fractions 0.21 to 0.37). The second frame stays on the
screen for 48 milliseconds—2 milliseconds less than it should. However, this
number is much closer to the desired 50 milliseconds than it was in the first
frame.

Better case
16 32 48 64 80 96 112 128 160 192 304
I + t t + t + 1 t t t t + — —> 4ms
_ : 144 176 208 late
Time (ms) :
a5 a1 a6 21 .26 .32 37 53
} t t 1 t t } + t } t t } t t —>
Fraction : :
64 ms : 2 :
< > 1 — 3
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Frame 48 ms 3 48 ms 48 ms :

Figure 4-12. A better approach. We are not relying on the time since the last frame, but rather on the
time fraction passed since the start of the animation sequence.

In this case, the overall animation finishes only 4 milliseconds late—much better
than 84. Let’s implement this approach and finally make a good version of the
animation function. The code is shown in Listing 4-26.
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Listing 4-26. The Final Version of the Animation Function

var numFrames = 6;
var duration = numFrames*50;
var animationStartTime = new Date().getTime();
function animate(t) {
var now = t || new Date().getTime();

// Make sure that we don't run out of bounds

var timePassed = (now - animationStartTime)%duration;
var fraction = timePassed/duration;

var currentFrame = Math.floor(fraction*numFrames);

ctx.fillStyle = "white";
ctx.fillRect(0, 0, canvas.width, canvas.height);

spriteSheet.drawFrame(ctx, currentFrame, 10, 40);
requestAnimationFrame(arguments.callee);

animate(0);

What if we have multiple sprites on the screen, each with its own animation
parameters—time per frame, number of frames, and so forth? Storing this data
as we did in the example will soon become messy. Sounds like a good time to
make another class.

Implementing Animator

Animation is not limited to changing frames. In fact, any change of shape,
position, color, or any other visual property of an element that is performed in a
smooth and progressive way is an animation. We just looked at the simplest
case: each frame stays on the screen for the same fixed amount of time,
changed by the next frame, and so on, until the animation reaches its end. Once
it is there, the next loop starts from the first frame again.

If we apply the same approach to changing the coordinates of the object, we
get a different type of animation—movement with a constant speed. There are a
lot of examples of such movement in a real life: a car driving on an empty
highway is one. Nevertheless, there are many more examples of movement
happening with either acceleration or deceleration (an apple falling from a tree),
changing its direction (a swinging pendulum), or following even more complex
laws.

These more complex animation cases are often required in casual and arcade
games. For example, when a character is swinging on a rope, his speed is not
constant; it accelerates while going down and decelerates while going back up.
There are many other examples of movement that involve acceleration and



CHAPTER 4: Animation and Sprites 161

deceleration, so it is worth implementing these mechanics in the Animator class
that we cover in this section.

Animator has two main use cases. The first is playing the animation with
constant speed, as we just did in the previous section. In this case, Animator
acts solely as a wrapper around the code that calculates the fraction of the
animation loop. The second case is updating animation with acceleration and
deceleration.

We will start with looking at the code that uses Animator, and then we’ll discuss
the implementation. Listing 4-27 shows an example that uses Animator for
simple switching of frames. We create the Animator instance and set the
parameters for the animation—for now, only the duration of the sequence. After
that, Animator returns a fraction for the animation passed from the beginning.

Listing 4-27. The Basic Usage of the Animator

// Total number of frame in the animation
var numFrames = 5;

// Time per frame
var TIME_PER FRAME = 50;

var animator = new Animator(numFrames*TIME_PER_FRAME);
// Start the animation sequence
animator.start();

function animate(t) {
var deltaTime = getTimePassedFromLastFrame();
var fraction = animator.update(deltaTime);

// Given the fraction and the total number of frames, get the current frame
var currentFrame = Math.floor(fraction*numFrames);

// Draw the actual frame
drawFrame(currentFrame);

// Loop again
requestAnimationFrame(arguments.callee);

animate(0);

drawFrame() and getTimePassedSincelastFrame() are placeholder functions that
are quite easy to implement. The main idea behind the Animator class is to
decouple the code that calculates the current fraction of the animation from the
code that updates the screen. If you need to animate the position of the object,
rather than the frame, the changes to the code are minimal, as shown in the
Listing 4-28.
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Listing 4-28. Updating the Position of the Object. The Object Moves from (0, 0) to (300, 300) in 500
Milliseconds.

// Total time of the animation - half of a second
var animator = new Animator(500);

// Start the sequence
animator.start();

function animate(t) {
var deltaTime = getTimePassedFromlLastFrame();
var fraction = animator.update(deltaTime);

var pos = fraction*500;
drauToken(pos);

// Loop again
requestAnimationFrame(arguments.callee);

animate(0);

The changed code is in bold. Simply a few lines changed, and we moved from
the frame animation to the position animation! What if we want to add the
acceleration and deceleration? This change should not affect the way we
rerender our screen; the only thing that changes is the algorithm that calculates
the new fraction. The actual code is hidden within the animator, so the client
code has only two extra lines, as shown in Listing 4-29.

Listing 4-29. Setting Acceleration and Deceleration

var animator = new Animator(500);
animator.setAcceleration(0.5);
animator.setDeceleration(0.3);
/1.

The rest of the code stays unchanged!

NOTE: The overall solution is inspired by the Timing Framework
(http://java.net/projects/timingframework), which was created to
simplify the animation of user interface elements in Java desktop programs. You may
want to check it out for inspiration.

Besides acceleration and deceleration, Animator should allow setting the
number of loops, and toggling the direction of the animation. It should also have
a way to notify the user about interesting animation events, and provide simple
controls like pause, stop, reset, and so forth. It doesn’t make much sense to



CHAPTER 4: Animation and Sprites 163

write this class step by step, since the code doesn’t really have anything to do
with gamedev-specific algorithms. Let’s just look through it to understand how it
works.

The full code can be found with the other source code for this chapter in the
js/Animator.js file. In this chapter, we just review the most interesting parts of it.
At first, | wanted to put the whole thing here, but when | was finally happy with
the set of nice small features, fool-proof checks, and workarounds for corner-
cases, | realized that | needed six pages just to print the listing. So you better
grab the source code and try it out. You’ve already seen several basic usages of
Animator. Besides, the source code for this chapter contains a few completed
examples.

Animator has several properties, each with a getter and setter. Debugging code
that doesn’t work well on an Android device might be a very tough experience
(read Appendix A to learn how to deal with it) with hours and hours spent in
console.log output. That’s why it makes a lot of sense to write a foolproof code
that checks that restrictions on the parameters are met. Animator checks every
parameter before assigning it to the field (see Listing 4-30).

Listing 4-30. An Example of Setting the Parameter of Animator—It Checks the Range

_p.setDuration = function(duration) {
// Do not allow to change the parameters
//if animation is running
this. throwIfStarted();

if (duration < 1) {
throw "Duration can't be < 1";

this. duration = duration;
¥
No one will likely try to launch the Animator with an explicit duration of 0, but if
the value for the duration is somehow generated, or received via network, it is
technically possible to get to such a condition. The question is: what happens
next? Possibly the best way to deal with it in the code is to throw an exception
and notify the programmer about the problem. Allowing an unacceptable
parameter to pass might do no harm, but more often than not, it will cause
unpredictable bugs that are hard to track. This approach is called 7a// fast.

Notice the first line of the function. We don’t want the Animator to be
reconfigured on the go since it may cause errors as well. If the user is trying to
set a property while the animator is running, he will get an exception.

Following the same approach, we define setter and getter for other properties
too.
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duration: The duration of one loop of animation.

repeatCount: The number of loops; can be an integer or -1 for
infinite looping.

repeatBehavior: Either Animator.RepeatBehavior.LOOP
(default) or Animator.RepeatBehavior.REVERSE. Default
behavior means that after reaching the end of the animation,
Animator starts the next loop from 0 again and moves to 1; it
is “playing forward” each time. REVERSE means that animator
switches the direction on every loop. For example, even loops
go from 0 to 1, while odd loops go from 1 to 0. This model is
often referred to as “play forward, then backward.”

acceleration: The fraction of time to accelerate.
deceleration: The fraction of time to decelerate.

The acceleration and deceleration values deserve a better explanation. When we
use the approach that we’ve discussed, the fraction value moves from 0 to 1
with a constant rate. The rate is determined by the overall time of animation and
it doesn’t change during the loop. This approach is good for animating the
frames of a sprite, but it has its limitations when it comes to physical processes.

Car movement that is animated in that manner looks unrealistic: the vehicle that
was standing still a moment ago now moves 80 miles per hour! In the real world,
it will first accelerate, then move with constant speed, and then decelerate. Or
accelerate, continue to accelerate, accelerate a little more, and then hit a wall if
it's a crash test.

To simulate events from the real world, we need to operate with acceleration
and deceleration. The values that are used in Animator are fractions of the
animating time— from 0 to 1. If we have an animation that runs for 1000
milliseconds, for example, and we set acceleration to 0.5 and deceleration to
0.3, we see the following behavior: the car starts at a speed of 0 (standing still);
the speed increases during the first 500 milliseconds (acceleration of 0.5 means
half of the time, or 500 milliseconds); then it runs at a constant speed from 500
to 700 milliseconds; and then it decelerates back to 0.

The heart of the animator is a function called update(). We keep track of the
time spent between the scene repaints and pass that value to the update
function. This function returns a fraction, and we know how to use it already.
Let’s peek into the code for this function. It is the most important part of
Animator, shown in Listing 4-31.
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Listing 4-31. The Update Function: the Heart of the Animator

/ *%k
* This function should be called by the external timer to update the state
* of the animator.
* @param deltaTime - time passed since the last update. 0 is valid value.
*/

_p.update = function(deltaTime) {

// Will return undefined

if (Vthis. started) {
return;

}

// If the animator is paused we pass 0 as deltaTime // like nothing has changed
if (Vthis. running) {

deltaTime = 0;
}

this. timeSinceloopStart += deltaTime;

// If we exceeded the loop time, we must take care of what to do next:
// adjust the direction of the animation, call hook functions etc.
if (this. timeSinceloopStart >= this. duration) {

// Just in case, we skipped more than one loop,

// determine how many loops did we miss

var loopsSkipped = Math.floor(this. timeSinceloopStart/this. duration);
this. timeSinceloopStart %= this. duration;

// truncate to the number of loops skipped. Even if we skipped 5 loops,
// but there was only 3 left, we don't want to fire extra listeners.
if (this._repeatCount != Animator.INFINITE
88 loopsSkipped > this. repeatCount - this. loopsDone) {
loopsSkipped = this. repeatCount - this. loopsDone;

// Call the hook for each of the skipped loops
for (var i = 1; i <= loopsSkipped; i++) {
this. loopsDone++;
this. reverseloop = this. repeatBehavior ==
Animator.RepeatBehavior .REVERSE && this. loopsDone % 2 == 1;
this. onLoopEnd(this. loopsDone);
}

// Check if we reached the end of the animation
if (this. repeatCount != Animator.INFINITE
88 this. loopsDone == this. repeatCount) {
this. onAnimationEnd();
this.stop();
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return;

}

// If this is the loop that is going backwards // reverse the fraction as well
var fraction = this._timeSinceloopStart/this. duration;
if (this. reverseloop)

fraction = 1 - fraction;

// Give away for preprocessing
// (acceleration/deceleration, easing functions etc)
fraction = this. timingEventPreprocessor(fraction);

// Call update
this. onUpdate(fraction, this. loopsDone);
return fraction;

};

The first two lines check that the animation is running. If the animator is paused,
then we just recalculate the last result by setting deltaTime to zero. For the
paused animator, time has stopped. It might look like a waste of resources since
the last value can be cached and returned straightaway, but you rarely need to
pause a single animator. If the whole game is paused, usually you will not
update at all. So it is OK to waste some CPU cycles here and save a couple of
cycles for a regular case.

Next, the Animator looks at the amount of time that has passed since the start of
the loop. If this number exceeds the duration of the loop, the Animator goes to
the next loop (or ends the animation). Note that we pay special attention to the
case of skipping more than one loop. This case is not as impossible as it looks.
Remember, when the browser tab is inactive, the requestAnimationFrame()
doesn’t execute its callbacks. Also, the Android stock browser pauses timer
activities when you hide the browser window. It is quite possible to get an
update after several seconds of inactivity, and skip a few dozen animator loops.
If the game is not paused for the time of inactivity, it must do its best to show
the consistent state.
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NOTE: This side effect is very useful. It allows us to identify when a long time has
passed since the last update and treat it as an “auto pause.” If deltaTime in our
animate function is greater than 1000 milliseconds, for example, it means that the
user switched to a different tab or he had to hide the browser window in his Android
device. For action games where the user can lose because of inactivity, it might be a
good idea to enter a pause mode instead of allowing him to taste bitter defeat.

When we know the number of loops that we've skipped, we can check if the
animation has finished working, check if the current loop is going forward or
backwards, and perform other housekeeping tasks. After that, we are ready to
calculate and return the fraction value.

Have you noticed these four functions: _onLoopEnd(), onAnimationEnd(),
_timingEventPreprocessoxr(), and onUpdate() All of them, except for
timingEventPreprocessor(), do nothing. These are hook functions that are
inserted to allow you to extend the functionality of Animator without breaking
into its code. We will speak about extending Animator in a minute.

Now here’s a slightly more advanced example useful for testing motion. The
code in Listing 4-32 draws a bullet (a filled and stroked circle) and animates the
movement from point (50, 50) to point (300, 50). You can play with the different
animator parameters here to determine what works best for you.

Listing 4-32. Moving a Bullet with the Animator, More Custom Properties

animator = new Animator(1000);

animator.setRepeatCount (Animator.INFINITE);
animator.setRepeatBehavior (Animator.RepeatBehavior.REVERSE);
animator.setAcceleration(0.8);
animator.setDeceleration(0.15);

animator.start();

var lastUpdate = new Date();

var startX = 50;
var endX = 300;

function animate(t) {
var now = t || new Date().getTime();
var deltaTime = now - lastUpdate;
lastUpdate = now;

var fraction = animator.update(deltaTime);
var x = (1 - fraction)*startX + fraction*endX;
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ctx.fillStyle = "white";
ctx.fillRect(0, 0, canvas.width, canvas.height);

drawBullet(x, 50, ctx);
requestAnimationFrame (arguments.callee);

animate(0);

function drawBullet(x, y, ctx) {
ctx.fillStyle = "darkred";
ctx.strokeStyle = "black";
ctx.lineWidth = 4;
ctx.beginPath();
ctx.arc(x, y, 15, 0, 2*Math.PI, false);
ctx. fill();
ctx.stroke();

}

See how easy it is! Take some time to play more with it. Try changing the size
and create a pulsating effect. Or change the size and color at the same time.
Draw and try to animate a cartoon-like bomb that’s anxious to explode or a
spaceship that shoots missiles. Use your imagination.

Extending Animator

Let’s get back to the hook functions that | mentioned. They are empty in the
default implementation of Animatoxr, but their main use is to give you the chance
to extend it with your own cool features.

Let’s utilize our sprite once more and create an extended version of Animator
that can automatically set certain properties of an object; for example, change
the height of an arbitrary object from 30 to 150 pixels, hiding the formulas
inside. Wouldn’t it be nice to write some code like this? We will use the hook
functions to plug the custom logic into the default Animator implementation
without changing the code for the class.

When you design the API for other developers, it is usually a good idea to think
about the ways to customize your logic. Each developer has his own vision of
what kind of trickery your class should perform. Instead of trying to predict every
possible use case, add a few extension points as Animator does, and allow
other developers to implement their own ideas while leaving your class
consistent. Listing 4-33 shows the code from a client’s perspective.
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Listing 4-33. PropertyAnimator: The Class That Can Set Any Property of the Class Within the Animation

animator = new PropertyAnimator (1000, [{
"setter": setHeight,
"start": 30,
"end": 100

b

"setter": setTransparency,
"start": 50,
"end": 255

);

animator.setEasingFunction(function(fraction) {
return fraction*fraction*fraction;

N3
animator.setRepeatCount(Animator.INFINITE);

animator.setRepeatBehavior(Animator.RepeatBehavior.REVERSE);
animator.setAcceleration(0.8);
animator.setDeceleration(0.15);

animator.start();

For each property that animator has to change, you pass the name of the setter
function, the starting value of the property, and the end value. The rest of the
work is left for a framework. (What? Aren’t two classes enough to call it a
framework?)

Let’s make the task even harder and add a support for custom functions to alter
the value of the fraction before passing it to the setter. The usual animation
rules just aren’t enough for this exceptional object and | demand it to grow with
a quadratic, nay, cubic increase!

NOTE: The function that does preprocessing of the fraction value is often called an
easing function. You can achieve a lot of very exciting animation effects even with the
simplest easing functions. The code that applies acceleration and deceleration is a
type of easing function too. Have a look at jQuery Ul Effects
(http://jqueryui.com/demos/effect/easing.html) for some inspiration on
using easing functions. The pictures are interactive, so click to see different
animation effects.

Unfortunately, there are not enough pages in this book to cover everything I'd like to.
And since easing functions are a bit of a geeky topic, | leave it to your independent
exploration.

Let’s try to extend our Animator to match these requirements. Of course, we
don’t want to touch the base class and add more and more code there—it will

169
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eventually become too big and slow. That’s why we create a new class called
PropertyAnimator.

The constructor goes first, as usual. We need just two parameters and two extra
properties to support the new features (see Listing 4-34).

Listing 4-34. The Constructor of PropertyAnimator

function PropertyAnimator(duration, props) {
Animator.call(this, duration);

this. props = props;
this. easingFunction = null;

}

Next, we need the setter for the easing function. You should check if the
parameter that is passed to your setter is valid. The restrictions for the easing
function are (1) it should be a function that takes one parameter as the
argument, and (2) it returns a number between 0 and 1. The only restriction that
we can test in the setter is that the new value is a function, as shown in

Listing 4-35.

Listing 4-35. Setter for Easing Function

_p.setEasingFunction = function(easingFunction) {
this. throwIfStarted();
if (typeof easingFunction != "function") {
throw "easingFunction must be a function”;
}

this._easingFunction = easingFunction;
};
Don’t forget to call the _throwIfStarted() from the parent class—we must be
sure that we don’t break things in the middle of the animation loop.

That was the easy stuff. Now we need to do two things:

Apply the new easing function on top of the
acceleration/deceleration.

When the fraction is calculated, pass it to the setters of
objects.

A piece of cake with our hook functions (see Listing 4-36). The one for
preprocessing values, _timingEventPreprocessor(), is the best place to apply
custom easing. And the other one, called _onUpdate(), lets us perform custom
actions before finishing the update.
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Listing 4-36. Providing Custom Hook Functions to Add New Features to the Animator

// Called before returning the fraction value, redefining this function we
// set the custom easing behavior instead of default one
_p._timingEventPreprocessor = function(fraction) {
fraction = Animator.prototype. timingEventPreprocessor.call(this, fraction);
if (this. easingFunction) {
fraction = this. easingFunction.call(this, fraction);
// In case if easing function returns the value more than 1 or less
// than 0, trim it to fit the allowed interval
if (fraction » 1)

fraction = 1;
if (fraction < 0)
fraction = 0;

return fraction;

};

// Called after the fraction is calculated, at the end of update function. This
// hook allows to perform few extra actions before returning the fraction value.
// In our case, we call setters of the object

_p._onUpdate = function(fraction) {

this. props.forkEach(function(item) {
item.setter.call(this, (1 - fraction)*item.start + fraction*item.end);
}, this);
5

That was easy enough. Now it is your turn. Think of a cool animation effect and
try to implement it. Play with the different easing functions. What if you use
Math.sin or Math. cos, or both? It might look cool, you know! There are two
examples of using Animator available together with the other source code for
this chapter. The first example, 06.animator.html, shows the simple movement
between two points. The second example, 07.swinging_axe.html, shows how to
combine the change of position, angle, and size of the sprite to get the effect of
a swinging axe.

Congratulations! Now you know not only the basics of animation, but also some
advanced features too. But animation is not yet a game; the user needs a way to
interact with the game world. And that’s exactly what we’ll do in the next
chapter!
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Summary

In this chapter, we learned the basics of image loading and animation. We
started with loading the image. We learned two ways of getting image data to
the browser—from the file and from the data URI. We learned how to handle the
possible loading errors that may happen in real life, like breaks in connection or
the absence of the file on the server. We learned how to organize the sprite
sheet and how to render the image on canvas.

The next step was to master the animation from the very simple change of
frames on the screen to the more complex subjects, such as optimizing the
“consistency” of animation, dealing with the acceleration and deceleration, and
custom easing functions.

We briefly overviewed the class that supports most of the techniques described
in this chapter—the Animator (the full source code comes with the other
materials for this chapter). We learned how to use Animator to decouple the
code that updates the state of the animation (the fraction) from the code that
renders the new state on the screen, which changes the frame or the position of
the element.

Knowing how to handle the animation is still not quite enough to make the
completed game—but we’re almost there! The essential part of the game is the
interaction between the player and the game world. In the next chapter, we learn
how to react to user input and let the player control the characters on the
screen.
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Chapter

Event Handling and
User Input

This chapter is devoted to several important topics: handling user input,
implementing custom event handlers, and building comfortable game controls.
The main goal is to provide you with some solid knowledge of available input
mechanisms and inspire you to create a seamless and natural interface between
the player and the game world.

The patterns of input are quite different between mobile devices and desktop
browsers. Touchscreens provide a more intuitive way to control the interface,
not only in games but also in regular applications. It is more natural to touch a
button with your finger, even if the button itself is just a rectangle of glowing
pixels on the screen. It is more natural to point to the place on the game map
where your new building should appear, or to send your troops into battle,
drawing the direction of the attack straight on the battlefield.

Touch interfaces have made huge progress towards intuitive and user-friendly
controls, since they provide a direct interaction between the user and the UL
Even a two-year-old kid can deal with touchscreens, whereas the mouse and
keyboard require more skill.

The browser input API is built around events, event emitters, and event listeners.
The idea of passing small messages (or “events”) to the listeners whenever
something important happens with the object is not unique to input handling.
For example, the JavaScript class responsible for communication with the
server may use events to notify other classes that a new message has just been
posted to a certain chatroom. The chat Ul that listens to events would then
update itself and show the new message to the user. In this chapter, we will look
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into the details of this architecture and learn how to build our own
implementation suitable for most game development purposes.

The knowledge of the basics allows us to build more-advanced input models
like drag-and-drop, joystick emulation, and so on. We will learn how to
implement “picking,” the selection of a complex shape with a mouse or touch
action.

In summary, our goal is to learn the following:
How to build the custom event emitter
The differences between the mouse and touch interfaces

How to build the abstraction layer to hide the details of the
underlying input system (mouse or touch) and use the lowest
common denominator

How to implement drag-and-drop
How to find a suitable solution for pixel-perfect object picking

How to simulate a joystick on a web page

Browser Events

Touch devices give the user a completely different interaction experience than
regular desktop computers, which are controlled with the mouse and keyboard.
It should come as no surprise that the browser events are different too. In this
section, we will learn the strengths and weaknesses of both types of controls.
Afterwards, we will try to build a common input handling interface to hide the
details of the underlying system from the rest of the game.

Desktop Browser vs. Android Browser Input

Whereas a desktop user is limited to the mouse and keyboard (which act like
“mediators” between the person and the computer), the mobile gamer can do
much more: rotate and shake the device, touch and slide the screen, move
along the streets of the real world in order to complete the game objectives,
take photos, and stream video.

Of course, mobile controls are not perfect either: they fail fast when it comes to
activities that are common to the keyboard. A good example is the input for e-
mail; typing text is easier to accomplish with a physical keyboard. Let’s review
the pros and cons of mobile controls to know how to use its strengths and avoid
its weaknesses.
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Strengths of mobile controls:

Mobile controls feel more natural. The user points with his
finger rather than a mouse cursor; he feels more like he’s
interacting with the objects of the game world.

Mobile devices support multitouch. It is like having 10 mouse
pointers!

Mobile devices have accelerometer and gyroscopes that allow
the device itself to be used as a controller.

Weaknesses of mobile controls:

The user doesn’t have a decent keyboard. Even typing a name
is somewhat problematic.

A mouse has several different types of interaction (hovering,
clicking, right-button clicking, scrolling wheel), whereas touch
has only tap and slide.

A mouse has more buttons; some models even have 20 or so.
With keyboardless touch interface, you have only one
“button” —tapping. The regular way to add at least one more
way to interact with the Ul is long press, but that’s the most
that you can count on. Everything else must be compensated
either by using on-screen buttons, gestures, or multitouch
interactions.

Most Android devices do not expose multitouch capabilities to
the browser (except for a few Motorola devices, but not quite
as you expect them to).

Android devices do not expose the gyroscope and
accelerometer data to the browser.

As you see, two points from the first list are instantly negated by the lack of
browser support. Unfortunately, that’s exactly how the Android stock browser
works, which is why the set of games that you can actually make playable are
limited to games that you can control with the mouse having a single button.

The state of things is about to change. The most recently published Android
version (4.0 at the time of writing) brings some light into the world of HTML5
games. The accelerometer and gyroscope are becoming available to game
developers. As for now, you can still use it, but only in web pages packed as
native Android applications. (Tools like Apache Cordova, which we’ll look at in
Chapter 15, expose this API to JavaScript.) It is not the best choice, but it is
certainly better than nothing. Right now, we will work with the stock browser



176

CHAPTER 5: Event Handling and User Input

and try to find the lowest common denominator for mobile and desktop input
models.

Using Events to Catch User Input

Let’s start with the most basic question about our motivation: why do
applications implement events and event handlers? Being an experienced
developer, you probably know the answer already: the reason to build the event
system is to decouple components from each other. For example, instead of
directly notifying a particular object about the state change, the button
component can instead fire the event. Any subscribed party would know that
the button state has changed and would react accordingly. The button doesn’t
have to know about its subscribers’ types: the only thing it knows is that a
subscriber has the function that needs to be called when something important
happens.

In terms of JavaScript and DOM, an event is the browser’s reaction to the
change of its state or external actions. You click the button, the event is fired.
You swipe your finger, another event is fired. The page is loaded, and one more
event is fired. To see how many different events there are, open Google
Chrome, press F12 to go to the Developer Tools window, and open the Script
tab (see Figure 5-1). In the right pane, expand Event Listener Breakpoints and
examine events. As you can see, browser events are categorized by type:
keyboard, mouse, control, and more. There are events for almost any occasion.

Figure 5-1. A fragment of the long list of browser events
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Event Object

In terms of JavaScript, an event is a normal object that is passed to the
registered event listener. The event object has fields and methods just like any
other object that you use. The fields of the event object bring extra information
about what happened. If the user taps the screen, for example, the fact that it
has happened is not enough to perform a meaningful action. You also need to
know the coordinates of the tap. Figure 5-2 shows the relation between the
event emitter and listeners. The event object carries the details of the event—
the coordinates of the tap or the state of the button—depending on the situation
and the type of event.
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Figure 5-2. The event mechanism explained. The emitter sends a special object called “event” to the
registered listeners. That way, the listeners know that something important has happened.

NOTE: For many years, cross-browser event handling was really painful. Browsers
had completely different models for handling them. JavaScript books used to have a
special chapter or two to explain how to build a road made from known hacks and
workarounds to the happy cross-browser event handling. Now it looks a lot better.
First of all, there are many high-quality libraries that have the enchanted event
handling already implemented. In fact, every serious library that positions itself as the
“essential toolset for the developer” has it.

In addition, browser vendors are finally standardizing their software.

Nevertheless, the problem is still far from being solved. Even in the simple application
that we create in this chapter, we need to implement a small hack to support mobile
Firefox (we will need Firefox in Chapter 9 to try out WebGL).

The event object also has several methods that are used to control the behavior
of the event (more about this shortly).
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Registering for Events: DOM Attributes

Now let’s write some code and see how event handling works. Listing 5-1
shows one approach to event handling.

Listing 5-1. Event Handling: The Old Way

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<meta name="viewport"
content="width=device-width, initial-scale=1.0, maximum-scale=1.0,
user-scalable=no, target-densitydpi=device-dpi"/>

<style>
html, body {

overflow: hidden;
width: 100%;
height: 100%;
margin:o;
padding:0;
border: 0;

</style>
<script src="js/utils.js"></script>
<script>
function init() {
console.log("document is loaded");

</script>
</head>
<body onload="init()">
<canvas id="mainCanvas" width="20px" height="20px"></canvas>
</body>
</html>

Wait! But isn’t that the code from Chapter 2 that we use all the time?!

Exactly! It is extremely hard to write a useful JavaScript program without dealing
with events at all. | had to use them before introducing them. Shame on me.

Let’s review the code. We added the onload parameter to the body tag of our
HTML document. The value of the parameter is a fragment of JavaScript code.
We could put several calls there, separated by a semicolon. However, we put
just a single call to the init() function. This technique can (but really shouldn’t)
be used on most DOM elements. Find the event name, put “on” before it, and
type the code that you need:
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onclick="alert('bad style')";

Why is it considered bad style? Developers always try to structure and separate
things. HTML is meant to be the language of markup. It describes the semantics
and the structure of the document. HTML should not be responsible for anything
else: dynamic behavior (we have JavaScript for it) or styles (we have CSS for it).

By putting the event handling code straight into HTML, you violate this rule. The

code will soon become messy and harder to maintain.

From a purely practical point of view, the main limitation of this approach is that
you can’t put multiple event handlers this way. The DOM tree can’t have two
attributes with the same name.

Registering for Events: Event Listeners
Now let’s look at a better way of subscribing to events, shown in Listing 5-2.
Listing 5-2. The Correct Way to Work with Events

var el = document.getElementById("mainCanvas");
function onCanvasTouchStart(e) {
console.log("touch");

el.addEventListener("touchstart”, onCanvasTouchStart, false);

Each DOM element has the addEventsListener() function, which does exactly
what it says. It registers the function passed as the second argument as the
event listener of the DOM element. In Listing 5-2, el is the canvas element that
will receive the new listener. The type of the event is touchstart, and the event
listener is onCanvasTouchStart() —a function that prints a message to the
console. Now onCanvasToushStart() will be called whenever there is a new
touchstart event triggered on el.

Note that listener function has an argument too: it is called “e”. This is one of
the cases when a single-letter parameter name is just fine. Everybody knows
that e means either exception or event, and 99 percent of the time, it is quite
obvious what it is from the context.

After the event is processed by the listeners registered on an element, it is sent
to the direct parent node. The event then triggers any listeners of the
appropriate type registered on that node. Then the event goes to the parent of
the parent and so on until it reaches the top of the hierarchy. This behavior is
called bubbling—an event like air bubbles in a glass of water, which move from
the bottom to the surface. But instead of water layers, the event moves through
the levels of DOM hierarchy: from one level to another until it reaches the top.
Then the browser performs a “default action” for that event.



180

CHAPTER 5: Event Handling and User Input

The default action is what the browser normally does with the input; for
example, the default action when clicking the <a> tag is navigating to a new
page. The default action for the Tab key is moving focus to the next focusable
element. For regular web pages, these actions are what the user wants;
however, not for a web game. A tap on the canvas highlights the whole element;
for example, it marks it with a border and plays a “click” sound with a rather
noticeable and annoying delay. This is not what the user wants when he plays
Four Balls.

A browser has two functions to control the normal event flow:

stopPropagation() stops the event from going to the next
levels of DOM hierarchy

preventDefault() makes sure that browser wil/ not do the
default action. It is simply saying to ignore the event.

The code that calls both of these functions looks like the following snippet:

a.addEventlListener("click", function(e) {
e.stopPropagation();
e.preventDefault();

}, false);

If a variable is an <a> DOM node, then the browser will never navigate that link
because of preventDefault(). The parent of <a> will not receive the click events
that happened on <a> because of stopPropagation(). We will use this technique
in our API to restrict the normal flow of events that are intended solely for the
main canvas element.

Getting More from Events

Many interesting things are hidden inside this little “e” that is passed as the
parameter to every event listener. For the touchstart event, “e” has the array
called targetTouches. In turn, every element of targetTouches has parameters
called pageX and pageY, the coordinates of the touch relative to the top-left
corner of the page.

Let’s use this knowledge now and create a simple app that draws a bullet on a
canvas when the user taps it (see Listing 5-3). This is a simple but quite useful
exercise; you instantly see if event handling works and what you can expect
from it: does the device in your hands support multitouch, and if so, how many
touches can it process simultaneously?
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Listing 5-3. Detecting Touches on DOM Element

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<meta name="viewport"
content="width=device-width, initial-scale=1.0, maximum-scale=1.0,
user-scalable=no, target-densitydpi=device-dpi"/>

<style>
html, body {

overflow: hidden;
width: 100%;
height: 100%;
margin:o;
padding:0;
border: 0;

}
</style>
<script>
function init() {
var canvas = initFullScreenCanvas("mainCanvas");
var ctx = canvas.getContext("2d");
canvas.addEventListener("touchstart”, function(e) {
for (var i = 0; i < e.targetTouches.length; i++) {
drawBullet(
e.targetTouches[i].pageX,
e.targetTouches[i].pageY, ctx);
}
e.stopPropagation();
e.preventDefault();
}, false);
}

function drawBullet(x, y, ctx) {
ctx.fillStyle = "darkred";
ctx.strokeStyle = "black";
ctx.lineWidth = 4;
ctx.beginPath();
ctx.arc(x, y, 15, 0, 2*Math.PI, false);
ctx.fill();
ctx.stroke();

}
function initFullScreenCanvas(canvasId) { /* omitted */ }

function resizeCanvas(canvas) { /* omitted */ }
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</script>
</head>
<body onload="init()"»>
<canvas id="mainCanvas" width="100" height="100"></canvas>
</body>
</html>

The most important part of the code is bolded. For each detected touch, we
draw a small circle right under the user’s finger. If you tap the canvas with two
fingers and see only one circle, it means that this browser doesn’t support
multitouch. The code for this simple touch test is available with the source code
for this chapter in a file 01.touch_test.html.

NOTE: The targetTouches is not a real array, even though it looks like one. It
doesn’t have the array methods like forEach or splice. Objects like these
sometimes are called pseudo arrays.

The code in Listing 5-3 only works for touch-enabled devices. The demo will not
work on your regular desktop since desktop browsers don’t fire touch events;
they have click events instead. Besides, you have only one mouse pointer; that’s
why you will not have the targetTouches array of coordinates in an event, just
one (x, y) pair.

Handling the Differences Between Touch and Mouse
Interfaces

Usually we want the code to run not only on Android touch devices, but also on
regular desktop systems. Aside from the obvious motivation to make your game
available to more people, programmers tend to use desktop browsers for most
of their development and debugging. That’s why it is important to handle input
correctly in both types of platforms.

Let’s update the code a little and make it work in Google Chrome too. First of
all, we need to detect whether we're dealing with a regular or touch-enabled
device. The trick is to check whether the browser knows about touch events
(see Listing 5-4). If it does, then chances are that you are on a touch device.

Listing 5-4. Checking the Type of Device: Touch Device vs. Regular Browser

* Checks if we're working with the touchscreen or with the
* regular desktop browser. Used to determine, what kind of
* events should we use:
* mouse events or touch events.
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*/
function isTouchDevice() {
return ('ontouchstart' in document.documentElement);

The important line is bolded. We are checking whether the ontouchstart listener
is available in the current context. If it is available, the document.document-
Element will have the ontouchstart among its keys. That means that the
browser is aware of touch events and supports them. Add the code for this
function to the utils. js file in your project because we will often need it. The
upcoming listings that rely on this function assume that it is available.

NOTE: There are many other ways to test for the touchscreen support. Have a look at
http://modernizr.github.com/Modernizr/touch.html to get an idea of
other approaches. This page is the part of Modernizr project, a lightweight feature-
detection library. If you need to test for more browser features (like WebSockets or
XHR2 support), consider using this little gem: http://modernizr.com.

Now let’s modify the code so that clicking the canvas in Google Chrome works
too (see Listing 5-5). The full example, available with the source code for this
chapter, is a file called 02.touch_and_mouse.html.

Listing 5-5. Adding Support for a Desktop Browser

function init() {
var canvas = initFullScreenCanvas("mainCanvas");
var ctx = canvas.getContext("2d");

if (isTouchDevice()) {
canvas.addEventListener("touchstart”, function(e) {
for (var i = 0; i < e.targetTouches.length; i++) {
drawBullet(e.targetTouches[i].pageX, e.targetTouches[i].pageY,

ctx);
e.stopPropagation();
e.preventDefault();
}, false);
} else {

canvas.addEventListener("mousedown”, function(e) {
drawBullet(e.pageX, e.pageY, ctx);

e.stopPropagation();
e.preventDefault();
}, false);
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Mouse events have only one pair of coordinates associated with each event.
That’s why they don’t have a special object like targetTouches. The coordinates
are stored straight in the event object.

pageX and pageY are the coordinates of the event relative to the page, and not
the canvas. This approach works well as long as canvas is in the top-left corner
of the page (which it is in most of cases). If you add other elements (debug divs,
FPS counters, or a simple margin), our demo will break. We need to do a little bit
of extra work to calculate the correct canvas coordinates within the page.
Listing 5-6 shows the code that does that.

Listing 5-6. Getting the Coordinates of Event When Canvas Is Not in the Top-Left Corner of a Screen

if (isTouchDevice()) {
canvas.addEventListener("touchstart"”, function(e) {
for (var i = 0; 1 < e.targetTouches.length; i++) {
drawBullet(e.targetTouches[i].pageX - canvas.offsetLeft,
e.targetTouches[i].pageY - canvas.offsetTop, ctx);

}
e.stopPropagation();
e.preventDefault();

}, false);

} else {

canvas.addEventListener("mousedown”, function(e) {
drawBullet(e.pageX - canvas.offsetleft, e.pageY - canvas.offsetTop, ctx);
e.stopPropagation();
e.preventDefault();

}, false);

The new code takes into account the position of canvas on the page:
offsetlLeft and offsetTop are the parameters that hold the position of the
element relative to the page. Now the demo will run fine ... on the stock browser.
On mobile Firefox, it doesn’t work. Why? Because Firefox doesn’t have pageX
and pageY properties. It has a completely useless pair of clientX and clientY
coordinates that hold the position of an event relative to the current browser
viewport. If a page is scrolled, the demo is broken once again. That's where
browser-specific hacks come into play. The final version of our demo looks like
Listing 5-7. To demonstrate that scrolling doesn’t break the coordinates, | had to
switch back from the game page skeleton used in Chapter 3 (see Listing 3-3) to
the plain HTML5 skeleton that doesn’t restrict scrolls and doesn’t force the
fullscreen canvas (like in Listing 3-1).



CHAPTER 5: Event Handling and User Input 185

Listing 5-7. The Final Version of the Input Demo

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8" />
<script src="js/utils.js"></script>
<script>
function init() {
var canvas = document.getElementById("mainCanvas");
var ctx = canvas.getContext("2d");

// Fill canvas, to see where it is
ctx.fillStyle = "lightgray";
ctx.fillRect(0, 0, canvas.width, canvas.height);

if (isTouchDevice()) {
canvas.addEventListener("touchstart"”, function(e) {
for (var i = 0; 1 < e.targetTouches.length; i++) {
var coords = getInputCoordinates(e.targetTouches[i],
canvas);
drawBullet(coords.x, coords.y, ctx);

e.stopPropagation();
e.preventDefault();

}, false);

} else {

canvas.addEventListener("mousedown”, function(e) {
var coords = getInputCoordinates(e, canvas);
drawBullet(coords.x, coords.y, ctx);
e.stopPropagation();
e.preventDefault();

}, false);
}
function getInputCoordinates(e, element) {
return {
x: (e.pageX || e.clientX + document.body.scrollLeft) -
element.offsetLeft,
y: (e.pageY || e.clientY + document.body.scrollTop) -
element.offsetTop
}
}

function drawBullet(x, y, ctx) {
ctx.fillStyle = "darkred";
ctx.strokeStyle = "black";
ctx.lineWidth = 4;
ctx.beginPath();
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ctx.arc(x, y, 15, 0, 2*Math.PI, false);
ctx.fill();
ctx.stroke();

}

</script>
</head>
<body onload="init()"»>
<div style="height: 250px"></div>
<canvas id="mainCanvas" width="400" height="400"></canvas>
</body>
</html>

As you see, we have created a special function to extract the click coordinates
from the event object. In the case of the desktop browser, it uses the event
itself, while for a touch interface, it uses one of the targetTouches. The code for
this example is included in the 03.click coordinates.html file with the sources
for this chapter.

NOTE: In Chapter 3, | mentioned that the most typical HTML page structure for a
game is a canvas that takes all available space. Cases when you have the scrollbars
in such page are quite rare, especially on mobile devices. It is good, however, to have
a more “bulletproof” code that handles these cases too, especially when it is a
matter of adding only couple of lines.

The code in the last listing doesn’t look all that nice: there are a lot of boilerplate
lines there that should be hidden under a nice API. Besides that, touch and
mouse events look very similar, but they are handled in a different manner. For
example, touchstart works exactly like mousedown. Semantically they both mean
the “start of interaction.” Other events are related also: mouseup works like
touchend since they both mean “end of interaction;” mousemove is like touchmove,
they both represent “dragging.” If we could get rid of differences and make the
APl with just three events—up, down, and move—then the event handling code
would shrink to just a few lines, such as:

input.on("down", function(e) {
drawBullet(e.x, e.y, ctx);

};

To do that, we need to introduce our own events, different from what the
browser proposes by default.
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Custom Events

Applications with complex internal logic usually need separate mechanisms for
handling their custom events. Imagine a typical casual game: the character
jumps around the level, avoiding enemies and collecting coins to gain more
points. The types of events that such a system may use are coin_collected,
level completed, or level _restarted. These events are not valuable outside of
the game engine; they have nothing to do with mousemove or touchstart events.
They do not have to be propagated to the other DOM components or processed
by the browser in any other way.

NOTE: There are two different concepts that share the name Custom Events. The first
concept is the CustomEvent, the interface described in the DOM Level 3 Events
Specification (www.w3.o0rg/TR/DOM-Level-3-Events/#interface-
CustomEvent). It is used to add new types of events to the DOM. The other meaning
of this term is “completely DOM-independent event APL." In this section, we are
speaking about the second type of events, even though our goal can be reached with
both approaches. From a purely architectural point of view, it would be slightly better
to use the CustomEvent, but for the sake of explaining the important concept, |
chose the second path.

Let’s look at the code in Listing 5-8, which shows how we might use custom
events in the game (the functionality that supports it is implemented in the next
section of this chapter). The levelManager is some object that loads the level
and tracks when it is completed by the player. It has two custom events: loaded
and finished. The client APl makes use of these events to perform the special
actions of placing the coins throughout the level and reporting level progress. An
object can have many listeners for the single type of event. In Listing 5-8, there
are two listeners for loaded event. One places the coins and the other prints
some debug output to the console.

Listing 5-8. An Example of Custom Events

// "on" is the alias for "addEventlListener"

// it reads more natural

levelManager.on("loaded ", function(e) {
var coins = getCoins(e.levelNumber);
placeCoins(coins);

D;

levelManager.on("loaded", function(e) {
console.log("level " + e.levelName + " started");
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};

levelManager.on("finished", function(e) {
var numCoins = getCoins(e.coinsCollected);
console.log("You have found " + numCoins +

};

Obviously, your custom events don’t have to represent user input or relate
somehow to the browser events. Now let’s write the code to support this
functionality.

coins");

Custom Event Listeners and Emitters

Building a custom event handling system is usually not a hard task. There are
certain architectural decisions that you need to make before doing it, but even in
the most complex cases, the task is not too challenging. In this section, we will
build such a system. Let’s start with EventEmitter, the base class for every
entity that can fire events.

EventEmitter: The Base Class

Start by thinking about the architecture of the future solution. The design of the
event system determines how natural it looks in your code, how easy it is to
write, and the number of extra features it has. The following are few decisions to
make:

Implement event bubbling or use the “plain” subscription
model?

Should listeners have only one argument (the event object) or
allow any number of arguments?

Should memory leaks protection be implemented or not?

Let’s examine this list. The first point makes sense when your game
components form complex hierarchies (like the DOM tree of the browser) and
events from the lower levels of hierarchy must “bubble” up to the higher levels.

The second point is more a matter of personal preference: do you want to allow
event listeners like onNewCoin(x, y, coinType) instead of
onNewCoin(newCoinEvent)? The multiarguments approach looks better, since it
specifies the parameter names right in the declaration of the listener, but it has
its own drawbacks. If the listener is only interested in the last argument, it still
needs to declare all of them. Besides, you add a little extra bit of coupling; the
components that emit events must know the number and the order of
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arguments that listeners expect. This author’s personal preference is to use the
single-argument approach.

The last point is inspired by Node.js (we will look at this wonderful tool in
Chapter 10). The EventEmitter implementation of Node has a listener threshold,
or the maximum number of listeners that is considered “safe.” If the number is
exceeded, it looks like a memory leak, and EventEmitter throws an exception.
Sometimes this technique is useful for detecting programming errors; more than
ten listeners is likely a cleanup problem that leads to memory leaks.

The code in Listing 5-9 shows how to implement the basic EventEmitter class
without any of the extra features. If your project requires more functionality, you
can always add it on top of this class. EventEmitter holds the array of listeners
for each event type and calls them in order whenever the emit is fired. The class
allows you to add listeners and remove a single listener, all listeners for a given
event type, or all listeners. The code is quite straightforward and well-
commented. I'm sure you’ll find your way through it.

Listing 5-9. EventEmitter, the Base Class for the Event-Firing Objects
/¥

* EventEmitter is the class responsible

* for holding the registry of listeners

* and notifying them about the new events

*/
function EventEmitter() {

this. listeners = {};
}

_p = EventEmitter.prototype;

/**
* Registers the function as the listener to receive the notifications
* about the events of the given type
* @param type the type of the event
* @param listener the function to add to the list of listeners
*/
_p.addListener = p.on = function(type, listener) {
if (typeof listener !== "function")
throw "Listener must be a function”;

if ('this. listeners[type]) {
this. listeners[type] = [];
}

this. listeners[type].push(listener)
};

Jx*
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* Unsubscribes the given listerer from the given event type
* @param type the type of the event
* @param listener the function to remove from the list of listeners

*/
_p.removelistener = function(type, listener) {
if (typeof listener !== "function")
throw "Listener must be a function";
if (!this. listeners[type])
return;
var position = this. listeners[type].indexOf(listener);
if (position != -1)
this. listeners[type].splice(position, 1);
};
/**

* Remove all listeners registered for the given type of the

* event. If type is omitted, removes all listeners from the object.
* @param type the type of the event (optional)

*/

_p.removeAlllisteners = function(type) {

if (type) {
this. listeners[type] = [];
} else {
this. listeners = {};
}
b
¥k

* Notifies all listeners subscribed to the given event type,
* passing the event object as the parameter
* @param type the type of the event
* @param event the event object
*/
_p.emit = function(type, event) {
if (!(this. listeners[type] 8& this. listeners[type].length)) {
return;
}

for (var i = 0; i < this. listeners[type].length; i++) {
this. listeners[type][i].apply(this, event);
}

};
When EventEmitter is ready, look at the sample emitter built on top of it in
Listing 5-10.
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Listing 5-10. Implementing the Concrete EventEmitter

function LevelManager() {
EventEmitter.call(this);
}

extend(LevelManager, EventEmitter);
_p = LevelManager.prototype;

_p.loadLevel = function(levelNumber) {
// do the level loading
this.emit("loaded",
{levelNumber: levelNumber, levelName: levelNames[levelNumber]});

};

As you see, it is now a matter of few lines of code to fire the custom events in
the application.

NOTE: This is the first time in the book that we used inheritance. If you don't feel
comfortable with this code, refer to the “Object-Oriented Programming” section in
Chapter 1. The extend function should already be in your utils. js file. If it is not,
you can find the copy of utils. js along with other sources for this chapter.

Events vs. Callbacks

In the Chapter 4, we used a slightly different approach to decoupling the
components of API and sending notifications. Remember the code that loaded
images with the ImageManager class?

this. imageManager.load({
"house-1": "img/house-1.png",
"house-2": "img/house-2.png",
}, function() {
/* loading done, continue */

R

Instead of sending the events, ImageManager accepted a special parameter: the
callback function used to notify the external API that images are loaded. Is there
any difference between these two approaches? Both of them rely on a particular
function (listener or callback) to notify the world about an important event, and
both approaches serve the same goal: decoupling emitter from the listeners.
They look quite similar.

In fact, ImageManager can be easily rewritten to also use the EventEmitter that
we just created. The client code would then look like Listing 5-11.
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Listing 5-11. ImageManager, the Version That Uses Events Instead of Callback

var onDone = function(event) {
// do something when loading is done;
};

imageManager.addEventListener("done", onDone)
imageManager.addImage("star", "img/star.png");
imageManager.loadImages();

The differences between these approaches are the cases when they are used.
The goal of callback is to deliver the result of a single asynchronous function call
to the program. The callback is usually associated with the single call of the
method and it is not retained after the call has finished the execution. The event
listener is more permanent: it is associated with the object and not with the
function call.

You can mix both approaches in a single class, of course. The ImageManager
could fire events whenever a new image is added to the list, for example. At the
same time, it could pass the callback along with every image. This way, the
client can track the loading of a specific image (with the help of callback) and
the overall/loading progress (with the help of listener), as shown in Listing 5-12.

Listing 5-12. The Example of InageManager That Uses Both Callbacks and Events

var onImageAdded = function(event) {
console.log(event.imageName + " added to the list ");
};

imageManager.addEventListener ("imageAdded"”, onImageAdded);

// Need to track this image, once it is loaded we will show it
imageManager.addImage("main", "img/main.png", function(ok) {
if (ok) {
// The main screen is loaded, display it
}

};

// No callback here, this image is not that important
imageManager.addImage("star", "img/star.png");
imageManager.loadImages();

Now we have enough instruments to implement the event handling API that will
hide the differences between touch and mouse-based input and allow us to
focus on writing the game, rather than dealing with the specifics of the events.
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Custom Events

The idea behind the custom event APl is to provide the “least common
denominator” interface to touch and mouse events. There are three pairs of
events that work almost the same way: mousedown-touchstart, mousemove-
touchmove, and mouseup-touchend. The word “almost” is what makes the
developer’s life harder. Let’s start by analyzing events once again to discover
what they have in common and what the differences are.

The first major difference is the targetTouches object. It is only available for
touchscreens, but since Android browsers do not support multitouch widely yet,
this difference can safely be ignored. Multitouch support is not relevant now, but
later it is easy to deal with.

The following are three event groups:

down events: Represented by the mousedown and touchdown
events. They mark the start of an interaction: the user touched
the screen or pressed the mouse button. When the user is in
this state, he can perform one of two actions: start to move
the controller (a mouse or a finger) or release it instantly with a
“click.”

up events: Represented by mouseup and touchend. They work
the same way, except that touchend doesn’t provide the
coordinates of the place where the user released her finger.
There is no touch anymore; it means that there can be no
coordinates (mice don’t have this problem, since the cursor
remains on the screen and the coordinates of mouseup make
perfect sense). To simulate the same behavior as for the touch
events, we have to track the last known coordinates of the
touch, and provide them when the user releases his finger.

move events: Represented by mousemove and touchmove. The
most important difference is that a mouse can have two types
of movement: hovering (moving the cursor while the button is
not pressed) and dragging (moving the cursor when the button
/s pressed). We have to ignore hovering since there’s no
analog for touchscreens. We also have to track the state of the
button in order to distinguish between hover and drag when
using a mouse.

move events deserve a little bit more attention. down and up events are relatively
simple: they are fully described by a pair of coordinates: x and y, where the
event happened. Movement has a slightly more complex nature. For the client
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API that deals with movement, it is usually not enough to know the current
position of the cursor. You also need to know the deffa, the change in position
since the last movement event. That way, the client API can calculate the
velocity of the movement, for example. Our goal is to build a convenient and
easy-to-use API so that basic information like deltas is available out of the box.
Figure 5-3 shows the delta value.

Last known
pos
delta X |
Move |
delta ¥
Start Delta |

Current
pos

Figure 5-3. Delta value: The actual “amount” of movement. This parameter is often used in game
development.

The other important issue is that the user can accidentally start “movement”
when he doesn’t really want to. Without special handling, every microscopic
movement is treated as a “drag” operation, and not a “click” operation. Our
anatomy works in the way that our fingers are trembling a little bit all the time,
even if you can’t see it, but highly sensitive touch interfaces often detect
movement instead of a click. It is rather hard and annoying to use such an
interface, especially when both of these actions have different meanings in the
game.

In practice, the problem of micromovements is solved by assigning a special
movement threshold, a radius around the place where you initially tapped the
screen. All movements inside this area are considered to be unintentional and
are ignored, as shown in Figure 5-4. The interaction starts at point A, and a
couple of milliseconds later, the API detects the movement to B. Since B is
within the threshold, it is considered to be an unintentional micromovement and
is ignored. Next, the interaction is detected at point C. Since C is beyond the
threshold, it means that the user is actually trying to move the pointer.
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. 8 Threshold
e o radius

Figure 5-4. The illustration of threshold. Since B is within the threshold, it is considered to be an
unintentional micromovement.

Now we are ready for the implementation of our APIl. We will make two classes:
MouseInputHandler and TouchInputHandler. Both of them will act as event
emitters and event listeners at the same time. They will listen to the raw DOM
events of the canvas object and transform these events to our custom
representation: down, up, and move events.

Figure 5-5 illustrates this concept. TouchInputHandler and MouseInputHandler
act like middlemen who listen to browser events and emit platform-independent
custom events. Depending on the system, these events are created either from
mouse events or from touch events. The InputHandler is a convenience class: it
is created at runtime, and it is either the TouchInputHandler or
MouseInputHandler.



196

CHAPTER 5: Event Handling and User Input

Game
down ml.rg up down o8 up
InputHandler
TouchlnputHandler MouselnputHandler
e touchstart * mousedown
* touchmove * mousemove
e touchend * mouseup
A T A A
touchstart touchend mousedown mouseup
| touchmove | mousemove
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Figure 5-5. The architecture of event handling API:

These two classes have a lot of common code since browser event models are
not that different. It makes sense to extract a common parent out of them and
put the basic handling code there. MouseInputHandler and TouchInputHandler
can then implement only changes. The base class is called InputHandlerBase.

Implementing InputHandlerBase

Let’s write some more code now. The structure of the InputHandlerBase is
relatively simple. It extends EventEmitter. It fires custom events up, down, and
move—providing the lighter interface to the browser’s event system.

Take a look at the code for the constructor in Listing 5-13.

Listing 5-13. Constructor for InputHandlerBase

function InputHandlerBase(element) {
EventEmitter.call(this);

// The DOM element
this._element = element;

// Last known "move" coordinates, to calculate deltas
this. lastMoveCoordinates = null;

// flag that indicates that we passed the "movement" threshold
// if true, then this is the real movement, not trembling
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this. moving = false;

// the value of the move threshold in pixels as explained on Figure 5-4
this. moveThreshold = 10;

// If the listener should call stopPropagation/preventDefault on
// DOM events
this. stopDomEvents = true;

extend
(InputHandlerBase, EventEmitter);
_p = InputHandlerBase.prototype;

As you see, there are only five fields in this class. Two of them, moveThreshold
and _stopDomEvents, are “settings” that can be changed during the lifecycle of
the object by getters and setters. The code for simple getters and setters is
omitted from the listing.

The next function input event. This version completely ignores multitouch; it
works only with the first element of the targetTouches array (see Listing 5-14).

Listing 5-14. The _getinputCoordinates Function Retrieves the Coordinates from the Input Event,
Ignoring Multitouch

_p._getInputCoordinates = function(e) {
var element = this. element;
var coords = e.targetTouches ? e.targetTouches[0] : e;

return {
x: (coords.pageX || coords.clientX + document.body.scrolllLeft) -
element.offsetleft,

y: (coords.pageY || coords.clientY + document.body.scrollTop) -
element.offsetTop

};
};
The core functions of InputHandlerBase are functions that transform DOM
events into the more usable form: _onUpDomEvent(), onDownDomEvent (), and
_onMoveDomEvent(). TouchInputHandler and MouseInputHandler will use them as
the base and add small tweaks on top.

We start with the _onDownDomEvent () function shown in Listing 5-15. It acts like a
listener for the normal DOM event: touchstart or mousedown. It transforms the
browser event to the custom down event and instantly fires it. It also saves the
coordinates of the start of interaction. We need them later to check whether the
user passed the move threshold.
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Listing 5-15. _onDownDomEvent: Transforming “Start of Interaction” Events to the Custom Form
/ *3%
* Listens to the "down" DOM events: mousedown and touchstart.
* @param e DOM Event
*/
_p._onDownDomEvent = function(e) {
// We must save this coordinates to support the moveThreshold - this
// may be the starting point of the movement, we can't simply
var coords = this. lastMoveCoordinates = this. getInputCoordinates(e);

// Emit "down" event - all coordinates together with the
// original DOM event are passed to listeners
this.emit("down", {x: coords.x, y: coords.y, domEvent: e});

// Usually we want to stop original the DOM events from further browser processing.
this. stopEventIfRequired(e);

};

Next comes the _onUpDomeEvent () function shown in Listing 5-16. It is slightly

more complex. As the name implies, it works with the movement events:

touchmove and mousemove. _onUpDomeEvent’s main task is to keep track of deltas

and threshold. If the distance from the down event to the current point is more

than threshold, then this is not a micromovement. Once the break of threshold

occurs, we don’t need to check against it anymore. The _moving flag is reset

once movement is over.

Listing 5-16. _onMoveDomEvent Keeps Track of Movement and Checks If Threshold Is Breached
/ *3%
* Listens to the "move" DOM events: mousemove and touchmove. This function
* is slightly more complex. It keeps track of the distance travelled since the last
* "move" action, besides it ignores the movement and swallows the event if we are
* still within the _moveThreshold
* @param e DOM event
*/
_p._onMoveDomEvent = function(e) {
var coords = this. getInputCoordinates(e);

// Calculate deltas
var deltaX = coords.x - this. lastMoveCoordinates.x;
var delta¥Y = coords.y - this. lastMoveCoordinates.y;

// Check threshold, if the distance from the initial tap to the current position
// is more than the threshold value - qualify it as a real movement
if (!this._moving 8& Math.sqrt(deltaX*deltaX + deltaY*deltaY) >
this. moveThreshold) {
this. moving = true;

}
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// If the current interaction is "moving" (we crossed the threshold already)
// then emit the event, otherwise, just ignore the interaction.
if (this. moving) {
this.emit("move", {x: coords.x, y: coords.y, deltaX: deltaX, deltaY:
deltaY, domEvent: e});
this. lastMoveCoordinates = coords;

}

this. stopEventIfRequired(e);
};

The next function is _onUpEvent, the listener for the touchend and mouseup events
shown in Listing 5-17. Its job is very simple: transform the event into the custom
form and reset the _moving flag. The movement is over, and the next one will
track the threshold again.

Listing 5-17. _onUpDomEvent: Function That Takes Care of the End of Interaction and Clears _moving
flag
/**
* Listens to the "up" DOM events: mouseup and touchend. Touchend
* doesn't have any coordinates associated with it so this function
* will be overridden in TouchInputHandler
* @param e DOM Event
*/
_p._onUpDomEvent = function(e) {
// Works exactly the same way as _onDownDomEvent
var coords = this. getInputCoordinates(e);
this.emit("up", {x: coords.x, y: coords.y, moved: this. moving, domEvent: e});
this. stopEventIfRequired(e);

// The interaction is ended. Reset the flag
this. moving = false;

};

The code for the last utility function in this class, _stopEventIfRequired(), is
pretty straightforward (see Listing 5-18). It stops the propagation of the browser
event and prevents the default action, as we discussed.

Listing 5-18. Stopping the Event: Usually the User Doesn’t Want the Default Browser Behavior in
Addition to the Game Behavior

_p._stopEventIfRequired = function(e) {
if (this. stopDomEvents) {
e.stopPropagation();
e.preventDefault();
}
};

The InputHandlerBase class defines the common flow for the API. When the
user starts the interaction (doesn’t matter how exactly, either clicking the mouse
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or touching the interface) the down event is fired. While the user is holding the
controller, the class ignores all move actions that fall inside the threshold radius,
since most likely these actions are not intentional. If the user reaches the
threshold, the action is qualified as “movement” and InputHandler starts to fire
move events. Finally, when the user ends his interaction, the up event is fired.

As you see, the custom events that we use do not expose any unnecessary
platform details. Moreover, the class supports a little bit of extra functionality:
_moveThreshold and tracking deltas for move events.

Given this common base, the implementation of concrete handlers is not hard at
all. Let’s start with the MouseInputHandler. The only way it is different from the
default behavior is that you have to track whether the button is pressed before
firing move events (we will ignore mouse movements without the pressed button
since there is no direct analog in a touch interface).

Creating MouselnputHandler

Start with the constructor. The MouseInputHandler should use the custom
listeners that we just build to keep track of browser events. The code is shown
in Listing 5-19.
Listing 5-19. Initializing MouselnputHandler: Custom Listeners Keep Track of Mouse Events
/¥

* The implementation of the InputHandler for the desktop

* browser based on the mouse events.

*/
function MouseInputHandler(element) {

InputHandlerBase.call(this, element);
this. attachDomListeners();

}

extend(MouseInputHandler, InputHandlerBase);
_p = MouseInputHandler.prototype;

/**
* Attach the listeners to the mouseXXX DOM events
*/
_p._attachDomListeners = function() {
var el = this._element;
el.addEventListener("mousedown", this. onDownDomEvent.bind(this), false);
el.addEventListener("mouseup”, this. onUpDomEvent.bind(this), false);
el.addEventListener("mousemove", this. onMoveDomEvent.bind(this));

};
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Now the MouseInputHandler can be used; it transforms every mouse event into
the custom form. But it doesn’t work quite right. It fires the move event for every
mouse movement, no matter if the button is pressed or not. We agreed that
mouse fires move events only when the button is down, because the touchmove
in Android is most closely represented by the drag action in a mouse interface.
Start by adding the flag that tracks the button state to the constructor (see
Listing 5-20).

Listing 5-20. Adding the Flag to Track the Button State

function MouseInputHandler(element) {
InputHandlerBase.call(this, element);

// We need additional property to track if the
// mouse is down.

this._mouseDown = false;

this. attachDomListeners();

}

Now override all event listeners, as shown in Listing 5-21. _onDownDomEvent ()
sets the _mouseDown flag to true, onUpDomEvent() sets the flag to false, and
_onMoveDomEvent () checks the flag before firing event.

Listing 5-21. Tracking the Mouse Button State and Firing the move Event Only When the Button Is
Pressed
/%%
* This method (and the next one) is overridden,
* because we have to track the state of the mouse.
* This could also be done in the separate listener.
*/
_p._onDownDomEvent = function(e) {
this._mouseDown = true;
InputHandlerBase.prototype. onDownDomEvent.call(this, e);

};

_p._onUpDomEvent = function(e) {
this._mouseDown = false;
InputHandlerBase.prototype. onUpDomEvent.call(this, e);

};
/**
* We process the move event only if the mouse button is
* pressed, otherwise the DOM event is ignored.
*/
_p._onMoveDomEvent = function(e) {
if (this._mouseDown) {
InputHandlerBase.prototype._onMoveDomEvent.call(this, e);
}

};
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The final touch is to get rid of the small, side effect of button-tracking. If you
move the cursor away from the canvas while the button is pressed, and then
release it elsewhere, the canvas will not get the mouseup event and
MouseInputHandler will still think that the button is down. When you return back
your cursor, the canvas reports every movement again. Fortunately, it is quite
easy to reset the flag once the cursor leaves the canvas, as shown in

Listing 5-22.

Listing 5-22. Resetting the Button Status Once the Mouse Leaves the Canvas

_p._attachDomListeners = function() {
var el = this. element;
el.addEventListener("mousedown", this. onDownDomEvent.bind(this), false);
el.addEventListener("mouseup”, this. onUpDomEvent.bind(this), false);
el.addEventListener("mousemove”, this. onMoveDomEvent.bind(this));
el.addEventListener("mouseout”, this._onMouseOut.bind(this));

};

_p._onMouseOut = function() {
this._mouseDown = false;
};

But what if the mouse button is notreleased outside of canvas? Well, the user
will have to release and press the button again. But this is the small issue: when
the user leaves the canvas, he realizes that he’s not interacting with it anymore.
To restore the interaction, a typical user would repeat the process from the
beginning: move the cursor to canvas, press the button, and drag. In practice, it
is far less annoying than the “stalled” mouseDown flag.

When you finish implementing this class, you can instantly test how the new
event handling works! Of course, the demo runs only on a desktop with the
mouse. The touch part is yet to be built. But look at how clean the new code in
Listing 5-23 is!

Listing 5-23. Test of Custom Input Events

function init() {
canvas = document.getElementById("mainCanvas");
ctx = canvas.getContext("2d");

var canvasInputHandler = new MouseInputHandler(canvas);
canvasInputHandler.on("up”, function(e) {
drawBullet(e.x, e.y);

s

resizeCanvas();

}

function drawBullet(x, y) {
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ctx.fillStyle = "lightblue";
ctx.strokeStyle = "darkgray";
ctx.lineWidth

55

ctx.beginPath();

ctx.arc(x, y, 15, 0, Math.PI*2, false);
ctx. fill();

ctx.stroke();

}

The code that is required to handle events has been reduced from 20 lines to a
mere four. Moreover, the browser-specific code is moved to the internals of APL.
The implementation of MouseInputHandler is available with the sources for this
chapter in a file called MouseInputHandler. js.

Finally, we can implement the TouchInputHandler, a class responsible for touch-
enabled browsers.

Creating TouchInputHandler

TouchInputHandler solves a different problem. The standard browser touchend
event doesn’t have any associated coordinates; the targetTouches is just
empty. This is sometimes inconvenient. For example, in the previous listing we
used the up event to put the token on the canvas. If we use the standard
touchend instead, we’d have to track every other event! We’d have to use
touchstart and touchmove to keep track of the /ast known coordinates and use
them to paint the token. This is a lot of code that the core game should not care
about. Let’s put it into the separate class.

The idea behind it is the same as for MouseInputHandler, but instead of the
button’s state, it tracks the last known coordinate of interaction. The code in
Listing 5-24 shows the class implementation. The full code can be found along
with other examples distributed with this book in TouchInputHandler.js. This
class uses the same idea as MouseInputHandler: take the base implementation
of event listeners and modify them for their own needs. But instead of tracking
the button state, this class tracks the last known coordinate of the input event.

Listing 5-24. TouchinputHandler Has to Track the Last Known Coordinates of Input to Report Them in
up Event

function TouchInputHandler(element) {
this._lastInteractionCoordinates = null;
InputHandlerBase.call(this, element);
this. attachDomListeners();

}
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extend(TouchInputHandler, InputHandlerBase);
_p = TouchInputHandler.prototype;

_p._attachDomListeners = function() {
var el = this._element;
el.addEventListener("touchstart”, this. onDownDomEvent.bind(this), false);
el.addEventListener("touchend", this. onUpDomEvent.bind(this), false);
el.addEventListener("touchmove", this. onMoveDomEvent.bind(this), false);

};

_p._onDownDomEvent = function(e) {
this._lastInteractionCoordinates = this._getInputCoordinates(e);
InputHandlerBase.prototype._onDownDomEvent.call(this, e);

};

_p._onUpDomEvent = function(e) {
this.emit("up”, {
x: this._lastInteractionCoordinates.x,
y: this._lastInteractionCoordinates.y,
moved: this._moving,
domEvent: e

D;
this._stopEventIfRequired(e);
this._lastInteractionCoordinates = null;
this._moving = false;

}

_p._onMoveDomEvent = function(e) {
this._lastInteractionCoordinates = this._getInputCoordinates(e);
InputHandlerBase.prototype. onMoveDomEvent.call(this, e);

Now we have classes for both input models. The final touch is to select one,
depending on the capabilities of the browser. Create the new file called
InputHandler.js and add the following single line of code:

var InputHandler = isTouchDevice() ? TouchInputHandler : MouseInputHandler;

This is a small trick that is sometimes used in JavaScript. Depending on the
environment, the InputHandler will be either TouchInputHandler or
MouseInputHandler. This way, you can avoid picking the correct implementation
in the core game files. Because input handling is the separate API, we put all
four files that implement it in a separate folder called “input”.
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Advanced Input

Building the input layer to hide the browser API from the core logic of the game
is only the first step to having good game controls. We’ve learned how to handle
“atomic” input actions (touches, releases, and moves), so now it is time for
slightly more advanced examples.

Drag-and-Drop

Drag-and-drop is a very convenient way to interact with the game designed for
touchscreens. In a game that has a big world map, for example, dragging the
map is the natural way to navigate the world. Besides, drag-and-drop might be
used to move items between the hero stash and inventory, or to build puzzle
games for kids. Moving puzzle pieces with drag-and-drop is the second most
natural way to interact with them—after grabbing them with your hand. This
type of input is used in our next game experiment, the isometric game in
Chapter 7.

Drag-and-drop is very easy to implement. The method consists of the following
three steps:

1. When the user starts the interaction, check whether he selected
a draggable component. If not, abort the process since there is
nothing to drag. If there are many draggable components, mark
the one that is currently active. Let’s call this step Picking.

2. Listen to move events and adjust the position of the component
appropriately. Let’s call this step Moving.

3. When the user finishes the interaction, finish the drag: execute
the game logic behind drag-and-drop (move the item in the
inventory, for example), and then unmark the “active”
component. Let’s call this step Releasing.

Let’s build another demo to illustrate this concept (see Listing 5-25). We will put
several rectangles onto the screen and allow the user to drag them around. All
three phases are easily implementable with our API (the full code is available in
the 02.drag_and drop.html file in this chapter’s examples folder).

Listing 5-25. Implementing Drag-and-Drop

// Picking phase
input.on("down", function(e) {
rectangles.forEach(function(rect, index) {
if (insideRectangle(e, rect))
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selectedIndex = index;
b
b

// Movement phase
input.on("move", function(e) {
if (selectedIndex > -1) {
rectangles[selectedIndex].x += e.deltaX;
rectangles[selectedIndex].y += e.deltaY;

}
};

// release phase
input.on("up", function(e) {
selectedIndex = -1;

};

The movement phase and the release phase are simple; however, the picking
phase has some pitfalls. It is fairly easy to check by the coordinates if the point
falls inside a circle or square. Polygons are a little harder, but still doable. But
what if the objects of the scene have shapes that are more complex? What if
you want to pick an image that has transparent areas that should not be treated
as “material”? Obviously, there are cases that are impossible to implement
using only simple mathematical algorithms. For cases like that, there’s a “pixel
perfect” selection approach described in the next section of this chapter. The
complete source code that implements drag and drop is available in file
04.drag_and_drop.html.

NOTE: The games that we’ll create during the course of the book do not require
pixel-perfect picking. This kind of input, however, is the common problem that many
game developers face. So, | decided to devote a separate section for this question.
Puzzle-assembling games, for example, are almost impossible to implement properly
without it.

Pixel-Perfect Picking and Image Masks

The smallest thing that the user can select is a pixel. Unlike the canvas API,
browser events do not deal with fractional parts of pixels: it is impossible to
select the “left side of the pixel” or the “bottom corner of the pixel.” The task of
picking complex shapes can be formulated in a slightly different way: determine
which figure of the scene the given pixel belongs to. Obviously, if we could do
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that, we could pick any figure with perfect accuracy. It turns out that it is
possible to implement such an algorithm with relatively little effort.

Each pixel has a color. Let’s imagine that we make a game where each shape
has unique solid color. For example, the triangle is blue, the square is red, and
the circle is green. When the user taps the screen, we can instantly tell which
figure is under his finger by getting the color of the pixel and mapping it to the
figure. This can be easily done with the canvas API. First, we need to get the
color of a pixel; if the user tapped the screen in coordinates (51, 73), the code
for the value of the pixel looks like following:

var imageData = ctx.getImageData(51, 73, 1, 1).data;

The imageData is an array that has four elements: a red value, a green value, a
blue value, and an alpha value of the color. With this raw pixel data, we can tell
which image is selected.
if (imageData[2] == 255) {
console.log("Blue Triangle");
} else if (imageData[0] == 255) {
console.log("Red Square");
} else if (imageData[1] == 255) {
console.log("Green Circle");
} else {
console.log("Empty Space");

But most of the games we make have all kind of shapes with all kind of colors.
Most sprites have multiple colors! Does it mean that this technique is useless?
Not at all. Even though the images and shapes have different colors, we can
paint them in the way they are “covered” with the solid color. Before going
further, let’s look at what this means. Figure 5-6 illustrates the idea. We have
two cartoon house images, each having a palette of colors (left image). To make
our technique work, we have to paint the house images, giving each a unique
solid color (right image).

Figure 5-6. Original images (left) and masks (right)
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This technique is called masking and the solid-colored outline of the figure is
often called a mask. In a minute, we’ll see how to create masks; for now, let’s
assume that it is possible.

Each pixel has a color. The color is represented by a 32-bit number, divided into
four 8-bit components: red, green, blue, and alpha. We can easily translate from
the color to its integer value and back. What happens if we give the unique ID to
each figure in the scene and then encode this ID as the color? That’s right. We
get the unique color for every figure on the scene. What if we draw the mask of
each figure with this unique color? The color of the pixel would then represent
the ID of the figure that occupies that pixel! When the user taps the screen, we
only need to translate back the red, green, and blue values of the mask color to
get the integer ID of the shape.

The trick is to implement this technique now.

NOTE: But won't the screen flash with every color of the rainbow once the user taps
it? We need to render those colors afterwards! That's right, we need to render
masks, but the canvas that holds them doesn't have to be the same as your “main”
canvas. In a real game, the canvas for the drawing mask is never visible to the user,
and masks never appear on the screen. All rendering is done in memaory, behind the
SCenes.

Composite Operations

Let’s start with a simple question: how do we draw an image mask? We need to
change every opaque pixel of an image with the opaque pixel that has the color
of the mask. To do it, we use a feature of 2D context called
globalCompositeOperation. It defines the method of drawing the new pixels on
top of existing ones. The default method is called source-over. The new
nontransparent pixels are drawn on top of existing ones, like layers of paint
applied one on top of the other. The pixels that are to be drawn are called the
source and the pixels already on the scene are the destination. Source-over
means “put the source pixels on top of the destination.”

Figure 5-7 shows the components of the operation and the operation result—
the one that you would expect. The house image is painted first; so, the moment
the circle is painted, it is already on canvas. The house is the destination. The
circle is painted second, so it is the source.
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Source-over

Destination Source Result

Figure 5-7. The default composite operation: source-over

This is the natural way of painting things. When you draw the image, you expect
it to appear on top of any existing background images. This rule can easily be
changed, however. If you set the globalCompositeOperation to “source-atop,”

the newly drawn pixels appear only where the background is opaque, like in
Figure 5-8.

Source-atop

4_

Destination Source Result

Figure 5-8. The source-atop composite operation. Source pixels appear over the background only if it
is opaque; everything else is clipped.

That’s exactly what is required to make the image mask! But instead of a circle
with a fancy pattern, we will use the solid-color rectangle that covers the entire
image. We first draw the image (the destination), and then cover it with the color
defined by the unique object ID. This concept is pretty easy yet very powerful.
Figure 5-9 shows how to make the image mask with a source-atop operation.
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Source-atop

Destination Source Result

Figure 5-9. Image mask using the source-atop operation. The solid-colored rectangle covers only
nontransparent parts of the image.

NOTE: There are several other composite operations available for the canvas API. If
you are interested in an in-depth exploration of this topic, have a look at the demo,
called 08.composites.html, which comes with the materials for the chapter. It
shows the effects of every available composite operation. For a more formal
description of the math behind color compositing, refer to the paper by Thomas
Porter and Tom Duff, “Compositing Digital Images.” Computer Graphics 18, no. 3
(July 1984).

Now let’s implement this technique in practice. Let’s start with the two functions
in Listing 5-26.

Listing 5-26. Drawing the Image Mask with the Color Derived from Image ID

function numberToColor(n) {
var hexString = n.toString(16);
// Add padding
return "#" + "000000".substr(0, 6 - hexString.length) + hexString;

}

function drawImageMask(image, x, y, maskColor, ctx) {
var w = bufferCanvas.width = image.width;
var h = bufferCanvas.height = image.height;
var maskCtx = bufferCanvas.getContext("2d");

// Original image painted first. It is dest
maskCtx.drawImage(image, 0, 0);

// set the composite operation
maskCtx.globalCompositeOperation = "source-atop”;
maskCtx.fillStyle = maskColor;
maskCtx.fillRect(0, 0, w, h);
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ctx.drawImage(bufferCanvas, X, y);

}

The first function, numberToColor(), is a small utility that translates the numerical
ID of the object to the color representation suitable for setting the fill style. The
second function uses the invisible bufferCanvas to create the mask for the
image. The solid-color mask is then painted from the bufferCanvas onto the
context passed as a parameter. Instead of painting the image, you can insert
any complex rendering code here since once the pixels are on the context, it no
longer matters what the original source was, whether a PNG image or a
JavaScript routine.

If you paint each image that way, it is fairly easy to grab the color of the selected
pixel and to find the selected shape (see Listing 5-27). The demo that shows
how to render the image mask can be found in the 05.mask.html file together
with the other source code for this chapter.

Listing 5-27. Translating from Color to Figure ID

var imageData = pixelContext.getImageData(x, y, 1, 1).data;

// The black color is default, so we have to draw masks starting from
// color “1” (or take alpha values into the account). To return back

// from color to array index we have to subtract 1 back.

var index = (imageData[0] << 16 | imageData[1] << 8 | imageData[2]) - 1;
console.log(“User selected index “ + index.toString(16));

The bolded bitwise operation might require a little explanation. It restores the
integer number from three-color components. The bits representation of the
color is RRRRRRRRGGGGGGGGBBBBBBBB (the R block is 8 bits for red, the G block is 8
bits for green, and the B block is 8 bits for blue).

The << operation adds the given number of bits to the right of the number, filling
the extra space with zeros. For example, the number 3 in binary formis 11. 3 <<
1 means “add one 0 to the right,” resulting in (110 which is 6) in decimal form.
The whole expression means “take the 8 bits from the element 0 of the array
and put it into the R block; next, take the 8 bits from the element 1 and fill the G
block; and finally, fill the rest with the B block.” This yields the numerical
representation of the value, the operation opposite to what we’ve done in
numberToColor().

The masking operation works only with images that do not have
semitransparent pixels. If the image has translucent areas, the mask will not
retain its original color; instead, it is affected by the transparency of the
destination. To work with such images, they have to be preprocessed in
runtime; the alpha value greater than 0 must be set to 1.
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If you are going to deal with semitransparent pixels, you will have to modify the
code a little and remove the alpha value from the image before applying the
mask. Otherwise, the original color will not be saved and you will not be able to
find the shape index that you are looking for. We can change the values of the
pixels the same way as we read them (see Listing 5-28).

Listing 5-28. Changing the Pixel Data of the Context on the Fly

function drawImageMask (image, x, y, maskColor, ctx) {

maskCtx.drawImage(image, 0, 0);
filterAlpha(maskCtx, w, h);
maskCtx.globalCompositeOperation = “"source-atop”;
maskCtx.fillStyle = maskColor;
maskCtx.fillRect(0, 0, w, h);

ctx.drawImage (bufferCanvas, x, y);

}

function filterAlpha(ctx, width, height) {
var imageData = ctx.getImageData(0, 0, width, height);
var pixels = imageData.data;
// Pixels are stored as RGBA. Alpha values are in every
// fourth cell of the array
for (var i = 0; i < width*height; i++) {
pixels[i*4 + 3] = pixels[i*4 + 3] == 0 ? 0 : 255;

ctx.putImageData(imageData, 0, 0);

}

The code in this section explains only the crucial points of using masks for
picking the object. You can find the full demo in the 06.pixel picking.html file
with the source code supplied with the book.

NOTE: The technique described here can be optimized in many ways; for example,
we can check for the size and position of each image and throw away those that do
not overlap the selected pixel. Besides, we keep the full-size canvas object for
drawing masks while we need only a single pixel. We could instead have a one-pixel-
sized canvas and save some CPU time and memory. These kinds of optimizations are
pretty obvious and they are not hard to implement if you need them in your projects.
Most likely, however, there will not be that many draggable objects to choose from,
and the solution described here will show decent speed.
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Simulating Joystick

The final part of this chapter is devoted to the simulation of real-world game
controls. This is the usual practice for mobile games: trying to make a virtual
version of hardware that is used for input.

Joysticks are used for all kind of games, from space simulators to third-person
shooters. Whenever you need direct control over the game character, a joystick
is probably the best option for a device that lacks multitouch. A virtual joystick is
a circle that is sensitive to touches and moves. There’s a small “stick” inside it
that shows its current position. The player can alter the direction (angle) and the
power (the distance from the center).

The joystick utilizes a polar coordinate system. It doesn’t make much sense to
use Cartesian coordinates for it. The polar coordinate system uses a different
approach to specifying the position of a point in space. Instead of xand y
values, it uses the azimuth and radius. The point with the Cartesian coordinates
(1, 1), for example, have a radius of approximately 1.414 and an azimuth of z /4
in polar coordinates. The relation between these coordinate systems is
illustrated in Figure 5-10.

A

Radius . Azimuth
1.414 . (angle) -Pi/4

Figure 5-10. Cartesian coordinates (x, y) and polar coordinates (azimuth, radius)

The joystick’s output is the perfect example of the case where polar coordinates
are way more useful than the regular system. The “direction” is the azimuth,
while the “power” (the distance from the center) is the radius. This
representation suits the controller tasks much better.

The idea behind the joystick implementation is quite simple: track the touches
and moves of the user and calculate the azimuth and radius of the stick position.
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If the user taps outside of the “active” joystick area, the touch is ignored. Figure
5-11 shows how the simple joystick Ul might look on the web page.

Figure 5-11. The simplistic virtual joystick. The outer circle is the “active” area that the user taps to
control the position of the object. The circle inside it indicates the current position of the stick).

The code is relatively simple; the most important functions are shown in Listing
5-29. The complete implementation is found with the book’s other materials.

Listing 5-29. Implementing Virtual Joystick Control)

_p._onDownOxMove = function(coords) {
// When we receive the "down" or "move" events we save current
// deltas and update radius and azimuth
var deltaX = coords.x - this._x;
var delta¥Y = coords.y - this. y;
this. updateJoystickValues(deltaX, deltaY);
};

_p._onUp = function(x, y) {
// If there's no interaction, restore the idle state
this. updateJoystickValues(0, 0);

b

_p._updateloystickValues = function(deltaX, deltaY) {
var newAzimuth = 0;
var newRadius = 0;

// In case if the joystick is idle, we don't need to proceed with
calculations
if (deltaX != 0 || deltaYy != 0) {
newRadius = Math.sqrt(deltaX*deltaX +
deltaY*deltaY)/this. controllerRadius;
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// User slid too far away, joystick is returned to idle state
if (newRadius > 1) {

deltaX = 0;

deltaY = 0;

newRadius = 0;
} else {

newAzimuth = Math.atan2(deltaY, deltaX);

}
}

// If the values have actually changed, notify listeners
if (this. azimuth != newAzimuth || this. radius != newRadius) {
this. azimuth = newAzimuth;
this. radius = newRadius;
this. deltaX = deltaX;
this. deltaY = deltay;
this.emit("joystickchange", {
azimuth: newAzimuth,
radius: newRadius });

}
};

The first function is called whenever InputHandler detects an interaction— a

click, touch, or movement. It calculates the deltas, or the x and y distance
between the center of the controller and the touch coordinates.

Next, the values of the radius and azimuth are calculated using a few simple
trigonometry formulas. Finally, if the position has changed since last time, the
user is notified about it. The use of the joystick from the game code is even
easier (see Listing 5-30).

Listing 5-30. Adding Joystick to the Game

function init() {
canvas = initFullScreenCanvas("mainCanvas");
ctx = canvas.getContext("2d");

joystick = new Joystick(canvas);

var r = joystick.getControllerRadius();
joystick.setPosition(r + 50, canvas.height - r - 50);
animateCanvas();

}

function animateCanvas() {
var speed = 20;
var joystickRadius = joystick.getRadius();
if (joystickRadius > 0) {
var joystickAzimuth = joystick.getAzimuth();
var xSpeed = joystickRadius*Math.cos(joystickAzimuth)*speed;
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var ySpeed = joystickRadius*Math.sin(joystickAzimuth)*speed;
controlledObject.x += xSpeed;
controlledObject.y += ySpeed;

... the rest of animation code goes here

}

A virtual joystick is a very nice tool, especially for mobile devices. It has usability
issues with desktop browsers, however. The main problem is that you have to
keep the mouse button pressed to move it. If your game is intended for both
mobile and desktop platforms, make sure you think about usability, not only for
touchscreens, but also for the good old mouse and keyboard. The final version
of the joystick demo is available in a file called 07. joystick.html together with
the source code for this chapter.

Summary

In this chapter, we took an in-depth look into browser event handling and user
controls. We learned how the touch interfaces are different from the regular

desktop browser input model. We discovered that dealing with browser events
might be a cumbersome task. It is way better to create a suitable intermediate
API layer that hides the details of the events and exposes the simple interface.

We learned how to build custom event handlers to use inside the game. It often
doesn’t make sense to utilize the heavyweight event model of the browser for
simple tasks like emitting the event object to the direct subscribers.

We developed advanced ways of interaction with the game through drag-and-
drop and the pixel-perfect selection model. Finally, we created the custom
component that simulates the joystick—the hardware used for interacting with
video games since they began.

Now that we’ve completed this chapter, we are ready for the next challenge:
rendering virtual worlds.
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Chapter

Rendering Virtual
Worlds

In the previous chapters, we learned how to render the animation, control the
timing, and react to the user’s input. The next interesting topic is rendering of
the game world. This may be a trivial task if you are creating a game like chess,
but what about role-playing games or strategies where the worlds are huge?
Obviously, keeping the map and the game objects in your smartphone’s
memory is not an option—too much data, too many bytes to send over the net
and too slow to render.

The next two chapters are dedicated to rendering of virtual worlds. First we will
cover the basic techniques of drawing vast 2D spaces on the smartphone
screen. We will explore several different approaches to optimize the rendering
speed as well as volumes of data to transfer between the server and the client.
We will try to focus on motivations behind each technique, discuss when and
why you need to apply each of them. The material of this chapter will lay the
solid ground for building the full-blown isometric engine that we will create in the
next chapter.

In this chapter, we will learn the following:
Tile maps and how to present the world as a grid of tiles
How to render tile maps on the canvas
How to optimize rendering performance

How to render world objects like buildings and characters
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Tile Maps

Tile maps are a very powerful technigue that allows building big and complex
levels using small images called #/es. Imagine that you’re making a massive
multiplayer strategy game that has a huge map of the world with rivers, plains,
forests, and mountains, totaling 100,000 x 100,000 pixels. Good enough for a
massive game. Obviously, we can’t use an image to bring it to the user: there’s
simply not enough RAM to hold a super-map like that either on a mobile device
or on your PC.

It turns out that the vast areas of the map are composed of very similar patterns.
Snow looks almost the same everywhere—it is white and shiny. The same is
also true for desert, grass, water, and similar natural areas. Perhaps we can use
that to optimize our map?

The Idea Behind Tile Maps

Tiles are small images of the same size that are designed to fit each other
without breaking the pattern—that’s how they make up a piece of the map.
Look at Figure 6-1 and you see this concept in action.

Figure 6-1. Tile map in Warcraft 2




CHAPTER 6: Rendering Virtual Worlds

This is a screenshot of the map editor from Warcraft 2. White lines show the
borders of tiles that compose a solid picture. Note that the tiles are aligned to
the grid. If you look closer, you see that tiles are not unique. In fact, they repeat
pretty often. For example, there are only three or four different tiles for forest, a
couple of tiles for dirt, and about a dozen tiles for the border region, where
forest transforms into dirt.

Tiles are designed in a way that the user doesn’t see the borders that separate
one tile from another. Look at the right side of the screenshot that is not covered
by a helper grid, and you’ll see that the forest looks quite natural. Even though
almost all the trees look the same, you don’t recognize the tiled nature of this
image straightaway. Neither will the player.

How does it help us with the super-map problem? Well, let’s use some simple
math. Let’s say we have four types of terrain: snow, forest, plains, and
mountains. Our designer has created four tiles for each, totaling 16 tiles. In
addition, we have around 40 “border tiles” to render areas where one type of
terrain transforms into the other, making the overall number of tiles 56.

If the size of each tile is 64 pixels, we can fit the entire tile set into a 512 x 512
image. So instead of having a monstrous 100,000 x 100,000 map image, we
have a 512 x 512 tile set, which can be easily downloaded by any modern
device.

The next step is to present the world as a grid of tiles. Usually, a level designer
has a special tool for editing the tile maps. Break the world map into 64 x 64
cells and select the appropriate tile for each of them. Now the whole world can
be described by a two-dimensional array. Here is an example of how such array
might look:

var world = |

[2) 2) 2) 8) 2) 2])

[5, 4, 7, 3, 4, 3],

[5, 4, 3, 3, 4, 7]

I;

The real array would be much bigger, of course. The index of the array element
is the coordinates of the cell in the world map (x and y), and the value is the
number of the tile in the tile set. For example, in the array, the value of
world[1][2] is 7. This means that the world map in coordinates (x=2, y=1) is
rendered with the tile number 7 from the tile set. Which tile that is depends on
the concrete set. It can be snow, sand, or forest. Figure 6-2 shows the same
screenshot from the Warcraft 2 map editor; the tile indexes are written over each
cell. This is an example of a world fragment that can be described by our array.
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Figure 6-2. Tile map fragment with the marked tiles

There’s one more advantage to this method: you don’t need to download the
array that describes the whole world map in one piece. Remember the example
that we started with—a huge map for a massive online game? To describe the
map we would need an array of 1500 x 1500 elements. Even though this is way
better than having a monster-size image, it is still considerable traffic and
memory loss. A typical player is not interested in the entire map. He usually
needs to see only the area that surrounds his location; most likely, he will not
move too far away from there. Even if he does start to explore, he receives
portions of the map as he moves forward.

To optimize the map loading even more, we could initially load the area of 50 x
50 tiles around the player. We assume that this piece of map will most likely
satisfy the immediate exploration needs. The rest can be loaded from the server
when the player starts to move or scroll the map. | show how to implement this
technique later in the chapter.

With proper memory management, the size of the “world map” can be virtually
unlimited since it is not stored on the browser; only the piece of map that is
“most important” right now is cached in the client. The rest stays on the server.

Implementing a Tile Map

In this section, we learn how to implement the tile map with JavaScript. We will
start with the simplest possible implementation and then gradually make it
better. In this chapter, we work with square tiles, but, of course, other shapes
are also possible. For example, isometric games use diamond-shaped tiles.
Turn-based tactics games might use hexagon tiles because the calculation of
the distance between hex tiles is more “fair.” Once we created the engine for
square tiles, it is fairly easy to implement the same idea for other geometry, but
the math behind it might be slightly more complex. Figure 6-3 shows the
different shapes of the tiles.
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Square tiles Isometric diamond Hexagonal tiles
tiles

Figure 6-3. The tiles may have different sizes and shapes.

In this chapter, we use a tile-set that you can find in a file called img/tiles.png
that comes along with the source code for this chapter. This tile set has fourteen
40 x 40 tiles which is just fine for our needs. The tiles are taken from the free tile
set from www. lostgarden. com with the kind permission of Daniel Cook. To give
you an idea of how our resources look, they are presented in Figure 6-4.

Figure 6-4. Assets used in this chapter. On the left are tiles for rendering background. On the right are
world objects.

Setup

Let’s start with drawing tiles on the screen without optimizations of any kind.
Right now we are working with a rather small world that is described by the 40 x
40 array. The code is based on the skeleton from Chapter 3 (Listing 3-6), with
the added support of animation from Chapter 4 (Listing 4-24) and event handling
from Chapter 5 (the “Custom Events” section). Listing 6-1 shows the <script>
block—a base for experiments with virtual worlds. The code sets up a typical
game-dev playground: it initiates the image loading, input handling, and
animation loop. For your convenience, this more advanced skeleton is saved in
a folder called setup along with the other sources for this chapter.
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Listing 6-1. Setup for This Chapter

<script>
var canvas;
var ctx;
var imageManager;
var inputHandler;

var images = {
"tiles": "img/tiles.png"
};

function init() {
// Start image loading
imageManager = new ImageManager();
imageManager.load(images, onloaded);

// Init canvas
canvas = initFullScreenCanvas("mainCanvas");
ctx = canvas.getContext("2d");

// Init input and listen to move events
inputHandler = new InputHandler(canvas);
inputHandler.on("move", onMove);

}

/** Once all images are loaded - starts the animation loop */
function onLoaded() {
animate(0);

/** Perform rendering here */

function animate(t) {
clear();
requestAnimationFrame(arguments.callee);

/** Handle map move */
function onMove(e) {

}

/* Clears the canvas with the solid black color */
function clear() {

ctx.fillStyle = "black";

ctx.fillRect(0, 0, canvas.width, canvas.height);

}

function initFullScreenCanvas(canvasId) {/* not changed */}
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function resizeCanvas(canvas) {/* not changed */}
</script>

Now we need to get some sample map data for our virtual world—the array that
describes the level. It is better to put such an array into a separate file, since it
might get quite big. Create the new file js/world.js with content shown in
Listing 6-2. The code in this listing is trimmed to fit the size of the book page;
the full 40 x 40 version of this array can be found in the world. js file along with
the other source code for this chapter.

Listing 6-2. The world.js File That Describes the World That We Will Render

var world = |
[3, 3, 3, 3, 3, 3 3, 3, 3 3, 3, 3, 3],
(3 3, 3, 3 3 3, 3 3 3, 3 3, 3, 3],
[3) 3) o) 1) 1) 1) 1) 2) 3) 3’ 3’ 3’ 3])
[3, 3, 5 6,14, 11,13, 7, 3, 3, 3, 3, 3],
[3) 3) 5) 6) 9) 1) 8) 7) 3) 3) 3) 3) 3])
[3) 3) 5) 6) 6) 6) 6) 7) 3) 3) 3) 3) 3])
[3, 3, 10, 11, 11, 11, 11, 12, 3, 3, 3, 3, 3],

1;

Rendering Tile Maps

Now we are ready to draw the tile map. To do that, we will create the separate
class called MapRenderer. The basic code for drawing a set of square tiles that
form a grid is very simple. To render the world out of tile map, we need to know
three things:

the map data (the array that we just saved in world. js file)
the image to take tiles from
the size of a tile

We use rectangular tiles, so we don’t need the width and height; it is enough to
have only one parameter—tileSize. The constructor of the MapRenderer class
looks quite simple (see Listing 6-3).

Listing 6-3. The Constructor of MapRenderer

function MapRenderer(mapData, image, tileSize) {
this._mapData = mapData;
this. image = image;
this. tileSize = tileSize;

// Coordinates of the map
this. x = 0;
this. y = 0;
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// The number of tiles in one row of the image
this. tilesPerRow = image.width/tileSize;

}

Besides saving the parameters, constructor calculates the number of tiles in one
row of the tile sheet. We will soon need this value to get the coordinates of the
tile inside the sheet. The x and _y variables are the coordinates of the map
itself. When the user moves the viewport, we will change these to render the
map in a new place (see Listing 6-4).

Listing 6-4. Rendering a Grid of Tiles on a Screen

_p = MapRenderer.prototype;

/* Draws the whole map */
_p.draw = function(ctx) {
for (var cellY = 0; cellY < this. mapData.length; cellY++) {
for (var cellX = 0; cellX < this. mapData[cellY].length; cellX++) {
var tileId = this. mapData[cellY][cellX];
this. drawTileAt(ctx, tileId, cellX, cellY);
}
}
};

/* Draws a single tile */
_p._drawTileAt = function(ctx, tileld, cellX, cellY) {

// Position of the tile inside of a tile sheet
var srcX = (tileId%this. tilesPerRow)*this. tileSize;
var srcY = Math.floor(tileId/this. tilesPerRow)*this. tileSize;

// size of the tile
var size = this. tileSize;

// position of the tile on the screen
var destX = this. x + cellX*size;
var destY = this. y + cellY*size;

ctx.drawImage(this. image, srcX, srcY, size, size, destX, destY, size,
size);

b

As you see, drawing tiles is much easier than drawing sprites. A sprite is made
of frames, and each frame has its own size and an anchor point. On the other

hand, all the tiles are of the same size and they don’t need anchor points. The

mathematics behind tiles is not hard at all.
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NOTE: You should be careful when setting tile indices in arrays. If the tile index
exceeds the overall number of tiles, canvas API will not silently ignore the attempt to
copy pixels that fall behind image bounds. An exception will be thrown, and the tile
map will not be rendered properly.

Let’s add a function to move the map around the screen and make our
application a little more interactive. Listing 6-5 shows the code.

Listing 6-5. Moving the Map

_p.move = function(deltaX, deltaY) {
this. x += deltaX;
this. y += deltay;

};

Now we have a class that can render a tile map on the screen. Let’s plug it into
our empty skeleton! Update the functions as shown in bolded code in
Listing 6-6.

Listing 6-6. Updating index.html File to Render the Map

/** Add the variable to hold the map renderer */
var mapRenderer;

/**

* Once all images are loaded - create the map renderer and

* start the animation loop

*/

function onLoaded() {
mapRenderer = new MapRenderer(world, imageManager.get("tiles"), 40);
animate(0);

}

/** Perform rendering here */
function animate(t) {
clear();

// draw the map on the canvas
mapRenderer.draw(ctx);
requestAnimationFrame(arguments.callee);

}

/** Handle map move */
function onMove(e) {
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// Move the map, when user swipes the finger
mapRenderer .move(e.deltaX, e.deltaY);

Launch this example on your Android device or desktop browser to see how it
looks. Not bad, right? Figure 6-5 shows the first version of our virtual world
launched in an emulator.

&http://10.0.2.2/02.html %]

Figure 6-5. The first version of the map

Now think for a moment about the number of CPU loops wasted in each frame.
Right now, we have two problems that make this code extremely ineffective:

We render the whole map each time, no matter if the specific
tile is visible on the screen or not.

Even if the map is not moving, every tile is re-rendered each
and every frame.

We’re going to fix these issues one by one, but first let’s add a small frames-
per-second monitor that show us if we're really optimizing the performance or
just writing lots of useless code. For the task of showing the current frames per
second, | used a tiny yet very handy tool called xStats created by John-David
Dalton (based on the work of Ricardo Cabello).

Measuring FPS

xStats adds a small monitor—an HTML element that displays some useful
statistics about the web page:

fps (frames per second)
time spent per frame

memory usage (for desktop browsers)
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Right now we are most interested in the first parameter—the frame rate. More
frames means that the game runs smoother.

Let’s add xStats to our project to see how many frames per second we can
squeeze out of the device. Download the source from
https://github.com/bestiejs/xstats.js, find the xstats. js file, and put it into
the js folder along with other scripts. All you have to do to make xStats work is
add three lines to the <style> block and add two lines of code to the init()
function. Listing 6-6 summarizes these changes.

Listing 6-6. Adding xStats Element to the Page

<style>
.xstats {
position: absolute;
top: 03
left: o;

}
</style>

function init() {
imageManager = new ImageManager();
imageManager.load(images, onloaded);

canvas = initFullScreenCanvas("mainCanvas");
ctx = canvas.getContext("2d");

inputHandler = new InputHandler(canvas);
inputHandler.on("move", onMove);

var stats = new xStats();
document.body.appendChild(stats.element);

}

And that's it! xStats is possibly the least intrusive API for monitoring the
robustness of the application. Reload the page and you’ll see the running chart
in the top-left corner of a page that displays the current frames-per-second
value. Figure 6-6 shows how it looks (the image is zoomed 2x).
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Figure 6-6. xStats showing the frame rate

You will likely see a constant 60 fps when you run the example in the desktop
browser. It doesn’t mean that it takes as much as 17 milliseconds to repaint the
frame, but rather that the browser is not requesting the repaint more than 60
times a second.

| launched the application on my Galaxy and ... wait—what? Only 27 fps, how
could that happen?! Let’s improve our rendering technique and maybe the game
will run faster. The full example that implements the simplest map rendering and
xStats monitor can be found in a v01 folder along with the other sources for this
chapter.

Optimizing Rendering Performance

The current version of MapRenderer displays the tiled map properly; however, it
does so in a way that is far from optimal. In this section, we try to improve the
rendering performance. We will start with reducing the amount of tiles that we
draw in each frame.

Draw Only What Is Required

Our first problem: we draw the entire world each time, even though the player
needs only a small fragment. Instead of drawing the entire array of tiles, let’s
draw only the visible ones. Figure 6-7 illustrates this idea.
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Figure 6-7. Draw only the tiles that are currently visible in the viewport. Stroked out tiles are the ones
that we will draw.

MapRenderer needs to know the size of the viewport to find out which tiles are
visible. Then, we can calculate the coordinates of the leftmost and rightmost
visible tiles, using this simple formula:

var startX = Math.floor(-this. x / this. tileSize);

The expression -this._x / this._tileSize gives the number of tiles to the left
of the viewport. Since this number can be decimal, we apply Math.floor() to it
to get an integer index of it and receive the x coordinate of the leftmost tile that
the user sees. A similar formula can be used to get the rightmost coordinate:

var endX = Math.floor((this. viewportWidth - this. x) / this. tileSize);

Both startX and endX might fall out of bounds of the world array when the user
scrolls beyond the map. That’s why we need to check bounds and trim values
when needed.

startX = Math.max(startX, o0);
endX = Math.min(endX, this. mapData[0].length - 1);

Use the same formulas to get the topmost and bottommost y coordinates of
visible tiles. Once you have all four—startX, endX, startY, and endY—you know
what exactly the user sees through his current viewport, and thus you can omit
any useless tiles. Let’s implement this change as shown in Listing 6-7.
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Listing 6-7. Drawing Only Visible Tiles

function MapRenderer(mapData, image, tileSize, viewportWidth, viewportHeight) {

this.setViewportSize(viewportWidth, viewportHeight);

}

_p.setViewportSize = function(width, height) {
this. viewportWidth = width;
this. viewportHeight = height;

};

_p.draw = function(ctx) {
// Instead of drawing every tile of the map, check which ones
// are actually visible

// x coordinate of the leftmost visible tile
var startX = Math.floor(-this. x / this._tileSize);
startX = Math.max(startX, 0);

// x coordinate of the rightmost visible tile
var endX = Math.floor((this. viewportWidth - this. x) / this. tileSize);
endX = Math.min(endX, this. mapData[0].length - 1);

// y coordinate of the topmost visible tile
var startY = Math.floor(-this. y / this. tileSize);
startY = Math.max(starty, 0);

// y coordinate of the bottommost visible tile
var endY = Math.floor((this. viewportHeight - this. y) / this. tileSize);
endY = Math.min(endY, this. mapData.length - 1);

// Draw only visible tiles
for (var cellY = startY; cellY <= endY; cellY++) {
for (var cellX = startX; cellX <= endX; cellX++) {
var tileIndex = this. mapData[cellY][cellX];

}
};
You should not forget that canvas could change its size at any time. Users tend
to shake and flip their smartphones and tablets causing the change of
orientation, so your canvas renderer should be aware of such changes. The
code that updates the size of the canvas should also update the size of the
viewport so that MapRenderer has new values to calculate visible tiles. Listing 6-8
shows how to update the index.html file to keep the MapRenderer consistent
with the size of the canvas.
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Listing 6-8. Updating the Size of the Viewport Each Time the Size of the Canvas Is Updated

function resizeCanvas(canvas) {
canvas.width = document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
mapRenderer && mapRenderer.setViewportSize(canvas.width, canvas.height);

function onLoaded() {
mapRenderer = new MapRenderer(world, imageManager.get("tiles"),
40, canvas.width, canvas.height);
animate(0);

Now is a great time to see how it looks on the device! Thirty-four frames per
second! Success! Well ... not exactly. It still can run a lot faster; the problem
that steals the most frames per second from us is when we repaint the entire
map each frame, even when the visible fragment doesn’t change. In other
words, if the user sees the fragment of the map that is 10 x 15 tiles, we perform
150 calls to drawImage() on every frame, and most of the time the drawing
results in exactly the same picture as the frame before. If we could cache the
current state of the viewport and repaint it as a one image when we need to,
we’ll get a huge performance boost. That's the idea behind our next technique.

Offscreen Buffer

What if we simply create another instance of canvas that is exactly the same size
as our viewport, and save the rendered map there? If the user doesn’t move the
map, we can use a pre-rendered snapshot instead. This technique is
widespread in game development since it makes drawing complex patterns
much faster. It is often referred to as the offscreen buffer. It's “offscreen”
because you don’t see the element that holds the cached fragment.

Before diving into the code, take a look at Figure 6-8, which explains the idea.
Now we have two canvas instances instead of one. The second canvas is
invisible, and is not even attached to the DOM. We will call it offscreen canvas. It
holds the last frame that was drawn on the screen. If the user hasn’t moved the
map and hasn’t changed the orientation of the device, then we can use the
“cached” frame and draw it again. Otherwise, the offscreen canvas becomes
invalid (this state is often called dlir?)). We need to update the offscreen canvas
first, and copy the offscreen canvas back on the screen.
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Figure 6-8. Instead of re-rendering the whole set of tiles every frame, we will “cache” the current
frame on the invisible offscreen canvas. If the coordinates of the viewport hasn’t changed, we use the
pre-rendered frame, saving some cycles.

If the user doesn’t move the map, the frame is always the same and we don’t
need to repaint dozens of tiles. Using the offscreen buffer in this case saves
many CPU cycles. Drawing big pictures is preferable in terms of performance,
rather than trying to fill the same area with small tiles. That’s exactly where we
get the performance boost.

Now it’s time for some code. Once again, MapRenderer needs a few extra fields.
Let’s add them (see Listing 6-9).

Listing 6-9. Adding Support for the Offscreen Canvas to the MapRenderer

function MapRenderer(mapData, image, tileSize, viewportWidth, viewportHeight) {

// offscreen canvas
this._offCanvas = document.createElement("canvas");

// context of the offscreen canvas
this._offContext = this._offCanvas.getContext("2d");

// flag that indicates, that a user has moved the viewport
// and the offscreen canvas must be repainted
this._offDirty = true;

this.setViewportSize(viewportWidth, viewportHeight);

}

The first two fields are rather self-explanatory: offscreen canvas and its context.
The third field —_offDirty—is the flag that we raise to indicate that the content
of the offscreen canvas is no longer valid and needs to be repainted.
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We need to keep the size of the offscreen canvas consistent with the size of the
viewport. Besides, if the map has moved, we need to raise the offDirty flag.
The best way to do it is to update the move() method. Listing 6-10 shows how to
implement that update.

Listing 6-10. Keeping the Size of the Offscreen Canvas Consistent with the Viewport and Marking It
Dirty Once the User Moves the Map

_p.setViewportSize = function(width, height) {
this. viewportWidth = width;
this. viewportHeight = height;
this._resetOffScreenCanvas();

};

/**

* Updates the size of the offscreen canvas and marks
* it as dirty
*/

_p._resetOffScreenCanvas = function() {
this._offCanvas.width = this._viewportWidth;
this._offCanvas.height = this._viewportHeight;
this._offDirty = true;

};

_p.move = function(deltaX, deltaY) {
Drawable.prototype.move.call(this, deltaX, deltaY);
this. offDirty = true;

};

Now, the final and most important touch. Update the draw() function and make
it a little smarter. Instead of drawing the tiles straight from the tile map, it checks
if the offscreen buffer is “clean.” A clean buffer means that the user hasn’t
moved the map, and the viewport has not resized; in other words, it means that
the offscreen buffer holds exactly the same image that is required on this frame.
So instead of drawing a piece of the world tile by tile, we can simply copy the
content from the offscreen canvas to the screen.

What happens if the buffer /s dirty? Then we need to perform exactly the same
thing as we did before—render the fragment of the world tile by tile, but this
time on the offscreen canvas. Once this is done, we have a clean buffer again
and can draw it on the screen. Listing 6-11 summarizes these changes.

Listing 6-11. Updating the Draw Function of the MapRenderer

_p.draw = function(ctx) {
if (this._offDirty) {
this._redrawOffscreen();
}
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ctx.drawImage(this._offCanvas, 0, 0);

};

_p._redrawOffscreen = function() {
var ctx = this._offContext;
ctx.clearRect(0, 0, this._viewportWlidth, this._viewportHeight);
var startX = Math.max(Math.floor(-this. x / this. tileSize), 0);
var endX = Math.min(Math.floor((this. viewportWidth - this. x) /
this. tileSize), this. mapData[o0].length - 1);

var startY = Math.max(Math.floor(-this. y / this. tileSize), 0);
var endY = Math.min(Math.floor((this. viewportHeight - this. y) /
this. tileSize), this. mapData.length - 1);

for (var cellY = startY; cellY <= endY; cellY++) {
for (var cellX = startX; cellX <= endX; cellX++) {
var tileIndex = this. mapData[cellY][cellX];
if (tileIndex > -1) {
ctx.drawImage(this. image,

(tileIndex%this. tilesPerRow)*this. tileSize,
Math.floor(tileIndex/this. tilesPerRow)*this. tileSize,
this. tileSize, this._tileSize,
this. x + cellX*this. tileSize,
this. y + cellY*this. tileSize,
this. tileSize, this. tileSize);

}

this._offDirty = false;
};

As you see, most of the code from draw function migrated to the
_redrawOffscreen() function, with the only difference being that
_redrawOffscreen() works with the offscreen context.

That’s it! Now our code is somewhat more complex than it was at the start of
this chapter, so let’s see if it was worth the effort. A stable 45 frames! Way
closer to what we need.

Yet this code has a problem. When the user moves the map, the new version of
the draw() function performs even more work than before. Compare it yourself.
Before the last change, we repainted a few dozen tiles each frame. In the new
version, we don’t do it if the map is s#i/l. If the map is constantly moving, we first
repaint the tiles to the offscreen buffer (the same job as before) and then we
paint the offscreen buffer to the screen. We optimized the case of a still, or not
moving the map a lot (45 frames is very good), but we made the case for moving
the map worse.
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Some games rely on a map that is moving all the time. For example, if the
viewport is tied to the character, the character’s every step also moves the
viewport. Let’s see how we can improve the worst case.

Caching the Area Around the Viewport

So the problem that we’re facing now is the following: since our offscreen
canvas has the same size as the viewport, we have to redraw it on every
movement. Every single pixel is causing the buffer to become “dirty.” Moreover,
we usually repaint the same set of tiles every time. What if we make the
offscreen canvas slightly bigger than the viewport so that it can hold the small
area around the viewport? This way, we could draw a set of tiles and keep them
on the “buffer” until the viewport crosses the next cell of the grid. Once it
happens, we need to draw a new set of tiles. We avoid repainting the same tiles
over and over again. What is important here is that we don’t repaint the buffer
each frame while the user moves the map. We repaint it only when the user
crosses the border of a tile, once per 25-30 frames. That’s how we will fight the
performance drop. Figure 6-9 illustrates this idea.

Offscreen
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Figure 6-9. Further optimization of map rendering. The offscreen canvas holds the area larger than the
viewport; the repainting of the offscreen canvas happens only when the viewport crosses the “pre-
painted” region. We chose the region to cover the integer number of the map cells.

We have to update quite a few methods this time, but the result is worth the
effort. Obviously we need to change the size of the offscreen canvas. This time
we want it to be at least one cell bigger than the viewport so that we redraw it
only when the visible tile set has changed.

We used to redraw the buffer on every movement. This time, before saying that
the buffer is dirty, we need to check if the user has crossed the bounds of the
rendered area. The _updateOffscreenBounds() function in Listing 6-12 does
exactly this.
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Listing 6-12. Checking If the User Has Crossed the Bounds of the Rendered Area

_p._updateOffscreenBounds = function() {
var newBounds = {
x: Math.floor(-this._x / this._tileSize),
y: Math.floor(-this._y / this._tileSize),
w: Math.ceil(this._viewportWidth/this._tileSize) + 1,
h: Math.ceil(this._viewportHeight/this._tileSize) + 1

b

var oldBounds = this._offBounds;
if (!(oldBounds.x == newBounds.x
&% oldBounds.y == newBounds.y
&% oldBounds.w == newBounds.w
8% oldBounds.h == newBounds.h)) {
this._offBounds = newBounds;
this._offDirty = true;
}
b
_updateOffScreenBounds () is called for the viewport’s every move in order to
check if the user has navigated to a new area of the map that hasn’t yet been
rendered in the offscreen context. If the background canvas needs to be
updated, then we raise the offDirty flag. Now, let’s update the functions that
may invalidate the offscreen canvas—move() and _setViewportSize()—as
shown in Listing 6-13. The code is quite trivial.

Listing 6-13. Updating MapRenderer

_p.move = function(deltaX, deltaY) {
this._updateOffscreenBounds();
}

_p.setViewportSize = function(width, height) {
this. viewportWidth = width;
this. viewportHeight = height;
this._reset0ffScreenCanvas();

};

_p._resetOffScreenCanvas = function() {
this._updateOffscreenBounds();
this._offCanvas.width = this._offBounds.w*this._tileSize;
this._offCanvas.height = this._offBounds.h*this._tileSize;
this._offDirty = true;

};

Once you set the new canvas size, the canvas is cleared; that’s why

_resetOffScreenCanvas() explicitly sets the _offDirty. It doesn’t matter if the
actual bounds have changed; there’s no longer content there, so we need to
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draw another. Now that we have defined the bounds of the offscreen canvas,
let’s see how we render it. Next, we have to update the _redrawOffscreen()
function that fills the offscreen canvas with tiles. The changes are minimal:
instead of using this. x and this._y to calculate the set of visible tiles, we use
this. offBounds object, as shown in Listing 6-14.

Listing 6-14. Updating the Offscreen Canvas

_p._redrawOffscreen = function() {
var ctx = this. offContext;
ctx.clearRect(0, 0, this. offCanvas.width, this. offCanvas.height);

var startX = Math.max(this._offBounds.x, 0);
var endX = Math.min(startX + this._offBounds.w - 1,
this._mapData[0].length - 1);

var startY = Math.max(this._offBounds.y, 0);
var endY = Math.min(startY + this._offBounds.h - 1,
this._mapData.length - 1);

for (var cellY = startY; cellY <= endY; cellY++) {
for (var cellX = startX; cellX <= endX; cellX++) {
var tileIndex = this. mapData[cellY][cellX];
if (tileIndex > -1) {
ctx.drawImage(this. image,

(tileIndex%this. tilesPerRow)*this. tileSize,
Math.floor(tileIndex/this. tilesPerRow)*this. tileSize,
this. tileSize, this. tileSize,

cellX*this._tileSize - this._offBounds.x*this._tileSize,
cellY*this._tileSize - this._offBounds.y*this._tileSize,
this. tileSize, this. tileSize);

}

this. offDirty = false;
};

In the previous version of the code, the offscreen canvas was exactly the same
size as the viewport, so we copied the whole buffer to the screen in every
draw() call. This time, the buffer is bigger than the canvas, so we need to
calculate the coordinates of the area that we want to transfer. We have to do
some extra calculations to make sure that we draw the correct pixels. Listing
6-15 shows how to update the draw() method.
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Listing 6-15. The New Draw Method

_p.draw = function(ctx) {
if (this. offDirty) {
this. redrawOffscreen();
}

// Should draw offscreen at

var offCanvasX = -Math.floor(this. x) - this._offBounds.x*this._tileSize;
var offCanvasY = -Math.floor(this._y) - this._offBounds.y*this._tileSize;
var offCanvasW = Math.min(this._offCanvas.width - offCanvasX,
this._viewportWidth);

Math.min(this._offCanvas.height - offCanvasY,
this._viewportHeight);

var offCanvasH

ctx.drawImage(this. offCanvas, offCanvasX, offCanvasY, offCanvasW,
offCanvasH, 0, 0, offCanvasW, offCanvasH);

};

Run the test and enjoy the results! Even though we are running a little slower on
a still image, we get significantly better results for the moving map! My Galaxy S
now holds a steady 45 fps for this demo. The version of the code at its current
state is saved into the v.04 folder along with other code for this chapter.

The same type of optimization can be applied to /oading the blocks of the map
from the server. We have divided the map into few virtual zones: the viewport—
what the user currently sees; the offscreen buffer—what is pre-rendered; and
the rest of the world. The rules are simple: when the user is reaching the end of
a zone, the zone is recalculated (in our case, the offscreen buffer is re-rendered).
But what if we add one zone between the offscreen bufferand the rest of the
world like in Figure 6-107 We store the map data that has already transferred to
the browser in that new zone, and once the user reaches the border, we load
the new data from the server. This is an expansion of the idea that we already
implemented.
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Figure 6-10. Expanding the idea further. If we add the new Loaded to Browser zone, we can track
when the user reaches the border, and load the new portion of the data from the server just in time.

The map is performing reasonably well. Of course, that doesn’t mean that
there’s no room for improvement! In fact, | think that it is quite possible to write
an entire separate book describing the various algorithms of optimization,
squeezing every millisecond of the processor time. But from this point on, you
are ready to implement these algorithms on your own, since you already know
the basic principles of optimizations and can compare the effects of each one.
The optimizations that we implemented in these sections are stored in separate
folders, so by simply opening each demo in your smartphone, you can compare
the effects.

v.01 has code without any optimizations (21 fps for me)

v.02 implemented a “drawing only what is visible” strategy
(34 fps)

v.03 implemented the back buffer (about 45 fps when the map
is not moving; about 30 fps when the map is constantly
moving)

v.04 implemented the caching of a small area around the
viewport (about 4345 fps, depending on whether the map is
moving or not; the performance drop is too small to notice
without an xStats chart).
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World Objects

You have a beautiful world already created by you. But right now, it is only
terrain without trees, animals, or buildings. Let’s add these!

World objects (or entities) are sprites just like the sprites that we’ve seen in
Chapter 4. They are rendered in a different way than tiled terrain. Terrain tiles are
uniform—they all have the same size. World objects can have different sizes—
some of them are bigger, others are smaller. That's why world objects cannot be
aligned into the grid as easily as tiles. In this section, we learn the basics of
rendering the object of a game world. We cover only the basic topics; the next
chapter presents a more advanced solution.

Coordinate Systems

When we work with objects, it doesn’t make much sense to treat them in terms
of screen coordinates as we did for the map. It is much more convenient to
speak about objects in terms of world coordinates. For example, it is natural to
say that the object has moved when it moved inside of the world and changed
its position relative to the map, rather than moved as the result of scrolling. But
world coordinates are not enough to render the object. We need to pass the
screen coordinates to the rendering function to display the sprite in a proper
position. This way, a game object “lives” in several coordinate systems at a
time. Two coordinate systems that we just described are the coordinates of the
world and the coordinates of the screen. Figure 6-11 illustrates this concept.

Figure 6-11. The two coordinate systems for the game object: dashed arrows are screen coordinates;
solid arrows are world coordinates.
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We need to use several different coordinate systems and be able to quickly
translate the coordinates from one system to another one. If the tree is in (1270,
930) of the world coordinates, where should we draw it on the screen? Is it
visible at all? This is an example of translating world coordinates to screen
coordinates. The opposite example—when the user tapped the screen at (50,
120) and we need to tell if there is a tree under the tap. In this case, we need to
translate from screen coordinates to the world coordinates, and check if there is
a tree in a given world position.

The top-down view, like the one that we are exploring right now, is the easiest
view for translating between coordinates. For example, to transform from screen
coordinates to world coordinates, we can write:

worldX
worldY

screenX - mapX;
screenY - mapy,

Where mapX and mapY are the current position of the map on the screen.
MapRenderer for example, stores them as this. x and this. y.

The reverse translation, from world coordinates to screen coordinates, is easy
too:

screenX
screenY

worldX + mapX;
worldY + mapy,

Sometimes you also need to get the position of the tile in the world array given
the click coordinates or world coordinates. For example, a user clicks a map to
build a barracks and the game needs to check the type of the terrain under the
click. If the user clicked a water tile, we shouldn’t allow him to build something
there. This third coordinate system that is often used is called #ile coordinates.

The translation formula is very simple too:

tileX = Math.floor((screenX - mapX) / tileSize);
tileY = Math.floor((screenY - mapY) / tileSize);

As you see, these calculations are not hard at all. That’s because the world
space is very similar to the screen space. This is not always true, however. For
example, the calculations for isometric worlds, constructed from diamond or hex
tiles, are somewhat more involved.

NOTE: The coordinate systems are often called spaces in game development. For
example, the rather wordy phrase “translating from the system of coordinates of the
screen to the system of coordinates of the world” is often called simply “translating
from the screen space to the world space.” We will use these terms interchangeably.
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Implementing WorldObjectRenderer

Now we are ready to implement the WorldObjectRenderer class that handles the
drawing of the objects on the screen. Let’s start with the helper class called
WorldObject that represents the simple drawable entity like a tree or a rock. The
code is shown in Listing 6-16.

Listing 6-16. WorldObject Class

function WorldObject(spriteSheet, frame) {
this. spriteSheet = spriteSheet;
this. frame = frame;
this. x = 0;

this. y = 0;

}
_p = WorldObject.prototype;

_p.getPosition = function() {
return {
x: this. x,
y: this. y
};
};

_p.setPosition = function(x, y) {
this. x = x;
this. y = vy;

};

_p.draw = function(ctx, x, y) {
this. spriteSheet.drawFrame(ctx, this. frame, x, y);
};

WorldObject is a wrapper around the SpriteSheet that associates the world
coordinates with a certain frame of the sheet. The WorldObject expects the
internal API to pass the correct screen coordinates during the draw() call. This
class doesn’t care about the viewport position or the map position.

The main work is performed in the WorldObjectRenderer class that renders the
collection of objects on top of the map. The basic version of this class is quite
trivial too; it passes the screen coordinates to every WorldObject and asks it to
draw itself. The code is shown in Listing 6-17.

Listing 6-17. Drawing World Objects: The First Version

function WorldObjectRenderer(objects, viewportWidth, viewportHeight) {
this. objects = objects;
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this. viewportWidth = viewportWidth;
this. viewportHeight = viewportHeight;
this. x = 0;
this. y = 0;

}

_p = WorldObjectRenderer.prototype;

_p.move = function(deltaX, deltaY) {
this. x += deltaX;
this._y += deltay;

};

_p.setViewportSize = function(width, height) {
this. viewportWidth = width;
this. viewportHeight = height;

};

_p.draw = function(ctx) {
for (var i = 0; i < this. objects.length; i++) {
var obj = this. objects[i];
var pos = obj.getPosition();
obj.draw(ctx, this. x + pos.x, this. y + pos.y);
}
b
The WorldObjectRenderer has an API very similar to MapRenderer. In fact, the
only difference is in the parameters of a constructor. In the next chapter, we

learn how to take advantage of this feature, but for now, we will leave everything
as it is.

The final step is to update the index.html file. We need to add the code that
loads the new resource (the image with world objects), creates some
WorldObject instances, and renders them. The code in Listing 6-18 summarizes
the updates.

Listing 6-18. Updating index.html to Render Objects on the Tiled Map

var spriteSheet;
var objectRenderer;

var images = {

"tiles": "img/tiles.png",

"objects": "img/objects.png"” // load objects image
};

// The coordinates of the frames
var frames = [
[0, 0, 110, 96, 55, 96],
[1120, 0, 68, 108, 34, 108],
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[178, o, 712, 79, 35, 9],
[250, 0, 29, 56, 15, 56],
[256, 60, 40, 31, 20, 31]

I

/** Once all images are loaded - starts the animation loop */
function onLoaded() {
mapRenderer = new MapRenderer(world, imageManager.get("tiles"),
40, canvas.width, canvas.height);
spriteSheet = new SpriteSheet(imageManager.get("objects"), frames);

objectRenderer = new WorldObjectRenderer(getObjects(),
canvas.width, canvas.height);
animate(0);

function getObjects() {
return |
getTree(200, 200),
getTree(280, 220),
getRock(300, 270),
getRock(150, 197)

}

function getTree(x, y) {
var obj = new WorldObject(spriteSheet, 1);
obj.setPosition(x, y);
return obj;

}

function getRock(x, y) {
var obj = new WorldObject(spriteSheet, 3);
obj.setPosition(x, y);
return obj;

}

/** Perform rendering here */

function animate(t) {
clear();
mapRenderer.draw(ctx);
objectRenderer.draw(ctx);
requestAnimationFrame (arguments.callee);

/** Handle map move */
function onMove(e) {
mapRenderer.move(e.deltaX, e.deltaY);
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objectRenderer.move(e.deltaX, e.deltaY);

function resizeCanvas(canvas) {
canvas.width = document.width || document.body.clientWidth;
canvas.height = document.height || document.body.clientHeight;
mapRenderer && mapRenderer.setViewportSize(canvas.width, canvas.height);
objectRenderer && objectRenderer.setViewportSize(canvas.width,
canvas.height);

Once you save the changes and update the page, you should see a screen like
the shown in Figure 6-12. Much nicer!

Figure 6-12. Rendering of world objects

Rendering Order

Game objects have to be rendered in order. Figure 6-13 illustrates what might
happen if you use the wrong rendering order. The rock was meant to be behind
the tree, but due to the wrong rendering order, it appears on top of it.
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Figure 6-13. Wrong rendering order

To fix this issue, we must ensure that the objects that stand “further behind” are
rendered before the objects that are closer to the player. In a 2D world, this is
quite simple to implement. You sort objects by the position of their bottoms and
draw them in order from furthest to closest. To do that, we add a few lines of
code to the SpriteSheet class. We need to know the bounds of the frame in
order to sort world objects. Listing 6-19 shows how to do it.

Listing 6-19. Adding Code to SpriteSheet to Get the Bounds of the Frame

_p.getFrameBounds = function(index, x, y) {
var frame = this. frames[index];
if (!frame)
return;

return {
x: x - frame[SpriteSheet.FRAME_ANCHOR X],
y: y - frame[SpriteSheet.FRAME_ANCHOR Y],
w: frame[SpriteSheet.FRAME_WIDTH],
h: frame[SpriteSheet.FRAME_HEIGHT]
};
};

Next, update the WorldObject itself to report the bounds to the
WorldObjectRenderer with respect to the position of an object in the world (see
Listing 6-20).
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Listing 6-20. Update the WorldObject Class, Add the getBounds() Function

_p.getBounds = function() {
return this. spriteSheet.getFrameBounds(this. frame, this. x, this. y);
};

Finally, add the sorting code to the constructor of the WorldObjectRenderer, as
in Listing 6-21.

Listing 6-21. Sorting World Objects

function WorldObjectRenderer(objects, viewportWidth, viewportHeight) {
this._objects = objects;

this._objects.sort(function(o1, 02) {
var boundsi = oi.getBounds();
var bounds2 = o2.getBounds();
return (boundsi.y + boundsi.h) - (bounds2.y + bounds2.h);

H

this. viewportWidth = viewportWidth;
this. viewportHeight = viewportHeight;
this. x = 0;
this. y = 0;

}

Once you sort the objects this way, the rendering is correct.

This simple issue was quite easy to solve, but it has a lot of implications. When it
comes to the large world where the objects can move and break the presorted
order, “sort on every frame” is no longer an option. Right now, all objects are
static—just rocks and trees—but once you add moving entities, things start to
get much more interesting. In the next chapter, we will address this issue and
build a more advanced version of the WorldObjectRenderer that can also take
care of movement.

Optimizations

From an optimization perspective, objects work exactly the same way as regular
tiles. The rule for them stays the same: if you don’t want to lose any CPU cycles,
draw only what you really need to draw. We will not go through the same
exercise again by starting our implementation from the simplest case and
gradually improving it—there’s no point in doing the same trick twice. Let’s think
about a nearly optimal way of rendering objects straightaway.

We can’t easily determine which objects we have to draw. Game objects do not
form a grid, and we can’t say “we’re drawing objects from number five to
number eight this pass” as we did with tiles. So we have two options. First, we
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can look at every object in the world and decide if we should draw it. Yes, this
really /s an option. Let’s say, for example, that in your game, the main character
moves between rooms; so the rooms load one by one and each room is
relatively small compared to the screen size. Then chances are that you will
draw at least 50 percent of the objects in the world. The same is true for social
farm-like games that have a small world. In this case, it actually makes sense to
save coding time by using the simplest possible scenario: check the bounding
box of every object and draw those that fall inside the visible area.

However, there are other cases too, like if your world is so big that the player
can only see less than 1 percent of objects on the screen at a time. Quite
possible! In this case, we can’t afford checking objects like that because it
instantly Kills the performance of the game. The only solution is to organize
game objects into some sort of spatial structure that decides which objects are
most likely visible “right now.”

NOTE: This problem is not unique for game development. There are many other types
of applications that face the same issue. As an example, the question “which sprites
can the user see?” is very close to “list the gas stations no more than 3 miles away
from my home,” which is encountered in the mapping and navigation domain. Gas
stations are sprites, “3 miles away" is the size of the viewport, and “my home” is the
current position of the viewport. So it's not a surprise that the problem has been
seriously researched.

There are various algorithms to address this issue (most of them based on trees)
by grouping entities into bounding rectangles and grouping bounding rectangles
into bigger bounding rectangles on the next level (try Googling “R-Tree” for a
good example on how this approach works). However, the math behind these is
pretty complex, and explaining it here would take too many pages and not be
interesting to most readers.

There is a much easier approach that is suitable for game development (at least
on the client-side); one that doesn’t require a degree in rocket science to
implement. We like working with grids. Grids are simple because they have nice
square cells and it is very easy to find cells that intersect the current viewport.
We've used this trick with a grid of tiles, so let’s use it once more! We can break
the whole set of game objects into a uniform grid and check only the objects
that fall into the cells that are visible.

Take a look at the image in Figure 6-14 that illustrates this idea. In the example
that is shown in the picture, only four objects will be checked for the intersection
with the viewport: in grid cells (2, 0), (3,0), (2, 1),and (3, 1). Only the two
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of them that actually intersect the viewport will be rendered. This way, we
eliminate useless checks and draw only what is actually important.

-------------

Figure 6-14. Minimizing the amount of objects to check before drawing. The world is divided into the

grid. Each object is assigned to several grid cells. Only the objects in cells from (2:0) to (3:1) are
checked in each frame.

Obviously, the game object may be placed in the border between two cells or
even at the point where two such borders intersect. In this case, the object is
assigned to two or four grid cells. Later, we filter such objects so that we don’t
draw them twice or four times.

What if the object is moving? We have to track it and make sure that it is
deregistered from the grid cells when it leaves them, and registered in the new
ones when it arrives. It’s like traveling around the city with your cell phone: it is
always looking for the best GSM transmitter to use. When you leave the range of
one transmitter, you are registered in another one.

It is quite important to determine the optimal size of the grid cell. The best size
depends on the specifics of your game and on the density of the game objects,
if they are static (don’t move, don’t appear or disappear) or they are dynamic
(move around, new ones appear, older ones disappear). If you make big cells, it
means that you have to check more objects on each animation frame. For
example, if one cell is 500 x 500 pixels and the viewport is located in the
intersection of cells, it means that you have to test objects in a 1000 x 1000
pixel area, which is pretty big. If you make your cells too small, you’ll soon face
the problem of having a lot of empty cells. Besides, a moving object constantly
has to register/unregister itself in these cells. So what is the optimal size? This
questioned is best answered with some benchmarks that run on your specific
setup.

In the next chapter, we build the more advanced object renderer, based on this
simple idea of grids.



250

CHAPTER 6: Rendering Virtual Worlds

Isometric View

The final part of this chapter is devoted to a quick overview of the isometric
projection. Until now, we’ve been working on a top-down view. It means that the
user is looking at the scene from an angle of 90 degrees. Figure 6-15 illustrates
the difference between top-down and isometric prOJectlons

Figure 6-15. On the left, The Legend of Zelda, published by Nintendo in 1986, uses an orthogonal (top-
down) view. On the right, Fallout 2, created by Black Isle Studios and published by Interplay in 1998,
uses isometric projection.

The other interesting way of looking at things is when the camera is slightly
rotated. Well, in a 2D world, we don’t have the camera to rotate, of course. For a
2D game, an /sometric view means a special way of drawing and rendering
objects that creates the feeling of depth. The definition would be that isometric
projection is the projection where the angles between axes are the same: 120
degrees.

Figure 6-16 shows how a cube looks in the top-down projection that we’re
making, and the isometric projection.

Figure 6-16. The cube on the left is in top-down projection—either top view or side view, it looks the
same. The cube on the right is in isometric projection.
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\

There are a lot of games that use this approach to rendering the world. The
isometric view looks more natural to the user than the top-down view. When you
play a board game, you don’t look at the board straight from the top. When a
medieval general leads his army into battle, he doesn’t look at the battlefield
from a hot air balloon, either.

Let’s see what it takes to create an isometric-based engine on canvas. The most
important point is that the optimization that we introduced in this chapter is not
unique to top-down games. It works almost the same way for “iso-games” too.
The only difference is the way you draw tiles and the way you translate between
coordinate spaces.

In isometric games, the tiles are diamond-shaped. They are twice as wide as
they are tall. Because of that, the grid that they form is not rectangular; the tiles
in odd rows are half-width shifted compared to the tiles in the even rows. So the
rendering code for isometric tiles needs to be adjusted. Figure 6-17 shows an
example of the isometric grid.

Figure 6-17. The left part of the isometric map is filled with “empty” tiles to show how the grid looks.

The coordinate system for isometric tiles is also different from the coordinate
system of the usual “square” projection that we were working with. In isometric
tile maps, there are at least two ways of setting the coordinates of tiles and
rendering the tile world. Figure 6-18 shows the first way to assign coordinates to
the tiles.
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Figure 6-18. One way to assign coordinates to the isometric grid

Here, the axis of the map goes parallel to the axis of the canvas. The second
way, shown in Figure 6-19, is the following: rotate coordinates 45 degrees
counterclockwise. The x axis now goes to the bottom-right of the screen, while
y goes to the bottom left.
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Figure 6-19. The other way to draw the tile map

This short introduction should give you a feeling for what isometric projection is
and how isometric games look. We haven’t yet looked at how to implement the
isometric game, but that’s why we have the entire next chapter. You have surely
played at least few isometric games, if not in the age of Fallout 2, then recently
in social networks. Isometric engines balance an appealing look with the
relatively low complexity (compared to 3D engines, for example). That’s why
isometric games became a prime target for the developers of social
applications.
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Summary

In this chapter, we looked into rendering virtual worlds. We learned that
implementing various approaches to the optimization of rendering is crucial for
game performance, especially when it comes to mobile devices. We started
from the simple implementation of the tiled engine that showed only around 20
fps, and gradually improved it to a steady 45 fps at the end. We learned how to
add objects to the game world and how to render them correctly.

We looked into two different projections: top-down and isometric. The first
projection is good for platform shooters and top-down is best for old-school
games. Isometric projection looks more natural to the user, however, it requires
more effort to implement—both in terms of math and in terms of processing
power. The next chapter of the book is fully devoted to making an isometric
game engine.
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Chapter

Making an Isometric
Engine

The isometric view was once the most popular mechanic for rendering virtual
worlds. It perfectly suited RPGs, strategy games, and tactical games, and it
looked much better than a simple orthogonal top-down view. Many
masterpieces of game development used isometric engines, such as Fallout,
XCOM, SimCity, and many, many others. Kids of the '80s still remember how
advanced and cutting-edge those games looked compared to simple “flat”
engines.

Nowadays desktops use 3D for almost everything—from AAA-class games to
small indie projects. Browsers, however, are still quite far from widely adopting
3D (especially mobile browsers). That’s why isometric engines are still very
attractive for the casual player. This type of engine can look very appealing in
the browser (especially if you hire a good artist).

Social networks also factor in the popularity of isometric games. Gardens of
Time, The Sims Social, and CityVille—the most popular Facebook games of
2011—are isometric! Indeed, numerous farms, tower defenses, and small
strategies look best when implemented with an isometric view. Isometric
graphics are among the most attractive engine mechanics available for mass
market, and it is perfect for casual strategy projects. That's why we decided to
devote an entire chapter to isometric game engines and show you how to create
one from scratch.

This chapter is devoted to making a skeleton for isometric games. We will not
touch the gameplay, but rather the engine that can render a big isometric world
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-

that allows the player to interact with it. This is a very solid basis for your own
game project.

In this chapter, we will learn how to:
Render the isometric terrain using a set of isometric sprites

Optimize rendering—implement the image caching strategies
described in the previous chapter for the isometric terrain

Render game objects like buildings and characters,
implementing the techniques described in Chapter 6 in
practice

Implement dirty rectangles—a strategy to minimize the redraw
region and save CPU cycles

Deal with interaction—clicking elements, dragging viewport
Create simple Ul controls

The resulting engine will look like Figure 7-1.

Figure 7-1. The result: an isometric game engine
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As a bonus, and a boost for your own start-up, this chapter comes with a set of
isometric art, created specifically for this book by a fantastic concept artist,
Sergey Lesiuk (http://nitro-killer.deviantart.com). You are free to use these
sprites for your own project, as long as you have purchased the electronic or
paper version of this book (Choose electronic, save trees. Seriously.).

NOTE: Throughout this chapter, | say “simple as farm games”. In fact, popular social
projects are not simple at all. They have rather complex server-side logic and
infrastructure to support the gazillions of players gathering their crops every day.
However, the rendering on the client side is relatively simple.

Setup

The project that we’re going to accomplish is a rather big one when compared
with other projects in this book, both in terms of lines of code and the number of
features. We need a solid plan in order to keep track of progress and
understand why we take a certain path to reach the goal. The goal is to make an
isometric engine that can render terrain and objects, and interact with the user.
We're omitting the gameplay details for now, but are focusing instead on
architecture, rendering mechanics, optimizations, and player interaction. We will
load the level, let the user scroll through it, click the ground tiles to change the
terrain type (e.g. “build road”), add new objects to the map, and remove existing
ones. This is the typical flow for many strategy games; the rest is just the details
of gameplay (for example “do not allow building stables if wood is less than
300”).

The Plan

The user will have three “modes” of interaction with the game world: movement,
editing terrain, and editing objects. The user can switch between the modes at
any time—we will create a small Ul element for that. Look at Figure 7-1 again,
the small circle with the “house” icon on the top left shows the current mode.
When the user taps the circle, the mode switches.

The rendering is organized in layers (we discussed that technique in Chapter 6),
and each layer is responsible for a certain type of object. We will have three
types of layers in this project: one for isometric tiles, one for world objects, and
one for Ul elements. They are called IsometricTilelayer, ObjectLayer, and
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Uilayer, respectively. They are shown in Figure 7-2. To simplify the treating of
the multiple layers, we will create the LayerManager.

Ul Layer —_— @
Buttons

LayerManager ———»{ Object Layer -——;! i Eg

Objects

IsoTileLayer +——» <@

Figure 7-2. The rendering layers of the engine

We start by building the skeleton of the game—the HTML file and the main Game
class—initiating the event handling and creating an animation loop much like we
did in the previous chapter. At this point, we will have something “working” to
start with. The next step is to add the isometric terrain.

The isometric terrain by itself is not a very hard task, but there are a few things
to worry about, and a few optimizations to implement. The second part of this
chapter is devoted to isometric terrain: rendering tiles, implementing an
offscreen cache, scrolling the map, and other matters. The result is an empty,
scrollable terrain with no objects.

The next obvious step is to add objects to the map. We will need the
Objectlayer, which is somewhat easier to build than IsometricTilelLayer. We
will introduce one more optimization briefly mentioned in the previous chapter—
the object clusters (to limit the number of “active” objects and not to deal with
the objects far away from the viewport). Finally, we will look at complex objects
like arcs and portals—there is a small trick in how to implement them correctly.
At this point, we will have the objects rendered on top of isometric ground.
Some of them will move, to illustrate that movement is handled correctly.

The next major topic is to build the dlirty rectangles algorithm—marking certain
areas of the screen “dirty” in order to render only these areas in the next frame.
For example, if there is a one small moving object on the screen, it doesn’t make
sense to repaint the whole area—just the bits covered by that object. Both
isometric and object layers are affected by this change, and in the end of this
section, the game will not waste any cycles on rendering the parts of the screen
that are not changed anyway.
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Next, we will introduce the LayerManager—the class that simplifies the handling
of multiple layers—since at this point we already have two layers (terrain and
objects) and we’re about to add a third (Ul elements). The more layers we add,
the more code needs to be written to handle them (move, resize, and render
them appropriately). LayerManager is the object that hides away the details like
the number of layers, or their order, from the calling API. It presents a simple
interface that acts like a layer itself.

With the layers and LayerManager taken care of, we will create the user
interface—the round button for switching the state of the game. For now, it will
stay nonfunctional since the event system is not yet ready.

The last part is to process the user input—track clicks and drag events,
propagate events to the correct layer, and perform actions like changing terrain
or adding objects. We will once more look at the architecture of events and build
an unobtrusive system of notifications, leaving the components of the engine as
independent from each other as possible. With the event system in place, we
will add the final touches to the project—implementing the core game
mechanics (changing terrain, adding and removing objects, changing the game
state).

Preparing the Workspace

We will need a few classes that we created in previous chapters: ImageManager,
utils.js, EventEmitter, and everything related to user input. Copy those from
the previous chapters, or take them from the materials for this chapter. Next,
copy the images into the img folder and create an empty file called Game. js—we
will put the game logic there soon. After you have completed these steps, the
directory structure should look like Figure 7-3.

v0.1

img

js
input
< InputHandler.js
@ InputHandlerBase js
< Joystickjs
4 MouselnputHandler.js
& TouchlnputHandler.js

d EventEmitter,js

¢ Game,js

@ ImageManager.js

& utils.js

B index.htmi

Figure 7-3. Initial structure of the project
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Basic Code

The code for the index.html file is not very different from the initial code from
previous chapters. For the sake of completeness, Listing 7-1 shows it. Once the
page is loaded, the Game class gets the control (except for resize behavior that
stays outside, because the Game shouldn’t be aware of why and when the
unde<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>