


ffirs.indd   iiffirs.indd   ii 3/29/12   9:11:23 AM3/29/12   9:11:23 AM



PROFESSIONAL 

WEBGL™ PROGRAMMING

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxi

CHAPTER 1 Introducing WebGL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

CHAPTER 2 Creating Basic WebGL Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

CHAPTER 3 Drawing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

CHAPTER 4 Compact JavaScript Libraries and Transformations  . . . . . . . . . . . . . . . .137

CHAPTER 5 Texturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .177

CHAPTER 6 Animations and User Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

CHAPTER 7 Lighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

CHAPTER 8 WebGL Performance Optimizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291

INDEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .321

ffirs.indd   iffirs.indd   i 3/29/12   9:11:22 AM3/29/12   9:11:22 AM



ffirs.indd   iiffirs.indd   ii 3/29/12   9:11:23 AM3/29/12   9:11:23 AM



PROFESSIONAL

WebGL™ Programming

ffirs.indd   iiiffirs.indd   iii 3/29/12   9:11:23 AM3/29/12   9:11:23 AM



ffirs.indd   ivffirs.indd   iv 3/29/12   9:11:23 AM3/29/12   9:11:23 AM



PROFESSIONAL

WebGL™ Programming

DEVELOPING 3D GRAPHICS FOR THE WEB

Andreas Anyuru

John Wiley & Sons, Ltd.

ffirs.indd   vffirs.indd   v 3/29/12   9:11:23 AM3/29/12   9:11:23 AM



This edition fi rst published 2012

© 2012 Andreas Anyuru

Registered offi ce

John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, United Kingdom 

For details of our global editorial offi ces, for customer services and for information about how to apply for permission to 
reuse the copyright material in this book please see our website at www.wiley.com. 

The right of the author to be identifi ed as the author of this work has been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any 
form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK 
Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.

Wiley also publishes its books in a variety of electronic formats.  Some content that appears in print may not be available 
in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and 
product names used in this book are trade names, service marks, trademarks or registered trademarks of their respective 
owners. The publisher is not associated with any product or vendor mentioned in this book. This publication is designed 
to provide accurate and authoritative information in regard to the subject matter covered. It is sold on the understanding 
that the publisher is not engaged in rendering professional services. If professional advice or other expert assistance is 
required, the services of a competent professional should be sought.

Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with 
respect to the accuracy or completeness of the contents of this work and specifi cally disclaim all warranties, including 
without limitation warranties of fi tness for a particular purpose. No warranty may be created or extended by sales or pro-
motional materials. The advice and strategies contained herein may not be suitable for every situation. This work is sold 
with the understanding that the publisher is not engaged in rendering legal, accounting, or other professional services. 
If professional assistance is required, the services of a competent professional person should be sought. Neither the pub-
lisher nor the author shall be liable for damages arising herefrom. The fact that an organization or Web site is referred to 
in this work as a citation and/or a potential source of further information does not mean that the author or the publisher 
endorses the information the organization or Web site may provide or recommendations it may make. Further, readers 
should be aware that Internet Web sites listed in this work may have changed or disappeared between when this work was 
written and when it is read.

Trademarks: Wiley, the Wiley logo, Wrox, the Wrox logo, Wrox Programmer to Programmer, and related trade dress 
are trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its affi liates, in the United States and other 
countries, and may not be used without written permission. Google Chrome is a trademark of Google Inc. Use of this 
trademark is subject to Google Permissions. All other trademarks are the property of their respective owners. John Wiley 
& Sons, Ltd., is not associated with any product or vendor mentioned in this book. The WebGL specifi cation copyright is 
owned by the Khronos Group Inc. The OpenGL ES Man Pages copyright is owned by the Khronos Group Inc. and Silicon 
Graphics Inc. Khronos and WebGL are trademarks of the Khronos Group Inc. OpenGL is a registered trademark and the 
OpenGL ES logo is a trademark of Silicon Graphics International used under license by Khronos.

978-1-119-96886-3
978-1-119-94058-6 (ebk)
978-1-119-94059-3 (ebk)
978-1-119-94060-9 (ebk)

10 9 8 7 6 5 4 3 2 1

A catalogue record for this book is available from the British Library.

Printed in the United States by Bind-Rite.

ffirs.indd   viffirs.indd   vi 3/29/12   9:11:25 AM3/29/12   9:11:25 AM

http://www.wiley.com


To Jessica, Tilde, and Victor

ffirs.indd   viiffirs.indd   vii 3/29/12   9:11:26 AM3/29/12   9:11:26 AM



ffirs.indd   viiiffirs.indd   viii 3/29/12   9:11:26 AM3/29/12   9:11:26 AM



ABOUT THE AUTHOR

ANDREAS ANYURU has extensive experience with various web technologies, including WebGL. He 
has worked with web browser integration and optimizations for mobile devices for many years. 
Andreas is one of the contributors to the V8 JavaScript engine that is used in Google Chrome 
for desktops and in Android. He has developed new courses and taught at the Information and 
Communications Engineering division at Lund University.

Andreas is a Senior Member of Technical Staff at ST-Ericsson, where his primary area of expertise is 
web technologies. In this position, he is responsible for ensuring that existing and forthcoming web 
technologies work in an optimal way on ST-Ericsson’s Linux-based mobile platforms.

Andreas holds a M.Sc. in Electrical Engineering from Lund University, Faculty of Engineering, Sweden.

ABOUT THE TECHNICAL EDITOR

PAUL BRUNT was working with JavaScript early on in the emergence of HTML5 to create some 
early games and applications that made extensive use of SVG, canvas, and a new generation of fast 
JavaScript engines. This work included a proof-of-concept platform game demonstration called 
“Berts Breakdown.” With a keen interest in computer art and an extensive knowledge of Blender, 
combined with knowledge of real-time graphics, the introduction of WebGL was the catalyst for the 
creation of GLGE. He began work on GLGE in 2009 when WebGL was still in its infancy, gearing 
it heavily towards the development of online games. Paul has also contributed to other WebGL 
frameworks and projects, as well as porting the jiglib physics library to javascript in 2010, demoing 
3D physics within a browser for the fi rst time.

ffirs.indd   ixffirs.indd   ix 3/29/12   9:11:26 AM3/29/12   9:11:26 AM



ffirs.indd   xffirs.indd   x 3/29/12   9:11:26 AM3/29/12   9:11:26 AM



CREDITS

VP CONSUMER AND TECHNOLOGY 

PUBLISHING DIRECTOR

Michelle Leete

ASSOCIATE DIRECTOR—BOOK CONTENT 

MANAGEMENT

Martin Tribe

ASSOCIATE PUBLISHER

Chris Webb

EXECUTIVE COMMISSIONING EDITOR 

Birgit Gruber

ASSISTANT EDITOR

Ellie Scott

ASSOCIATE MARKETING DIRECTOR

Louise Breinholt

SENIOR MARKETING EXECUTIVE

Kate Parrett

EDITORIAL MANAGER

Jodi Jensen

SENIOR PROJECT EDITOR

Sara Shlaer

DEVELOPMENT EDITOR

Box Twelve Communications, Inc.

TECHNICAL EDITOR

Paul Brunt 

COPY EDITOR

Marylouise Wiack

SENIOR PRODUCTION EDITOR

Debra Banninger

PROOFREADER

Nancy Carrasco

INDEXER

Robert Swanson

COVER DESIGNER

LeAndra Young

COVER IMAGE

© iStock / Mark Evans 

ffirs.indd   xiffirs.indd   xi 3/29/12   9:11:26 AM3/29/12   9:11:26 AM



ffirs.indd   xiiffirs.indd   xii 3/29/12   9:11:27 AM3/29/12   9:11:27 AM



ACKNOWLEDGMENTS

A BIG THANK YOU — goes to the Khronos WebGL Working Group, which created the WebGL 
specifi cation and the browser vendors, including open source projects, which have implemented 
the specifi cation. Without your work, this book would not exist. In addition, I want to thank all 
developers in the WebGL community who have contributed to WebGL as a technology with their 
discussions, experiments, and examples. 

I want to thank the people at Wiley, especially Jeff Riley, Sara Shlaer, Ellie Scott, and Chris Webb. 
You have all done a great job supporting me.

I want to say thank you to all my great colleagues at ST-Ericsson — you make ST-Ericsson a 
great place to work. I especially want to thank Kent Olsson, Christian Bejram, Marco Cornero, 
Göran Roth, and Patrik Åberg for believing in me, supporting me, and coaching me.

I want to thank my family for their support and understanding while writing this book. Most of 
all, I want to say thanks to my wonderful wife Jessica, whom I love very much. Thanks for 
everything, Jessica!

ffirs.indd   xiiiffirs.indd   xiii 3/29/12   9:11:27 AM3/29/12   9:11:27 AM



ffirs.indd   xivffirs.indd   xiv 3/29/12   9:11:27 AM3/29/12   9:11:27 AM



CONTENTS

INTRODUCTION xxl

CHAPTER 1: INTRODUCING WEBGL 1

The Basics of WebGL 1

So Why Is WebGL So Great? 2

Designing a Graphics API 3

An Immediate-Mode API 3

A Retained-Mode API 4

An Overview of Graphics Hardware 4

GPU 5

Framebuff er 5

Texture Memory 7

Video Controller 7

Understanding the WebGL Graphics Pipeline 7

Vertex Shader 8

Primitive Assembly 12

Rasterization 14

Fragment Shader 14

Per Fragment Operations 17

Comparing WebGL to Other Graphics Technologies 19

OpenGL 19

OpenGL ES 2.0 21

Direct3D 23

HTML5 Canvas 24

Scalable Vector Graphics 28

VRML and X3D 30

Linear Algebra for 3D Graphics 31

Coordinate System 31

Points or Vertices 31

Vectors 32

Dot Product or Scalar Product 33

Cross Product 34

Homogeneous Coordinates 35

Matrices 35

Affi  ne Transformations 38

Summary 44

ftoc.indd   xvftoc.indd   xv 3/29/12   9:13:11 AM3/29/12   9:13:11 AM



xvi

CHAPTER 2: CREATING BASIC WEBGL EXAMPLES 45

Drawing a Triangle 46

Creating the WebGL Context 49

Creating the Vertex Shader and the Fragment Shader 51

Compiling the Shaders 52

Creating the Program Object and Linking the Shaders 53

Setting Up the Buff ers 54

Drawing the Scene 56

Understanding the WebGL Coding Style 57

Debugging Your WebGL Application 58

Using Chrome Developer Tools 58

Using Firebug 65

WebGL Error Handling and Error Codes 67

WebGL Inspector 70

Troubleshooting WebGL 76

Using the DOM API to Load Your Shaders 78

Putting It Together in a Slightly More Advanced Example 80

Experimenting with Code 83

Summary 84

CHAPTER 3: DRAWING 85

WebGL Drawing Primitives and Drawing Methods 86

Primitives 86

Understanding the Importance of Winding Order 91

WebGL’s Drawing Methods 93

Typed Arrays 99

Buff er and View 100

Supported View Types 101

Exploring Diff erent Ways to Draw 102

gl.drawArrays() and gl.TRIANGLES 103

gl.drawArrays() and gl.TRIANGLE_STRIP 105

gl.drawElements() and gl.TRIANGLES 106

gl.drawElements() and gl.TRIANGLE_STRIP 108

Conclusions of the Comparison 111

Pre-Transform Vertex Cache and Post-Transform Vertex Cache 111

Interleaving Your Vertex Data for Improved Performance 114

Using an Array of Structures 115

Using a Vertex Array or Constant Vertex Data 123

A Last Example to Wind Things Up 124

Some Things to Experiment With 134

Summary 134

CONTENTS

ftoc.indd   xviftoc.indd   xvi 3/29/12   9:13:12 AM3/29/12   9:13:12 AM



xvii

CHAPTER 4:  COMPACT JAVASCRIPT LIBRARIES 
AND TRANSFORMATIONS 137

Working with Matrices and Vectors in JavaScript 138

Sylvester 139

WebGL-mjs 142

glMatrix 146

Using Transformations 150

How Transformations Are Used 150

Understanding the Complete Transformation Pipeline 157

Getting Practical with Transformations 158

Setting Up Buff ers with Object Coordinates 159

Creating Transformation Matrices with JavaScript and 

 Uploading Them to the Shader 160

Uploading the Transformation Matrices to the Vertex 

 Shader in the GPU 161

Calling Your Drawing Methods 162

Understanding the Importance of Transformation Order 162

Using a Grand, Fixed Coordinate System 163

Using a Moving, Local Coordinate System 165

Pushing and Popping Transformation Matrices  167

A Complete Example: Drawing Several Transformed Objects 171

Creating a Cube with WebGL 173

Organization of the View Transformation and the 

 Model Transformation 175

Summary 176

CHAPTER 5: TEXTURING 177

Understanding Lost Context  178

Understanding the Setup Required to Handle 

 Lost Context 179

Factors to Consider When Handling Lost Context 181

Introducing 2D Textures and Cubemap Textures 183

Loading Your Textures 185

Creating a WebGLTexture Object 185

Binding Your Texture 185

Loading the Image Data 186

Uploading the Texture to the GPU 187

Specifying Texture Parameters 189

Understanding the Complete Procedure 

 of Loading a Texture 190

Defi ning Your Texture Coordinates 193

CONTENTS

ftoc.indd   xviiftoc.indd   xvii 3/29/12   9:13:13 AM3/29/12   9:13:13 AM



xviii

Using Your Textures in Shaders 195

Working with Texture Image Units 197

Working with Texture Filtering 198

Understanding Magnifi cation 199

Understanding Minifi cation 200

Understanding Mipmapping 200

Understanding Texture Coordinate Wrapping 203

Using the gl.REPEAT Wrap Mode 203

Using the gl.MIRRORED_REPEAT Wrap Mode  205

Using the gl.CLAMP_TO_EDGE Wrap Mode 206

A Complete Texture Example 207

Using Images for Your Textures 210

Downloading Free Textures 210

Basing Textures on Your Own Photos 211

Drawing Images 211

Buying Textures 211

Understanding Same-Origin Policy and Cross-Origin 
 Resource Sharing  212

Understanding Same-Origin Policy for Images in General 212

Understanding Same-Origin Policy for Textures 214

Understanding Cross-Origin Resource Sharing 215

Summary 217

CHAPTER 6: ANIMATIONS AND USER INPUT 219

Animating the Scene 219

Using setInterval() and setTimeout() 221

Using requestAnimationFrame() 222

Compensating Movement for Diff erent Frame Rates 225

Creating an FPS Counter to Measure the Smoothness of Your Animation 226

Understanding the Disadvantages of Using FPS as a Measurement  228

Event Handling for User Interaction 230

Basic Event Handling with DOM Level 0 231

Advanced Event Handling with DOM Level 2 232

Key Input 234

Mouse Input 239

Applying Your New Knowledge 240

Summary 246

CHAPTER 7: LIGHTING 249

Understanding Light  249

Working with a Local Lighting Model 250

CONTENTS

ftoc.indd   xviiiftoc.indd   xviii 3/29/12   9:13:13 AM3/29/12   9:13:13 AM



xix

Understanding the Phong Refl ection Model 251

Ambient Refl ection 252

Diff use Refl ection 253

Specular Refl ection 255

Understanding the Complete Equation and Shaders 

 for the Phong Refl ection Model 259

Using Lighting with Texturing 263

Understanding the JavaScript Code Needed 
 for WebGL Lighting 267

Setting Up Buff ers with Vertex Normals 268

Calculating and Uploading the Normal Matrix to the Shader 270

Uploading the Light Information to the Shader 270

Using Diff erent Interpolation Techniques for Shading 271

Flat Shading 272

Gouraud Shading 273

Phong Shading 274

Understanding the Vectors That Must Be Normalized 278

Normalization in the Vertex Shader 278

Normalization in the Fragment Shader 279

Using Diff erent Types of Lights 279

Directional Lights 280

Point Lights 280

Spot Lights 281

Understanding the Attenuation of Light 284

Understanding Light Mapping 288

Summary 289

CHAPTER 8: WEBGL PERFORMANCE OPTIMIZATIONS 291

WebGL under the Hood 292

Hardware that Powers WebGL 292

Key Software Components 294

WebGL Performance Optimizations 296

Avoiding a Typical Beginner’s Mistake 296

Locating the Bottleneck 298

General Performance Advice 302

Performance Advice for CPU-Limited WebGL 305

Performance Advice for Vertex-Limited WebGL 307

Performance Advice for Pixel-Limited WebGL 308

A Closer Look at Blending 310

Introducing Blending 310

Setting the Blending Functions 311

CONTENTS

ftoc.indd   xixftoc.indd   xix 3/29/12   9:13:14 AM3/29/12   9:13:14 AM



xx

Understanding Drawing Order and the Depth Buff er 314

Drawing a Scene with Both Opaque 

 and Semi-Transparent Objects 315

Changing the Default Operator for the Blend Equation 315

Using Premultiplied Alpha 316

Taking WebGL Further 317

Using WebGL Frameworks 317

Publishing to the Google Chrome Web Store 318

Using Additional Resources 318

Summary 319

INDEX 321

CONTENTS

ftoc.indd   xxftoc.indd   xx 3/29/12   9:13:14 AM3/29/12   9:13:14 AM



INTRODUCTION

TODAY USERS SPEND A MAJORITY OF THEIR TIME WITH THEIR COMPUTERS, tablets, and smartphones 
surfi ng with web browsers. They are writing documents, e-mailing, chatting, reading news, watching 
videos, listening to music, playing games, or buying things. The web browser has become the 
most important application on most devices. As a result, the innovation and development of web 
technologies are evolving very fast. Web browsers are getting faster, more stable, more secure, and 
more capable of handling new technologies every day. 

This means very exciting times for web developers. If you want to develop an application that you 
want to distribute to as many users as possible, the web is defi nitely the platform to choose. But even 
if web applications have evolved tremendously in recent years, one disadvantage of web applications 
compared to native applications has been that it has not been possible to create real-time 3D 
graphics that games and other applications might need. This has changed completely with WebGL. 

WebGL lets you hardware-accelerate your 2D and 3D graphics in a way that has not been possible 
on the web before now. You can get all the advantages that building a web application in HTML, 
CSS and JavaScript provides and still take advantage of the powerful graphics processor unit (GPU) 
that devices have. This book will start with the basics and teach you everything you need to know 
to start developing 2D or 3D graphics applications based on WebGL.

WHO THIS BOOK IS FOR

This book is primarily for web developers who have a basic understanding of HTML, CSS and 
JavaScript and want to get a deeper understanding of how to use WebGL to create hardware-
accelerated 2D or 3D graphics for their web applications or web pages. 

The second group of developers who can benefi t from this book is composed of those who have 
some previous experience from a desktop 3D API (such as OpenGL or Direct3D) and want to make 
use of this knowledge on the web by using WebGL.

The book is also useful for students who study a 3D graphics course and want to use WebGL as an 
easy way to prototype and test things. Since you need only a web browser that supports WebGL and 
a text editor to get started to write your applications, the threshold to get started is much lower than 
with other 3D graphics APIs (such as desktop OpenGL or Direct3D), where you often need to set up 
a complete toolchain.

WHAT THIS BOOK COVERS

This book will teach you how to develop web applications based on WebGL. Even though the WebGL 
API can be used to hardware-accelerate both 2D graphics and 3D graphics, it is primarily an API used 
to create 3D graphics. Some books about other 3D graphics APIs describe only the API; they do not 
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really teach you much about 3D graphics or how you use the API. This book does not require any 
previous knowledge about 3D graphics. Instead you learn about 3D graphics and using the WebGL 
API to build applications.

In addition, this book contains some fundamental linear algebra that is good to understand to get 
a deeper understanding of 3D graphics and WebGL. By having the relevant linear algebra available 
in the same book, you can concentrate on the parts of linear algebra that are important for 3D 
graphics. You do not need to dive into other generic linear algebra books consisting of hundreds of 
pages and wherein topics often are described in a very general and abstract way. If you’re the type 
of person who just wants to get started writing code, you don’t have to read all the linear algebra 
sections (which is mainly part of Chapter 1). You can skim them, and when you later notice that there 
is something related to linear algebra that you want to understand, you can go back and read them 
more thoroughly.

You should note that this book does not include all available methods of the WebGL API. For a 
complete reference of the API, you should have a look at the latest WebGL specifi cation from Khronos 
at www.khronos.org/registry/webgl/specs/latest/

HOW THIS BOOK IS STRUCTURED

This book is organized in a logical order whereby most readers will benefi t from reading the 
chapters in the order they appear. However, since all readers have different backgrounds, feel free to 
choose an order that suits you. The following overview might help you in this planning.

Chapter 1 is a theoretical chapter that gives you some background of WebGL and compares WebGL 
to some other graphics technologies. It introduces you to the WebGL graphics pipeline and also 
contains an overview of graphics hardware. Further, the chapter contains some linear algebra that is 
important for 3D graphics and gives you a deeper understanding of 3D graphics and WebGL. If you 
feel that you have enough knowledge about the topics presented in this chapter, feel free to skim the 
content and continue with Chapter 2. 

Chapter 2 provides a lot of practical knowledge. You create your fi rst complete WebGL application 
and learn how to write a very basic vertex shader and a fragment shader. To make your journey 
towards learning WebGL as smooth as possible, this chapter introduces some useful development and 
debugging tools. You also learn what to think of when you troubleshoot your WebGL application.

Chapter 3 teaches you the details about which different options you have for drawing in WebGL. 
You learn about the different WebGL methods and primitives you can use to handle drawing. 

Chapter 4 introduces you to three small JavaScript libraries that are useful to handle vector and 
matrix mathematics in your WebGL application. You also learn how to use transformations to 
position and orient the objects in your 3D world. This is a very important chapter, and if you have 
no previous experience of 3D graphics, you should be prepared to spend some extra time on it.

Chapter 5 walks through how you perform texturing in WebGL. Texturing is an important step 
towards making your 3D objects look more realistic. In addition, this chapter describes how to make 
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your applications more robust by handling what is referred to as lost context in WebGL. Make sure 
you read this part before you start to build real-world applications that have high requirements on 
robustness.

Chapter 6 teaches you how you use animation to create motion in your WebGL scenes. You will 
also learn the details of how event-handling in JavaScript works and how you can use key events 
and mouse events to affect your WebGL scene.

Chapter 7 teaches you a lot about the exciting topic of lighting in WebGL. You learn about different 
lighting models and how to write vertex shaders and fragment shaders for these. Lighting is a very 
important ingredient in making your WebGL scenes look more realistic.

Chapter 8 contains useful guidelines, tips, and tricks that make sure your WebGL application gets 
the best possible performance. You also learn how to analyze performance problems in a WebGL 
application, how to fi nd the bottleneck, and how to try to eliminate it. This chapter also features a 
description of how WebGL works under the hood. You learn about the key software components 
and the key hardware components. An example from the mobile industry is used.

WHAT YOU NEED TO USE THIS BOOK

To run the examples in this book, you need a web browser that supports WebGL. If you don’t have 
a browser that supports WebGL, you can download one for free. For a current list of which web 
browsers that support WebGL, visit www.khronos.org/webgl/wiki/. At the time of this writing, 
the following browsers support WebGL:

Apple Safari

Google Chrome

Mozilla Firefox

Opera

To write your own WebGL applications, simply use your favorite text editor. The book also describes 
some other tools that are helpful for debugging and trouble shooting of WebGL applications. These 
are, for example, Chrome Developer Tools, Firebug, and WebGL Inspector. These tools are all open 
source and can be downloaded for free.

CONVENTIONS

To help you get the most from the text and keep track of what’s happening, we’ve used a number of 
conventions throughout the book.

➤

➤

➤

➤

The pencil icon indicates notes, tips, hints, tricks, or and asides to the current 
discussion.
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As for styles in the text:

We highlight new terms and important words when we introduce them.

We show keyboard strokes like this: Ctrl+A.

We show fi le names, URLs, and code within the text like so: persistence.properties. 

We present code in two different ways:

We use a monofont type with no highlighting for most code examples.

We use bold to emphasize code that’s particularly important in the present context.

SOURCE CODE

As you work through the examples in this book, you may choose either to type in all the code 
manually or to use the source code fi les that accompany the book. All of the source code 
corresponding to the code listings in this book is available for download at www.wrox.com. You will 
fi nd the code listings from the source code are accompanied by a download icon and listing number 
so you know it’s available for download and can easily locate it in the download fi le. Once at the site, 
simply locate the book’s title (either by using the Search box or by using one of the title lists) and click 
the Download Code link on the book’s detail page to obtain all the source code for the book. 

➤

➤

➤

➤

Once you download the code, just decompress it with your favorite compression tool. Alternately, 
you can go to the main Wrox code download page at www.wrox.com/dynamic/books/download
.aspx to see the code available for this book and all other Wrox books.

ERRATA

We make every effort to ensure that there are no errors in the text or in the code. However, no one 
is perfect, and mistakes do occur. If you fi nd an error in one of our books, like a spelling mistake or 
faulty piece of code, we would be very grateful for your feedback. By sending in errata you may save 
another reader hours of frustration and at the same time you will be helping us provide even higher 
quality information. 

To fi nd the errata page for this book, go to www.wrox.com and locate the title using the Search box 
or one of the title lists. Then, on the book details page, click the Book Errata link. On this page you 
can view all errata that has been submitted for this book and posted by Wrox editors. 

Because many books have similar titles, you may fi nd it easiest to search by 
ISBN; this book’s ISBN is 978-1-119-96886-3.
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If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/
techsupport.shtml and complete the form there to send us the error you have found. We’ll check 
the information and, if appropriate, post a message to the book’s errata page and fi x the problem in 
subsequent editions of the book.

P2P.WROX.COM

For author and peer discussion, join the P2P forums at p2p.wrox.com. The forums are a web-based 
system for you to post messages relating to Wrox books and related technologies and interact with 
other readers and technology users. The forums offer a subscription feature to e-mail you topics 
of interest of your choosing when new posts are made to the forums. Wrox authors, editors, other 
industry experts, and your fellow readers are present on these forums.

At http://p2p.wrox.com you will fi nd a number of different forums that will help you not only as 
you read this book, but also as you develop your own applications. To join the forums, just follow 
these steps:

 1. Go to p2p.wrox.com and click the Register link.

 2. Read the terms of use and click Agree.

 3. Complete the required information to join as well as any optional information you wish to 
provide and click Submit.

 4. You will receive an e-mail with information describing how to verify your account and 
complete the joining process.

You can read messages in the forums without joining P2P, but in order to post 
your own messages, you must join.

Once you join, you can post new messages and respond to messages other users post. You can read 
messages at any time on the web. If you would like to have new messages from a particular forum 
e-mailed to you, click the Subscribe to this Forum icon by the forum name in the forum listing. 

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to 
questions about how the forum software works as well as many common questions specifi c to P2P 
and Wrox books. To read the FAQs, click the FAQ link on any P2P page.

A complete book list including links to each book’s errata is also available at 
www.wrox.com/misc-pages/booklist.shtml.
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Introducing WebGL

WHAT’S IN THIS CHAPTER?

The basics of WebGL

Why 3D graphics in the browser off er great possibilities

How to work with an immediate-mode API

The basics of graphics hardware

The WebGL graphics pipeline

How WebGL compares to  other graphics technologies

Some basic linear algebra needed for WebGL

In this chapter you will be introduced to WebGL and learn some important theory behind 
WebGL, as well as general theory behind 3D graphics. You will learn what WebGL is and 
get an understanding of the graphics pipeline that is used for WebGL. 

You will also be given an overview of some other related graphics standards that will give you 
a broader understanding of WebGL and how it compares to these other technologies. 

The chapter concludes with a review of some basic linear algebra that is useful to understand 
if you really want to master WebGL on a deeper level.

THE BASICS OF WEBGL

WebGL is an application programming interface (API) for advanced 3D graphics on the web. 
It is based on OpenGL ES 2.0, and provides similar rendering functionality, but in an HTML 
and JavaScript context. The rendering surface that is used for WebGL is the HTML5 canvas 
element, which was originally introduced by Apple in the WebKit open-source browser engine. 
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2  ❘  CHAPTER 1  INTRODUCING WEBGL

The reason for introducing the HTML5 canvas was to be able to render 2D graphics in applications 
such as Dashboard widgets and in the Safari browser on the Apple Mac OS X operating system.

Based on the canvas element, Vladimir Vukićević at Mozilla started experimenting with 3D 
graphics for the canvas element. He called the initial prototype Canvas 3D. In 2009 the Khronos 
Group started a new WebGL working group, which now consists of several major browser vendors, 
including Apple, Google, Mozilla, and Opera. The Khronos Group is a non-profi t industry 
consortium that creates open standards and royalty-free APIs. It was founded in January 2000 
and is behind a number of other APIs and technologies such as OpenGL ES for 3D graphics for 
embedded devices, OpenCL for parallel programming, OpenVG for low-level acceleration of vector 
graphics, and OpenMAX for accelerated multimedia components. Since 2006 the Khronos Group 
has also controlled and promoted OpenGL, which is a 3D graphics API for desktops. 

The fi nal WebGL 1.0 specifi cation was frozen in March 2011, and WebGL support is implemented 
in several browsers, including Google Chrome, Mozilla Firefox, and (at the time of this writing) in 
the development releases of Safari and Opera. 

For the latest information about which versions of different browsers support 
WebGL, visit www.khronos.org/webgl/.

SO WHY IS WEBGL SO GREAT?

In the early days of the web, the content consisted of static documents of text. The web browser 
was used to retrieve and display these static pages. Over time the web technology has evolved 
tremendously, and today many websites are actually full-featured applications. They support 
two-way communication between the server and the client, users can register and log in, and web 
applications now feature a rich user interface that includes graphics as well as audio and video. 

The fast evolution of web applications has led to them becoming an attractive alternative to native 
applications. Some advantages of web applications include the following:

They are cheap and easy to distribute to a lot of users. A compatible web browser is all that 
the user needs.

Maintenance is easy. When you fi nd a bug in your application or when you have added some 
nice new features that you want your users to benefi t from, you only have to upgrade the 
application on the web server and your users are able to benefi t from your new application 
immediately.

At least in theory, it is easier to have cross-platform support (i.e., to support several 
operating systems such as Windows, Mac OS, Linux, and so on) since the application is 
executing inside the web browser.

However, to be honest, web applications also have had (and still have) some limitations compared 
to native applications. One limitation has been that the user interface of web applications has not 
been as rich as for their native application counterparts. This changed a lot with the introduction of 
the HTML5 canvas tag, which made it possible to create really advanced 2D graphics for your web 
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