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Foreword

SILVERLIGHT IS A cross-browser, cross-platform plugin that enables developers
to build rich media and RIA Web experiences.  It allows developers to use
.NET within the browser to create scenarios that can�t be achieved using any
other Web technology, and to use high productivity tools like Visual Studio
and Expression Studio when doing so.

The new Silverlight 3 release delivers more than 200 new features for
developers to leverage, including the ability to run Silverlight applications in
or out of the browser; stream HD and H.264 video; display 3D graphics and
use GPU acceleration; take advantage of richer data-binding support; use new
bitmap APIs and animation easing capabilities; and much, much more.

Ashraf Michail, the author of the book you are holding in your hands,
is one of the star developers of the Silverlight team. He has been involved
in the architecture since we first began working on it and brought to the
effort his deep experience with and understanding of Silverlight�s �big
brother,� the Windows Presentation Foundation.  Ashraf knows intimately
the ins and outs of the Silverlight runtime, and in this book he has distilled
his understanding into a clear, concise exposition.

This isn�t the only book on Silverlight 3, by any means: I�m happy to say
that several other good Silverlight 3 books are in the works. However, this is
the only book that focuses on the Silverlight runtime and gives you an  
in-depth understanding of how it works. Once you know what�s really hap-
pening in the runtime engine, you�ll be in a position to take full advantage of
Silverlight�s speed and power. Look for the �Under the Hood� section at the
end of each chapter of this book: You won�t find that anywhere else.

xxiii



Also look for the �Technical Insight,� �Debugging Tip,� and �Performance
Tip� sections scattered throughout the book. These are the nuggets that you
can take away and use to make your own applications fly. Is too much data
slowing down your ComboBox display? You can filter your Items Source to
speed that up, as explained in Chapter 10. Would your application benefit
from GPU acceleration? Chapter 12 shows you how to make that happen,
explains the four stages of the GPU acceleration pipeline�and explains the
tradeoffs involved in GPU acceleration on each supported operating system
so that you can understand why turning on GPU acceleration might not
always help.

The book you are holding contains the keys to writing great Silverlight 3
applications. Use them well!

�Scott Guthrie, 
corporate vice president, 

Microsoft Developer Division
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Preface

Silverlight is a rapidly growing Web technology designed to deliver media
and rich Internet applications on multiple operating systems and Web
browsers. Silverlight consists of a runtime, a set of tools, and libraries for
your applications. End users can download the free runtime from
http://www.silverlight.net to run Silverlight applications. 

You can develop Silverlight applications with Visual Studio using 
familiar .NET languages. Designers can create artwork and animation for
Silverlight using tools such as Expression Blend and Expression Design or
import assets from other popular design tools. You can create video play-
back experiences with tools such as Expression Media Encoder or image
zoom experiences with Deep Zoom Composer. 

In addition to the default libraries built into the Silverlight runtime, you
can download a variety of libraries from http://www.codeplex.com/
Silverlight. You can use these libraries in your applications, modify the
source code, or use it as an example for how to write Silverlight components.

In this book, you will learn how to build a Silverlight application and
use features such as graphics, text, input, animation, layout, media, con-
trols, and data binding. In addition to information on how to use Silverlight
features, this book describes feature design principles and how those fea-
tures work �under the hood.� The design principles help you understand
whether the feature meets the needs of your application. The �under the
hood� information gives you a look at how the feature is implemented in
Silverlight so that you can get the most out of Silverlight. For example, the

xxv
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Under the Hood sections give you a deeper understanding of the  behavior,
performance characteristics, and limits of a feature.

Who Should Read This Book?

If you want to get started writing your first Silverlight applications or if you
are an expert Silverlight developer, you will learn a lot from this book. For
the beginner, this book explains the concepts required to write your
 applications. For the advanced Silverlight developer, you will find in-depth
information on how Silverlight works �under the hood� and how to use
that information to get the most out of Silverlight. 

Prerequisites

Before reading this book, you should be familiar with how to build a
basic Web page and have a working knowledge of how to write .NET
applications in C#. 

Organization

Each chapter in this book contains three sections: Principles, Features, and
Under the Hood. The Principles indicate the feature design goals to help
you determine if that feature will meet your application needs. The Fea-
tures section describes how you can use the feature. The Under the Hood
section describes how the feature is implemented in Silverlight and how
you can use that information to improve your applications. Throughout the
book, there are many Performance Tips and Technical Insights.

The book consists of the following 12 chapters:

� Chapter 1, �Silverlight Overview,� is an introduction to Silverlight
and the content in the remainder of the book. Chapter 1 highlights
the features that are new in Silverlight 3 and not available in
 Silverlight 2.

� Chapter 2, �Applications,� explains how to create and deploy a
 Silverlight application including an explanation of all the critical
components.

Prefacexxvi



� Chapter 3, �Graphics,� presents an in-depth explanation of all the
graphics primitives. 

� Chapter 4, �Text,� explains how to display high quality text. 

� Chapter 5, �Input Events,� provides information on using mouse
and  keyboard input in your application.

� Chapter 6, �Animation,� describes how to add animations to your
applications.

� Chapter 7, �Layout,� describes how to use the layout system to
 automatically size and position elements in your application.

� Chapter 8, �Media,� explains how you can make a video player with
Silverlight.

� Chapter 9, �Controls,� explains how you can use styles, customize 
built-in controls, and create your own customizable controls.

� Chapter 10, �Data Binding,� describes how you can connect data to
your application user interface controls.

� Chapter 11, �Effects,� describes how to use built-in effects and create
your own custom effects. Effects are a new feature in Silverlight 3. 

� Chapter 12, �GPU Acceleration,� explains how to use your graphics
process unit (GPU) to improve the performance of animation and
video playback. GPU acceleration is a new feature in Silverlight 3.
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1

1
Silverlight Overview

S ILVERLIGHT I S A Web platform designed for media and rich Internet
applications (RIAs). Popular Web sites use Silverlight to view video 

in some of the biggest online streaming events. For example, during the
2008 Olympics, http://www.nbcolympics.com received 50 million unique
visitors, resulting in 1.3 billion page views and 70 million video streams.
Other popular Web sites also use Silverlight to play video, such as
http://www.net�ix.com, a variety of sporting events, television stations,
and video hosting sites.

Many Web sites have also written RIAs with Silverlight, including email
applications, business applications, social networking applications, mashup
creation tools, casual games, high quality image viewers, ads, and a variety
of other Internet applications. You can �nd some example applications at
http://www.silverlight.net/showcase, as shown in Figure 1.1.

Silverlight consists of a runtime that users can download to view
 Silverlight content on their computer as well as a set of tools for creating
that content, such as Visual Studio, Expression Blend, Expression Design,
Expression Media Encoder, and Deep Zoom Composer. You can use Visual
Studio for writing and debugging Silverlight code. You can use Expression
Blend and Expression Design for creating graphics and animation. You can
use Expression Media Encoder for encoding and creating sample video
players. You can use Deep Zoom Composer for creating Web viewable
 versions of large images. 

http://www.nbcolympics.com
http://www.netflix.com
http://www.silverlight.net/showcase


Figure 1.1: Example Silverlight sites shown at

http://silverlight.net/showcase 

Figure 1.2: Installing a Silverlight application

so that it can run outside the Web browser

2 Chapter 1: Silverlight Over view

Silverlight includes a version of the .NET Common Language Runtime
(CLR) to let you write code in .NET languages such as C# or Visual Basic.
The Silverlight features include vector graphics, text, animation, layout,
video playback, audio playback, data access, and controls for your media
and rich Internet applications.

In addition to running Silverlight content inside the Web browser, you
can install a Silverlight 3 application on your computer and run it when not
connected to a network as shown in Figure 1.2.

http://silverlight.net/showcase


3Silverlight Principles

In this chapter, you will learn

� The Silverlight design principles

� The features available in Silverlight

� The Silverlight application improvements you can make by 
understanding the Silverlight internals 

Silverlight Principles

With Silverlight, you can write applications that

� Deploy through a Web browser

� Run in a secure environment 

� Are visually appealing media and rich Internet applications 

� Are easy to develop and maintain

� Run on a variety of operating systems and Web browsers

Web Deployment
Silverlight applications will download and launch each time a user visits a Web
page with Silverlight content. You can update your application to a new ver-
sion by replacing the application on the Web server. Even when the application
is run outside the Web browser, it will also download from your Web site when
connected to the network so that your application always stays up to date.

You must install the Silverlight runtime to view Silverlight content. If a
user has not installed the Silverlight runtime, Silverlight pages typically
display a prompt to install the runtime, as shown in Figure 1.3. As
 Silverlight adoption continues to increase, fewer users will need to down-
load the runtime to view your content. If the Silverlight runtime is not pres-
ent, a user can download and install the runtime in about 10 seconds.

Security
After a user installs the Silverlight runtime, that user can visit a  Silverlight
Web page without additional security prompts. However, a malicious Web
site must not be capable of writing a Silverlight application that harms an
end-user computer or discloses private information. 



Figure 1.3: Visiting a Silverlight Web page without installing

the Silverlight runtime
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This security requirement makes it necessary to restrict the features
 provided in Silverlight or to expose them in only a safe way. For example,
Silverlight cannot allow a Web site to read and write �les directly since a
malicious Web site can easily harm your computer with that ability.
 Silverlight can allow an application to use �le open and �le save dialogs
that require user permission to load and save �les. Alternatively, Silverlight
can allow an application to automatically load and save from an isolated
storage system that is separate from important user �les.

Media and Rich Internet Applications
Many of the features you need to write media and rich Internet applications
are not in most Web browsers or may not be convenient to use. For exam-
ple, most Web browsers cannot play videos. Some Web browsers have vec-
tors graphics support through scalable vector graphics (SVG), but some do
not. In some cases, you can write the application in JavaScript, but that may
be inconvenient. For example, if you want to share code between your
client application and your ASP.NET page, you would ideally want to write
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shared code that you can run in both places, rather than writing JavaScript
for the Web page and C# for the server.

Silverlight solves these problems by providing the features you need to
write media and rich Internet applications in a single runtime that runs
across Web browsers and operating systems. In particular, you can use
.NET programming languages, video, vector graphics, control libraries,
layout services, data services, networking, and a set of other libraries that
make writing a rich Web application easier.

Ease of Development
Silverlight content consists of both the application code and the graphical
presentation components. There are a number of tools available to make 
Silverlight development easy. For example, to design the visual appearance
of your application, controls, and animation, you can use tools such as
Expression Blend. For writing code, debugging, and performance pro�ling,
you can use the Visual Studio tools with the Silverlight Software Develop-
ment Kit (SDK). See http://silverlight.net/getstarted for instructions on
how to get started. 

Different individuals can use different tools simultaneously while
developing a single component of an application. You can represent the
visual display of your application in an XML format called XAML while
you write the code in C#. All components in Silverlight provide a separa-
tion between the XAML and the C# code that enables a designer to edit the
visual assets independently from the developer changing code. A designer
can change the visual appearance of a well-written Silverlight application
without modifying any code.

Silverlight also makes development easier by providing you with a
choice of development language and environment. For example, you can
write your Silverlight application with C#, Visual Basic, or even access the
application libraries from JavaScript on the HTML page. 

Cross Platform 
You can write your Silverlight application once and run it on a variety of
operating systems and Web browsers. In particular, Silverlight will run on
Windows 2000, Windows XP, Windows Vista, Windows 7, and MacOS.
Additionally, Novell has a Moonlight project to provide Silverlight support

http://silverlight.net/getstarted
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for Linux. In addition to running on multiple operating systems, Silverlight
will run on a variety of Web browsers including Internet Explorer, Firefox,
and Safari. Other Web browsers may also work.

One consequence of cross-platform support is that Silverlight does not
include features if they are not available on all operating systems. For
example, Silverlight only uses the video decoders included with the 
Silverlight runtime to play video, and Silverlight will not use other
decoders already installed on an end-user�s machine. Similarly, you can
only use a �xed list of known fonts available on all operating systems or
embed custom fonts with your application.

Limiting access to features not available on all operating systems does
restrict what you can do with Silverlight, but it is a necessary restriction to
ensure your application runs identically on different platforms.

Silverlight Features

The Silverlight 3 runtime features include

� A version of the CLR that you can use to write applications in a
.NET language 

� An application model for building and deploying applications

� A vector graphics drawing system

� A text display system

� An input system

� An animation system

� A layout system for arranging and resizing elements 

� A set of common user interface controls

� A data-binding system for connecting data to your application
 elements

� Networking libraries

This section will provide you an overview of the Silverlight 3 features
and will highlight some of the new features in Silverlight 3 not available in
Silverlight 2.
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Application Model
The Silverlight application model is the framework for writing and deploying
Silverlight applications. The application model includes deployment pack-
ages (XAPs) that consist of a declarative XML format (XAML) and application
code. Your application code can be written either in a .NET common language
runtime (CLR) language such as C# or in JavaScript on your HTML page. The
application model also supports progressively downloading resources,
adding a splash screen, and persisting application states. 

In Silverlight 3, you have the new ability of allowing an end-user to
install your application and run it outside the Web browser.

Graphics
Silverlight provides modern graphics at real-time speeds and the tools 
to generate those graphics. In particular, the graphics system includes 
vector shapes, anti-aliasing, images, pens, gradients, opacity effects, trans-
forms, clipping, and a number of other features required for a modern user
interface design. In addition to having the basic primitives, Silverlight
allows you to build a hierarchy of graphics elements and animate elements
within that hierarchy. Silverlight includes a number of features to speed 
up graphics animation including multicore support and optimized display
of occluded shapes. Silverlight can also display deep zoom images that
quickly load, zoom, and pan independent of the size of the image if it is
stored in deep zoom format.

You can use tools such as Expression Blend and Expression Design to
create Silverlight graphics or import content from other tools. You can use
Deep Zoom Composer to create images in deep zoom format. 

Silverlight 3 adds graphics processing unit (GPU) acceleration, 3D trans-
forms, and effects. You can use GPU acceleration to improve animation and
video performance. You can use 3D transforms to tilt Silverlight content in
a 3D world. You can use effects such as blur, drop shadows, and custom
effects to create an enhanced visual appearance.

Text
You can also use Silverlight to display, lay out, and edit text. Although you
can already display and edit text in an HTML page, having support in



 Silverlight is required so that you can integrate text into your controls or
display text on top of graphics or video. Some features in Silverlight 
duplicate functionality in the Web browser for integration purposes.

Silverlight 3 has signi�cantly improved text quality compared to
 Silverlight 2.

Input
Silverlight includes mouse and keyboard events to add interactivity to your
application. Input is a feature you can use natively in the Web browser, but
support in Silverlight is required so that you can write self-contained inter-
active controls that do not require any JavaScript.

Silverlight 3 added support for new input events such as mouse wheel
events and multi-touch events that were not present in Silverlight 2.

Animation
In addition to having interactive content with rich graphics, you can also
add animations that change property values over time. For example, you
can use Silverlight animations to move an object, zoom the display, or apply
an alpha fade transition. 

In Silverlight 3, there is new support for custom animation functions
and a library of built-in functions to create motion paths that ease into
place, bounce, or perform a variety of other animation functions.

Layout
Silverlight provides a layout system to automatically size and position
 elements in your application. For example, there are elements such as a
StackPanel that you can use to position elements in a horizontal or verti-
cal stack. In addition to using the built-in layout elements to size and posi-
tion other elements, you can create your own custom layout elements that
 participate in the Silverlight layout system. 

Media
With Silverlight, you can play HD quality video streaming over the Web. The
video playback capabilities include support for live video feeds, streams that
will dynamically switch bitrates based on your current connection speed,
small buffer times, playlist support, embedded events in video streams, and
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many more video features. Silverlight 3 adds support for H264 video in 
addition to the VC1 format video you could play in  Silverlight 2. 

You can also play a variety of audio �le formats including MP3, WMA,
and AAC. AAC support is new in Silverlight 3.

Controls
Silverlight comes with the standard set of user interface controls you would
expect from any framework including buttons, combo boxes, list boxes,
scroll viewers, text editing controls, and so on. You can customize the
appearance of Silverlight controls more than HTML controls. Each control
has a visual template that de�nes its appearance, and you can replace that
visual template to rede�ne the visual display of that control. You can also
create your own custom controls.

In Silverlight 3, your controls will load and display signi�cantly faster
than Silverlight 2. The built-in Silverlight 3 controls now support validation
of input values and display error information for invalid �elds.

Data Binding
Silverlight has a set of data-binding services you can use to connect your
data directly to elements and lists in your applications. Displaying live data
in user interface controls is easy and automatic with data binding. 

In Silverlight 3, you can also bind one control property to another
 control property directly. 

Networking
In addition to providing the same HTTP requests you can accomplish with
AJAX, Silverlight provides additional networking services. These services
include downloading compressed data and opening direct socket connec-
tions with servers.

Under the Hood

One of the Silverlight design goals is to make application development
easy. To accomplish this goal, Silverlight provides runtime features that
work automatically. For example, you can start an animation that will run
for some duration without any of your application code running. With

Under the Hood 9
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these high-level services, you can write applications rapidly. However, the
Silverlight runtime does lots of work for you behind the scenes.

Each chapter in this book contains a section that describes how
 Silverlight works �under the hood.� Learning about Silverlight runtime
implementation will help you write better applications. In particular,
you can

� Get a better understanding of what the features do

� Improve the performance of your applications

Where Are We?

This chapter has discussed

� The Silverlight design principles 

� The Silverlight 3 feature set

� An introduction to the �under the hood� information available in
the remaining chapters

The following chapters will provide in-depth information about
 Silverlight features.



2 
Applications

I N THIS CHAPTER , you will learn how to write Silverlight applications.
Although you can accomplish a variety of tasks with Silverlight, every

Silverlight application has the same structure:

� A mechanism to host and deploy your application from a Web page

� A set of �les consisting of the code and resources for your application

� A set of libraries with common controls and application services

� A runtime that performs common application tasks on your behalf

This chapter discusses the application model principles, how to build a
simple application, the components of a Silverlight application, and how
every Silverlight application works �under the hood.�

Application Principles

The goal of Silverlight is to let you easily develop visually appealing Web
applications. This development model includes a set of platform libraries,
the ability to use a variety of .NET languages, a security model that enables
Web page access to your application without an install process, out of
browser applications, and a mechanism to enable designers and  developers
to work concurrently to create production quality Web sites.

11



Web Deployment and Out of Browser
You can host your Silverlight application on a Web page without requiring
users to install your application on their client machine. The application
user needs to install the Silverlight plug-in once on the machine, but after
that installation, all Silverlight applications will run in the Web browser
without further installations or prompts. Silverlight downloads and starts
your application every time a user visits your Web site. 

To enable Web page deployment, a Silverlight application should have
an HTML page and a reference to a Silverlight XAP package. A XAP, pro-
nounced �zap,� is a compressed package of the code, data files, and mani-
fest for your application. The XAP manifest specifies which managed code
assemblies to download, which language resources to use, the entry point to
your application, and other information required to load your application.

Technical Insight
A Silverlight XAP file is a ZIP file. You can rename the .XAP file extension to
.ZIP and view the contents with any ZIP tool.

In Silverlight 3, you can also add information to your application
 manifest to allow the application to run outside of the Web browser and
behave like a desktop application. The application remains in a security
sandbox, so the user can safely take your application out of the browser
without worrying about the application harming his or her machine. When
running an application out of the Web browser, an application can run even
if there is no network connection available.

Platform Libraries
Silverlight extends what you can do on the Web with HTML and JavaScript
by providing the following:

� A graphics library supporting video, vector graphics, and multi-scale
images support

� High performance code execution using the .NET common lan-
guage runtime for significantly larger or more computational

Chapter 2: Applications12



intensive applications than are currently possible with
JavaScript

� Networking services for retrieving data for your client side
 application

� Data services for accessing and integrating data into your application 

� User interface controls for use in your applications

� Storage services to enable your application to store local state
 without violating end user security or privacy

The remaining chapters in this book describe these services in detail. This
chapter discusses the application itself including how to deploy the appli-
cation, the application parts, and how the runtime works �under the hood.�

Designer and Developer Collaboration
Modern Web applications often include both application logic and an 
artist-generated design with separate individuals working on the graphic
design (the designer) and the application logic (the developer). Enabling
these individuals to work concurrently to build a Web site is a key design
principle of the Silverlight application model. To accomplish this goal, 
Silverlight provides a declarative XML file format for graphics and layout,
called a XAML file, which the developer can connect to application code.
The designer can use tools such as Expression Blend to edit the application
layout and graphic design, whereas the developer can concurrently use
Visual Studio to write the application code.

Cross Platform
Another key design principle of Silverlight development is to enable you
to author your Web application once and deploy to a number of different
operating systems and Web browsers. Although you can author 
cross-platform Web content with HTML and JavaScript, that application
may behave differently based on implementation differences between 
different Web browsers. To address this problem, the Silverlight browser
plug-in contains the same code execution engine (the .NET common 
language runtime) and the same platform libraries on all machines so that
your application will continue to work independently of the Web browser
or operating system used on the client machine.
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Security
Silverlight enables you to deploy your application from a Web page
 without an installation process or a security prompt as would happen with
a traditional desktop application. Consequently, the operations available to
your application must be restricted so that a malicious Web site is incapable
of using Silverlight to attack a client machine. For example, you cannot use
the client �le system without user permission, make arbitrary operating
system calls, or perform other potentially unsafe operations. If you require
access to the operating system directly, consider authoring a desktop appli-
cation with the desktop .NET client runtime instead of Silverlight. 
The desktop .NET client runtime has many features not in Silverlight and
runs on Windows operating systems. 

Creating an Application in Visual Studio

The easiest way to create a simple Silverlight application is to install the
 Silverlight tools for Visual Studio from http://silverlight.net/getstarted.
With the tools installed, you can create a new Silverlight project as shown
in Figure 2.1.
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Creating a Silverlight project makes the following:

� A test HTML page that hosts your application

� An A ppManifest.xml �le that contains a description of your application

� An A pp.xaml �le that instantiates a Silverlight application object

� A MainPage.xaml �le that de�nes your application contents 

� Build rules for automatically creating your application XAP package
and launching the test HTML page when you select to run or debug
your application

There are many components of an application you need to understand.
To create a functional application, you can get started by adding content to
the MainPage.xaml �le. For example, to create a button, you can add a
Button element to the created XAML:

<UserControl x:Class="HelloWorld.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
Width="400" Height="300"
>
<Grid x:Name="LayoutRoot" Background="White">
<Button Content="HelloWorld"/>
</Grid>
</UserControl>

Running this application will produce the result shown in Figure 2.2.
The remainder of this chapter explains the elements shown in this

 example. In particular, you learn about the HTML page you need to host
Silverlight applications, the Silverlight XAP package, the application man-
ifest for your application, the application object, and how to use XAML.

Application Components

The Visual Studio project creates many files for your application. To under-
stand what each of these files do, this section shows you how to construct
a project from scratch without using Visual Studio. Although you would
 normally not construct projects without Visual Studio, constructing one
from scratch helps you understand the components of a Silverlight 
application.
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To create a Silverlight application, start with an HTML page that hosts
the Silverlight runtime:

<body>
<object
data="data:application/x-silverlight"
type="application/x-silverlight-2"
width="100%"
height="100%"
>
<param name="source" value="HelloWorld.xap"/>
</object>
</body>

The source parameter indicates the Silverlight XAP to load. A XAP is a
 simple ZIP �le (renamed to .XAP) that consists of the following:

� An A ppManifest.xaml �le indicating which components to download
and load to run the application

� A set of .NET assemblies with your application code

� Other resources used by your application such as XAML �les,
images, videos, fonts, and so on
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The A ppManifest.xaml �le consists of the declaration of an entry point,
runtime version, and list of assemblies to load:

<Deployment
xmlns="http://schemas.microsoft.com/client/2007/deployment" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
EntryPointA ssembly="HelloWorld" 
EntryPointType="HelloWorld.A pp" 
RuntimeVersion="3.0.40624.0"
>

<Deployment.Parts>
<A ssemblyPart Source="HelloWorld.dll" />
</Deployment.Parts>

</Deployment>

Technical Insight
The RuntimeVersion property indicates the Silverlight runtime version
you tested your application with. Newer versions of Silverlight can run your
older applications without you having to change any code. This version
number tells Silverlight to be compatible with the runtime version you
specify. There are minor changes to existing behavior with new Silverlight
versions, but Silverlight emulates an older version if you specify an older
version number. 

The next step is to construct a HelloWorld.dll assembly that consists of
the specified HelloWorld.A pp entry point:

using System;
using System.Windows;
using System.Windows.Controls;

namespace HelloWorld
{
public partial class A pp : A pplication
{
public A pp()
{
// Hook up a startup event handler for initializing content
//
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// The RootVisual cannot be modified here since it will be
// used in the startup page animation. Defer initialization to 
// the startup event after your application has loaded.
//
this.Startup += this.A pplication_Startup;

// You can also connect event handlers for shutdown and error 
// handling
// 
// this.Exit += this.A pplication_Exit;
// this.UnhandledException += this.A pplication_Unhandled;
}

private void A pplication_Startup(
object sender, 
StartupEventA rgs e
)
{
// Create a hello world TextBlock
TextBlock textBlock = new TextBlock();
textBlock.Text = "Hello World";

// Create a container canvas
Canvas canvas = new Canvas();
canvas.Children.A dd(textBlock);

// Set the application root to display the canvas
this.RootVisual = canvas;
}
}
}

In this example, the entry point is the HelloWorld.A pp constructor that
hooks up a Startup event handler that creates the application contents. You
need to create your application contents in the Startup event handler after
the startup screen loading animation. You can also hook up the Exit event
to save state when your application is going away, or hook up the
UnhandledException handler event to get information about exceptions
thrown during the execution of your application.

Although you can use the structure shown previously to construct the
application, you should construct your application objects through
XAML, the Silverlight declarative XML instantiation language. You can
conveniently edit XAML with WYSIWYG tools such as Expression Blend
and XAML will load faster than the equivalent initialization code. 
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To use XAML to build the previous example application, modify 
HelloWorld.A pp to load a XAML file:

using System;
using System.Windows;

namespace HelloWorld
{
public partial class A pp : A pplication
{
public A pp()
{
System.Windows.A pplication.LoadComponent(
this, 
new System.Uri(
"/HelloWorld;component/A pp.xaml", 
System.UriKind.Relative

)
);
}
}
}

Here is the XAML �le that corresponds to the sample application in the
 previous code example:

<A pplication
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<TextBlock Text="Hello World"/>
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PERFORMANCE TIP
You may expect instantiating objects from code to be faster than
parsing XAML, but XAML is faster in most cases. The reason XAML
is faster is that the XAML parser does not create the API objects you
use to interact with elements, but instead only creates an internal
representation. After you start interacting with elements from code,
Silverlight creates API objects that will slow down your application.



</Canvas>
</A pplication.RootVisual>
</A pplication>

A XAML �le speci�es which objects to create and what properties to set. 
For example, the A pplication tag creates the HelloWorld.A pp class. The
A pplication.RootVisual tag speci�es that the RootVisual property of the
A pplication object be set to the Canvas element contained within that tag.
Generally, setting an XML attribute speci�es setting a property to the value
speci�ed by the value of the attribute. You can also set a property by using
a special tag named <MyClass.MyProperty> to specify that property
MyProperty be set on class MyClass to the value of the element nested
within the scope of the XAML tag. This property syntax enables you to set
a property to a tree of objects rather than a simple string-based value.

The previous XAML is equivalent to

� Constructing the A pplication object. The x:Class property
 indicates that this object is de�ned by the HelloWorld.A pp class. All
event handlers speci�ed in the XAML �le refer to methods on the
HelloWorld.A pp class

� Constructing the Canvas element

� Setting the A pplication.RootVisual property to the Canvas element

� Constructing the TextBlock element

� Setting the TextBlock element as a child of the Canvas element

� Setting the Text property on the TextBlock element to �Hello
World�

The structure of every Silverlight application follows the same pattern
shown in this section. In particular, the application consists of

� The HTML page that hosts the Silverlight plug-in

� A ZIP �le (with a .XAP extension) that contains

� An application manifest named A ppManifest.xaml

� An assembly for user code such as HelloWorld.dll above

� One or more XAML files defining the application contents
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Taking an Application Out of Browser (New in Silverlight 3)
A new feature in Silverlight 3 is the capability to run your applications 
outside the Web browser. To use this feature, set the Deployment.
OutOfBrowserSettings property in your A pplicationManifest.xml:

<Deployment
xmlns="http://schemas.microsoft.com/client/2007/deployment" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
EntryPointA ssembly="HelloWorld" 
EntryPointType="HelloWorld.A pp" 
RuntimeVersion="3.0.40624.0"
>
<Deployment.Parts>
<A ssemblyPart Source="HelloWorld.dll" />
</Deployment.Parts>

<Deployment.OutOfBrowserSettings>
<OutOfBrowserSettings ShortName="Hello World" >
<OutOfBrowserSettings.WindowSettings>
<WindowSettings Title="Hello World"/>
</OutOfBrowserSettings.WindowSettings>
<OutOfBrowserSettings.Blurb>
Description of your Silverlight application
</OutOfBrowserSettings.Blurb>
</OutOfBrowserSettings>
</Deployment.OutOfBrowserSettings> 
</Deployment>

Now that you have set your out of browser settings, an end user can
install your application from the right-click menu as shown in Figure 2.3.
The only prompt the end user sees is one that asks which shortcuts to cre-
ate. For example, on Windows operating systems, the prompt is the one
shown in Figure 2.4. When the end-user runs that application, it runs with-
out the browser chrome as shown in Figure 2.5.

Even when you run an application outside the Web browser, Silverlight
downloads new versions of your application automatically if you 
update the version on your Web server. Of course, you can also run the
application if a network connection is not present. You can detect if 
your application is running outside the Web browser by checking the
A pplication.Current.IsRunningOutOfBrowser property. 
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Figure 2.3: Application install menu

Figure 2.4: Application install prompt

XAML
As shown by the example application, you can use a XAML �le to construct
your application objects. This section provides more detail on the basics of
XAML:

� How to use built-in and custom namespaces to de�ne the objects
that you can use in a XAML �le

� How Silverlight converts property values from a string to a strongly
typed object



� How to connect event handlers to objects instantiated in XAML

� How to de�ne a custom class in XAML

Namespace
To specify which types are available in your XAML �le, set the xmlns prop-
erty on the root tag to a namespace that de�nes the available types. You
must specify the "http://schemas.microsoft.com/client/2007" name-
space that indicates that all built-in Silverlight types are available. For
example, to use the Canvas element and TextBlock element in our previous
example:

<A pplication 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<TextBlock Text="Hello World"/>
</Canvas>
</A pplication.RootVisual>
</A pplication>
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In addition to the basic client namespace, the "http://schemas.microsoft.
com/winfx/2006/xaml" namespace is optionally available for particular prop-
erties and special values. For example, to name an object, you can set the Name
property from this special namespace:

<A pplication
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<TextBlock x:Name="myTextBlock" Text="Hello World"/>
</Canvas>
</A pplication.RootVisual>
</A pplication>

After naming an object, you can retrieve that object pointer from the code
inside a FrameworkElement event handler and use it from your application.

TextBlock myTextBlock = (TextBlock)FindName("myTextBlock");

myTextBlock.Text = "Hello World";

In addition to using the built-in element types, you can use other types
from an assembly you include in your application XAP. For example, 
to use a MyButton class in a MyNamespace namespace from your own 
MyCustomA sembly.dll:

<A pplication
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:myTypes="clr-namespace:MyNamespace;assembly=MyCustomA ssembly"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<myTypes:MyButton Content="Hello"/>
</Canvas>
</A pplication.RootVisual>
</A pplication>

Type Converters
The property values seen in the example XAML �les were XML attribute
strings; however, the actual properties are strongly typed and can be a
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Figure 2.6: Example path

Double, Point, or some other type. For example, the XAML to draw the
path is shown in Figure 2.6.

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Path
StrokeThickness="10"
Stroke="Black"
Fill="Red"
Data="M 14,16

C 14,16 -8,256 64,352
C 136,448 185,440 247,336
C 309,233 448,416 448,416
L 436,224
Z"

/>

</Canvas>

The type of the Data property on the Path element is Geometry and not
String. The Silverlight XAML parser converts from a string to a property
value using a type converter. For the Geometry type converter, a 
mini-language with a move command M, a line command L, and a set 
of other  commands are used to build the Geometry object. Table 2.1 shows
some example type converters. 
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Type Example Syntax

String "hello world"

Double "123.456"

Point "10, 20"

Matrix "2,0.5,0.75,2,12,12"

SolidColorBrush "Red" or "#ffff0000"

PathGeometry "M 10,10 L 100,100"

Event Handlers
To make your XAML interactive, you can connect an event handler from
your XAML �le. For example, if you have a Silverlight Button, you can
connect the Click property to an event handler on your HelloWorld.A pp
class:

<A pplication
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<Button Content="Hello World" Click="Button_Click"/>
</Canvas>
</A pplication.RootVisual>
</A pplication>

The event handler can access the object that sent the event through the
sender parameter:

namespace HelloWorld
{
public partial class A pp : A pplication
{
private void Button_Click(object sender, RoutedEventA rgs e)
{
Button button = (Button)sender;

Table 2.1: Example Type Converter Syntax



button.Content = "Hello World Clicked Once";
}
}
}

Custom Classes
There are two steps to creating a custom XAML element. First, you must
de�ne it using either code or a combination of XAML and code. Second,
you must let the XAML parser know how to �nd your custom class.

For example, to make a red ellipse element, you can inherit from a
Canvas element and draw the ellipse in the Canvas element constructor:

public class MyEllipse : Canvas
{

public MyEllipse()
{
// Create an ellipse

Ellipse ellipse = new Ellipse();

ellipse.Fill = new SolidColorBrush(Colors.Red);
ellipse.Width = 100;
ellipse.Height = 100;

// A dd the ellipse as a child of the Canvas

this.Children.A dd(ellipse);
}

}

To let the XAML parser know how to �nd MyEllipse from XAML, add
an xmlns attribute indicating the assembly and namespace, and instantiate
the element using that namespace:

<A pplication 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:myTypes="clr-namespace:HelloWorld;assembly=HelloWorld"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<myTypes:MyEllipse />
</Canvas>
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</A pplication.RootVisual>
</A pplication>

Because MyEllipse inherits from the Canvas element, it can be contained
in other Canvas elements and Silverlight will draw the contents of the
Children collection.

You can also add properties to the MyEllipse element by adding public
properties on the class:

public class MyEllipse : Canvas
{
private Ellipse ellipse;

public MyEllipse()
{
// Create an ellipse

this.ellipse = new Ellipse();

this.ellipse.Fill = new SolidColorBrush(Colors.Red);
this.ellipse.Width = 100;
this.ellipse.Height = 100;

// A dd as a child of the Canvas

this.Children.A dd(this.ellipse);
}

public Brush FillColor
{
set
{
this.ellipse.Fill = value;
}

get
{
return this.ellipse.Fill;
}

}
}

The new FillColor property is accessible from XAML and Silverlight
parses that property using the Brush type converter:

<A pplication 
xmlns="http://schemas.microsoft.com/client/2007"
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xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:myTypes="clr-namespace:HelloWorld;assembly=HelloWorld"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<myTypes:MyEllipse FillColor="Blue"/>
</Canvas>
</A pplication.RootVisual>
</A pplication>

Another common mechanism to de�ne a custom element is to use another
XAML �le. For example, in the previous example, the MyEllipse element cre-
ated a set of elements that are also expressible in XAML. To de�ne  MyEllipse
in XAML, �rst inherit from the UserControl class and load a XAML �le:

public partial class MyEllipse : UserControl
{
private Ellipse ellipse;

public MyEllipse()
{
// Load the XA ML file

System.Windows.A pplication.LoadComponent(
this,
new System.Uri(
"/HelloWorld;component/MyEllipse.xaml",
System.UriKind.Relative
)
);

// Find the ellipse
this.ellipse = (Ellipse)this.FindName("myEllipse");  
}

public Brush FillColor
{
set
{
this.ellipse.Fill = value;
}

get
{
return this.ellipse.Fill;
}
}
}
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Then, de�ne the MyEllipse.xaml �le to instantiate the initial elements:

<UserControl 
x:Class="HelloWorld.MyEllipse"
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
>
<Ellipse 
x:Name="myEllipse" 
Fill="Red" 
Width="100" 
Height="100"
/>
</UserControl>

The primary advantage of using a XAML �le to de�ne the content for
the element is that you can now edit this �le using a visual design tool such
as Expression Blend. As long as the named objects remain, any other part of
the XAML can change without requiring the code to change. For example,
you can add a border element around the Ellipse element and the
MyEllipse element will continue to work.

XAP Package
As previously discussed, your application code, XAML �les, data �les, and
manifest can all be packaged in a ZIP �le with a .XAP extension for deploy-
ment purposes. To build a XAP, you can build it manually by using the
Windows ZIP tool; however, the simplest method to create packages is to
create a Silverlight project in Visual Studio. See http://www.silverlight.
net/getstarted for information on how to use the Visual Studio tools to
 create Silverlight applications.

The other key function of a package is to hold other data �les such as
images, fonts, XAML �les, and so on. To reference a component in the
 package �le, you can use a relative URI from a XAML �le:

<A pplication
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<Canvas>
<Image Source="silverlight.png"/>
</Canvas>
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</A pplication.RootVisual>
</A pplication>

In the previous example, you can include silverlight.png in the XAP,
a resource of HelloWorld.dll, or a loose �le in the case of a loose XAML
�le. It is possible to avoid the package and have loose �les available on your
Web server; however, the loose �le deployment model produces signi�-
cantly slower load times. You can also specify the same relative URI to 
reference �les from within your application code:

Image image = new Image();

image.Source = new BitmapImage(
new Uri("/silverlight.png", UriKind.Relative)

);

For XAML �les, the LoadComponentAPI loads the XAML �le and initializes
the object instance from that XAML �le. For example, to load an application
object:

System.Windows.A pplication.LoadComponent(
this, 
new System.Uri(
"/HelloWorld;component/A pp.xaml", 
System.UriKind.Relative
)
);

The relative URI speci�ed for loading a component requires a special
 syntax that speci�es both the namespace and the path to the XAML
 component.
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PERFORMANCE TIP
The XAP �le both produces a smaller download size and reduces the
number of download requests when loading your application. On
some Internet connections, the latency for a download request can be
50ms or higher. For example, 20 to 100 download requests can increase
your application load time by several seconds. Using a XAP enables
you to have one download request for all the �les initially used in your
application.

You can also load assemblies on-demand for components of your
application that are not always needed.



Under the Hood

The examples in this chapter have been few lines of XAML and code;
 however, the Silverlight runtime was downloading components, uncom-
pressing packages, positioning and sizing controls, and rendering your
application.

This section will begin the �under the hood� introduction to Silverlight
by providing an overview of all the Silverlight runtime components that
run to make your application function. Future chapters go into further
detail into the functionality of these components and contain a number of
hints on how to take advantage of the internals to improve the quality of
your application.

Architecture Overview
The major compnents in the Silverlight runtime shown in Figure 2.7
include the following:

� A Silverlight plug-in object that you host on your Web page

� A downloader for downloading your XAP package and any other
�les referenced in your XAML or code 

� A XAML parser for instantiating the objects declared in your XAML
�les

� The .NET common language runtime for running your application code

� An event system for dispatching events to your application code

� A declarative element tree that maintains the structure of your 
application view

� An animation system that can change values of properties over time
to create animation effects

� A layout system that can position and lay out objects dynamically
based on the size of the view area and the size of content within the
layout elements

� A rendering system for drawing your application contents to the
screen

This section discusses each of these components in more detail.
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Silverlight Plug-In
The Silverlight plug-in is the primary entry point for Silverlight. The 
plug-in has a source property for referencing the XAP to load in the 
HTML page:

<body>
<object
data="data:application/x-silverlight,"
type="application/x-silverlight-2"
width="100%"
height="100%"
>
<param name="source" value="HelloWorld.xap"/>

</object>
</body>

In addition to the source property, there are a number of other useful
properties such as an onError property to specify an error handler for view-
ing your runtime errors, a background property for changing the back-
ground color of your control, and other properties described in the
 Silverlight Software Development Kit (SDK).

The Silverlight plug-in represents an instance of your application and all
services run for the lifetime of the plug-in. For example, you will have one
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A ppDomain instance for your plug-in object and that A ppDomain will be shut
down when the Web browser destroys the plug-in.

The main loop for your application is within the Web browser itself, and
not the Silverlight runtime. Silverlight responds to draw requests, input
events, and timer events. In response to these events, Silverlight invokes
your event handlers. If your application code takes signi�cant time in
response to an event, it is possible for you to cause the Web browser to
become unresponsive.
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PERFORMANCE TIP
Application code invoked from Silverlight event handlers will be on
the same execution thread as the Web browser. Waiting for a long dura-
tion operation such as a network request can cause the Web browser to
become unresponsive. You should make asynchronous requests and
never block the execution thread waiting for the result. Silverlight calls
back your code for asynchronous operations and you can continue
execution at that point.

PERFORMANCE TIP
Silverlight begins downloading components and running your appli-
cation as soon as the Silverlight plug-in object is loaded. To improve
the load times of your Web page, instantiate the Silverlight plug-in as
early as possible in your Web page logic.

PERFORMANCE TIP
If you no longer need the Silverlight control to run, free the reference
in JavaScript to free all resources consumed by the Silverlight runtime
by removing the plug-in object through the HTML DOM (document
object model) and setting all references to null.

Downloader
Early during the startup process, the Silverlight runtime downloads your
application XAP. If that XAP contains references to other �les on your Web



server or if you request other explicit downloads, Silverlight also initiates
those downloads. 

The Silverlight downloader internally makes download requests
through the hosting Web browser. For example, if Internet Explorer is
 hosting Silverlight, Silverlight asks Internet Explorer to download your
�les. The consequences of downloading through the Web browser include
the following:

� Downloads are cached in the Web browser cache.

� You are limited to two simultaneous downloads per domain on all
popular Web browsers.

� You have the same security context as the hosting Web page. For
example, you can download resources from the same authenticated
HTTPS session as the hosting Web page.

� The download uses the proxy settings set in the hosting Web
browser.

After a download has completed, Silverlight gives the data to another
component in the system. For example, your main application XAP is
uncompressed by the packaging system and given to the .NET common
language runtime to begin execution of your application code. 

XAML Parser
As your application loads, the XAML parser parses your XAML �les and
instantiates and initializes those objects. This construction process is
semantically equivalent to programmatically constructing the objects in
your application startup event.
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PERFORMANCE TIP
Some network connections may have latency that is orders of magni-
tude larger than what you might observe in your testing. You should
test on high latency connections to ensure you get acceptable applica-
tion performance. If download latency results in long load times, 
minimize the number of separate download requests to improve your
application load speed.



.NET Common Language Runtime
You can write your code in a number of .NET common language runtime
languages including C#. All the features you expect such as secure execu-
tion of code, garbage collection, type safety, and the basic class libraries are
all present. Some libraries have a subset of functionality from those from
the full .NET runtime; however, the basic functionality is present for use in
your application.

In addition to the .NET runtime components, you can also use the .NET
tools such as the language compilers, debuggers, pro�lers, and other .NET
tools to develop your Silverlight applications.

Element Tree 
As demonstrated in our sample applications, the basic model to display
content is to

� Construct a tree of elements through code or XAML

� Write code to respond to events that can manipulate that tree of
 elements

All Silverlight display and user interface features operate on this
 concept of building a tree and manipulating it. For example, to draw an
ellipse, you need to construct an Ellipse element and add it to the element
tree. Silverlight does not have a DrawEllipse method that can draw  content
directly to the screen.

There are a number of advantages to this model including simpler
authoring in tools such as Expression Blend and possible performance
advantages. Chapter 3, �Graphics,� further discusses the tradeoffs of this
retained element tree model.
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PERFORMANCE TIP
Initializing large numbers of objects is often faster when done through
XAML than through code due to a number of optimizations made
within the Silverlight runtime.



Event System
After your application has loaded, it responds to events from the Web
browser such as rendering requests and user generated mouse and
 keyboard events. After Silverlight receives an event from the Web browser,
it delegates to your application code based on your registered event
 handlers.

Animation
In addition to modifying properties in response to events, you can 
also set up an animation to change properties automatically over time.
For example, to move a rectangle from position (0,0) to position
(300,0):

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>
<DoubleA nimation
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
From="0" 
To="300" 
Duration="0:0:5"
/>

</Storyboard>
</BeginStoryboard>
</EventTrigger.A ctions>
</EventTrigger>
</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

Chapter 6, �Animation,� discusses the animation system in more detail. 
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Technical Insight
The declarative animation system enables tools such as Expression Blend
to author animations alongside the graphics and layout design of your
application. The animation system has other display quality and perform-
ance advantages that Chapter 6 will explain further.

Layout
The layout system is responsible for sizing and positioning content in
 Silverlight applications. For example, the content in Figure 2.8 can be
 displayed with the following XAML:

<A pplication 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:myTypes="clr-namespace:HelloWorld;assembly=HelloWorld"
x:Class="HelloWorld.A pp"
>
<A pplication.RootVisual>
<StackPanel>
<Button FontSize="24" Content="Top"/>
<Button FontSize="24" Content="Bottom"/>
</StackPanel>
</A pplication.RootVisual>
</A pplication>

In this example, Silverlight does the following:

� Measures the size of the text within the Button elements

� Measures the size of the Button elements
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Figure 2.8: Layout Example



� Sizes the Button elements based on the size of the Silverlight plug-in
display area and the contained text

� Positions the Button elements so that they stack vertically

Chapter 7, �Layout,� discusses the layout system in detail. 

Rendering
After Silverlight has downloaded an application, parsed the XAML, 
executed startup code, and run layout to position and size elements, it is
ready to render them to the screen. Silverlight includes its own rendering
system rather than using the one available on the target operating system.
The Silverlight rendering system gives consistent visual quality and 
performance independent of operating system and browser. It also sup-
ports more advanced rendering features than are available in HTML such
as anti-aliased vector graphics primitives, video, effects, 3D, and other fea-
tures not possible in all Web browser HTML implementations. Chapter 3
discusses the Silverlight rendering system in detail.

Where Are We?

This chapter described the following:

� The Silverlight application principles

� The components to a Silverlight XAP 

� An introduction to XAML

� How to integrate code with your display XAML

� What the Silverlight runtime does �under the hood� to run a Sil-
verlight application

Upcoming chapters will discuss the principles, basic function, and the
�under the hood� workings of the following:

� Graphics

� Text
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� Input

� Animation

� Video

� Layout

� Controls

� Data Binding
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3 
Graphics

IN THIS CHAPTER, you will learn how to add rich vector graphics and
images to your application. You will also learn how to optimize

 performance and image quality of those graphics elements. In particular,
Chapter 3 will discuss the following:

� The graphics system design principles

� The elements for displaying graphics

� The problems the Silverlight runtime solves �under the hood� and
the problems your application must solve

Graphics Principles

The Silverlight graphics API makes it easy to add vector graphics, bitmap
images, and text to your applications. This section describes the graphics
API design principles.

Vector Graphics and Bitmap Images
Bitmap images are a common method of adding graphics to an application.
However, bitmap images become blurry when scaled up, as shown in 
Figure 3.1, or aliased when scaled down, as shown in Figure 3.2. Unlike a
bitmap image, if you scale a vector graphic, it will remain sharp as shown
in Figure 3.3. Both vector graphics and bitmap images are useful in most

41
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Figure 3.1: Scaling up an image of a circle

Figure 3.2: Scaling down an image

of a circle

Figure 3.3: Scaling a vector graphic circle
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 applications. For example, a user interface control looks better at different
sizes and resolutions with vector graphics instead of bitmap images.
Bitmap images are useful for displaying content that is not easily
 expressible in vector form such as digital photographs or visual effects not
 supported by the runtime.

Retained Mode
There are two types of graphics API: retained mode and immediate mode.
A retained mode API automatically responds to changes to a graph of
objects. An immediate mode API requires you to issue all the draw com-
mands to describe a change. For example, to remove the rectangle shown in
Figure 3.4 in a retained mode system, simply call a function to remove that
element. The retained mode graphics system is responsible for redrawing
the background, the triangle beneath, and the ellipse above. To remove the
same rectangle shown in Figure 3.4 with an immediate mode API, you need
to make three calls to draw the background, the triangle beneath it, and the
ellipse above as shown in Figure 3.5.

New in Silverlight 3
There are a number of techniques for scaling down an image to produce a
result better than that shown in Figure 3.2. Silverlight 3 converts your
bitmap to a set of smaller images at various sizes using a better algorithm.
This conversion happens once per bitmap and Silverlight caches the result
of the conversion for the lifetime of your bitmap. During an animation,
 Silverlight 3 dynamically selects the right resolution bitmap to display. This
process can increase memory usage by 33%, but substantially improves
the display quality of scaled down images and 3D transforms to get a result
close to that shown in Figure 3.3.

When scaling up bitmaps in Silverlight 3, the image remains blurry as
shown in Figure 3.1.



Chapter 3: Graphics44

Figure 3.4: Removing a rectangle with a retained mode API

Figure 3.5: Removing a rectangle with an immediate mode API
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A retained mode API enables you to do the following:

� Construct a set of graphics elements

� Change properties of the graphics elements

� Build a graph representing the relationship between those elements

� Manipulate the graph structure

A retained mode graphics API is easier to use than an immediate mode
API and enables the underlying system to provide automatic performance
optimizations such as drawing incrementally and avoiding the drawing of
occluded shapes. Silverlight provides a retained mode system to optimize
for ease of use, animating vector graphics content, and for building appli-
cations composed of UI controls. 

In Silverlight, you can construct the retained mode graph declaratively
with a XAML �le:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� triangle ��>
<Path 

Fill="Green" 
Data="F1 M 128,12L 12,224L 224,224"

/>

<!�� rectangle ��>
<Rectangle 

Fill="Blue"
Canvas.Left="96" 
Canvas.Top="160" 
Width="256" 
Height="224" 

/>

<!�� circle ��>
<Ellipse 

Fill="Red"
Canvas.Left="230" 
Canvas.Top="288" 
Width="200" 
Height="200" 

/>

</Canvas>
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Alternatively, you can construct the retained mode graph with code:

Canvas canvas = new Canvas();

//
// Make the triangle
//

Path path = new Path();

path.Fill = new SolidColorBrush(Colors.Green);

PathFigure pathFigure = new PathFigure();

pathFigure.StartPoint = new Point(128, 12);

LineSegment lineSegment1 = new LineSegment();
lineSegment1.Point = new Point(12, 224);
pathFigure.Segments.A dd(lineSegment1);

LineSegment lineSegment2 = new LineSegment();
lineSegment2.Point = new Point(224, 224);
pathFigure.Segments.A dd(lineSegment2);

PathGeometry pathGeometry = new PathGeometry();
pathGeometry.Figures = new PathFigureCollection();

pathGeometry.Figures.A dd(pathFigure);

path.Data = pathGeometry;

canvas.Children.A dd(path);

//
// Make the rectangle
//

Rectangle rectangle = new Rectangle();

rectangle.Fill = new SolidColorBrush(Colors.Blue);
Canvas.SetLeft(rectangle, 96);
Canvas.SetTop(rectangle, 160);
rectangle.Width = 256;
rectangle.Height = 224;

canvas.Children.A dd(rectangle);

//
// Make the circle
//
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Ellipse ellipse = new Ellipse();

ellipse.Fill = new SolidColorBrush(Colors.Red);
Canvas.SetLeft(ellipse, 230);
Canvas.SetTop(ellipse, 288);
ellipse.Width = 200;
ellipse.Height = 200;

canvas.Children.A dd(ellipse);

Cross Platform Consistency
An important goal for the Silverlight graphics engine is to enable a
 developer to write his or her application once and have it run consistently
across a variety of operating systems and browsers. Each operating system
has a local graphics library. However, these local operating system  graphics
libraries differ signi�cantly in feature set, performance, and image quality.
To ensure cross-platform consistency and performance, Silverlight includes
its own rendering engine. 

Tools
Silverlight is capable of loading vector and image content from designer tools
and integrating with developer written application code. For vector graphics
and animation, you can use Expression Design and Expression Blend to
 generate XAML content for use with the Silverlight runtime. There are also a
variety of free XAML exporters available to generate XAML content including
an Adobe Illustrator exporter, an XPS print driver, and several others. 

Balancing Image Quality and Speed
In addition to displaying static XAML, Silverlight provides real-time
 animation at 60 frames per second. However, real-time performance is
highly dependent on the application content, the speci�c hardware
 con�guration of the target machine, the resolution of the target display, the
 operating system, and the hosting Web browser. 

When an application does not meet the 60 frame per second goal, the
Silverlight team uses the following two options to improve performance:

1. Make optimizations to components in the Silverlight runtime

2. Lower image quality to achieve better speed 
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Reducing image quality for speed is the most controversial  optimization
technique. The Silverlight application must look good. However, it is
 possible to trade off image quality in a manner that is generally acceptable
to the end user. For example, vector graphics rendering makes some  quality
sacri�ces but still maintains an acceptable visual bar. On the other hand,
end users have a much higher standard for text quality and the Silverlight
runtime spends more CPU time rendering text clearly. 

Graphics Elements

As previously discussed, the Silverlight runtime can load and draw  vector
graphics XAML on a variety of platforms. The graphics elements can also
be speci�ed programmatically when you use C# or JavaScript. This section
describes the elements you can use to display vector graphics and images
in your applications.

Shapes
This section starts the graphics element discussion with the base class for all
graphics primitives: the Shape element. The Shape element provides the
 following:

� A Fill property to specify how the shape interior is drawn 

� A Stretch property to indicate how a Shape element stretches to a
speci�ed Width and Height

� Stroke and StrokeThickness properties to specify the pen
 behavior 

The elements that derive from Shape define the shape�s geometry. 
These elements include Rectangle, Ellipse, Line, Polygon, Polyline,
and Path.

Rectangle
To draw a rectangle at a specified position, place it in a Canvas element
and specify its Canvas.Top, Canvas.Left, Width, Height, and Fill color:
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<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="LightGray"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>

</Canvas>

You can add an outline to the rectangle as shown in Figure 3.6 by  setting
the Stroke property to specify the color and the StrokeThickness property
to specify the thickness:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="LightGray"
Stroke="Black"
StrokeThickness="10"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>

</Canvas>
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Figure 3.6: Rectangle element with an outline



You can use the Rectangle element to draw the rounded rectangles
shown in Figure 3.7 by specifying the RadiusX and RadiusY properties:
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Figure 3.7: Rectangle element with rounded corners

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="LightGray"
Stroke="Black"
StrokeThickness="10"
RadiusX="40"
RadiusY="60"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>

</Canvas>

Ellipse
As with the Rectangle element, you can position an Ellipse element
with the same Canvas.Top, Canvas.Left, Width, and Height properties.
 Silverlight stretches the ellipse to �t the speci�ed bounds as shown in
 Figure 3.8.



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="10"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>

</Canvas>

Line
To draw a line, you can use the Line element and set its X1, Y1, X2, Y2
 properties. As with all other shapes, you can use the Stroke property to
specify the �ll color and the StrokeThickness property to specify the
 thickness as shown in Figure 3.9.
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Figure 3.8: Ellipse element 



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� thick diagonal line ��>
<Line 

Stroke="Black"
StrokeThickness="40"
X1="60"
Y1="60"
X2="400"
Y2="400"

/>

<!�� one pixel horizontal line ��>
<Line 

Stroke="Black"
StrokeThickness="1"
X1="100"
Y1="60"
X2="400"
Y2="60"

/>

</Canvas>

If you look closely at the pixels for the horizontal line shown in Figure 3.10,
you will see it has a height of two pixels despite the one pixel StrokeThickness
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Figure 3.9: Line element



speci�ed in the XAML. Furthermore, the line is gray instead of the speci�ed
black color. To understand this rendered result, consider the  following
 equivalent Rectangle element:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� one pixel horizontal line drawn as a rectangle ��>
<Rectangle 

Fill="Black"
Canvas.Left="99.5"
Canvas.Top="59.5"
Width="301"
Height="1"

/>

</Canvas>

The previous Rectangle element has half integer values for its position.
The reason for the half pixel coordinates is that the line expands by half
StrokeThickness in either direction. Because StrokeThickness is equal to
one, the line adjusts the top and left coordinates by -0.5. Because the rec-
tangle is between two pixels, it gets anti-aliased and occupies two pixels
with a lighter color. If you want sharp horizontal and vertical lines, you
should draw a rectangle positioned at integer coordinates to get the result
shown in Figure 3.11.
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Figure 3.10: Pixels rendered for a Line element



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� one pixel horizontal line drawn as a rectangle ��>
<Rectangle 

Fill="Black"
Canvas.Left="99"
Canvas.Top="59"
Width="301"
Height="1"

/>

</Canvas>

Path
The Path element extends the Shape element by providing a Data property
that speci�es the geometry object. The Rectangle, Ellipse, and Line
 elements previously discussed are all expressible with the more general
Path element. For example, instead of specifying a Rectangle element, we
can specify a Path element with a RectangleGeometry:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Path 
Fill="Blue"
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Figure 3.11: Sharp horizontal line drawn with a 

Rectangle element



Stroke="Black"
StrokeThickness="10"

>
<Path.Data>

<RectangleGeometry Rect="96,160,256,224"/>
</Path.Data>

</Path>

</Canvas>

The Path element syntax is more verbose than the specialized shapes
syntax. However, because Silverlight converts all shapes internally to Path
elements, if you understand how the Path element draws you will
 understand how all shapes draw. 

In addition to expressing specialized shapes, the Path element can
express a geometry consisting of a collection of Figure elements. A Figure
element is a connected set of line segments and Bezier segments. The most
common method to specify these �gures, line segments, and curves is the
path mini-language. For example, to draw the shape in Figure 3.12 you
would do the following:
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Figure 3.12: Example path



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="Red" 
Data="M 14,16

C 14,16 -8,256 64,352
C 136,448 185,440 247,336
C 309,233 448,416 448,416
L 436,224
Z"

/>

</Canvas>

The commands supported by the mini-language include those shown in
Table 3.1. Each command is followed by the action it takes.

An alternative form of specifying the geometry is to use the expanded
XAML syntax:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="Red"

>
<Path.Data>

<PathGeometry>
<PathGeometry.Figures>

<PathFigure StartPoint="14, 16" IsClosed="true">
<PathFigure.Segments>

<BezierSegment 
Point1="14,16" 
Point2="-8,256" 
Point3="64,352"

/>
<BezierSegment 

Point1="136,448" 
Point2="185,440" 
Point3="247,336"

/>
<BezierSegment 

Point1="309,233" 
Point2="448,416" 
Point3="448,416"
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/>
<LineSegment 

Point="436,224"
/>

</PathFigure.Segments>
</PathFigure>

</PathGeometry.Figures>
</PathGeometry>

</Path.Data>
</Path>

</Canvas>
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Command Action

M x,y Move to position x,y

L x,y Draw a line from the current position to 
position x,y

C x1,y1, x2,y2, x3,y3 Draw a cubic Bezier segment with control 
points consisting of the current position,
(x1,y1), (x2,y2), and (x3,y3)

Q x1,y1, x2,y2 Draw a quadratic Bezier segment with control
points consisting of the current position,
(x1,y1), and (x2,y2)

H x Draw a horizontal line from the current
 position x0,y0 to position x,y0

V y Draw a vertical line from the current position
x0,y0 to position x0,y

Z Close a �gure

F0 Specify EvenOdd �ll rule

F1 Specify NonZero �ll rule

Table 3.1: Path Mini-language Commands

One additional concept previously discussed is that of a Figure element.
Because the Path element can have more than one �gure, it can create an
empty space in the middle of a �lled space as shown in Figure 3.13.



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="LightGray"
Data="M 50,50 L 50,450 450,450 450,50 50,50 z

M 100,100 L 100,400 400,400 400,100 100,100 z"
/>

</Canvas>
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Figure 3.13: Path with an empty space in the center

PERFORMANCE TIP
These two forms of specifying a path may render identically, but they
differ in performance and �exibility. The mini-language form parses
faster, consumes less memory, and draws fastest at runtime. The mini-
language is the recommended form for static content. However, it is
not possible to bind an animation or change a segment property of a
path generated with the mini-language because Silverlight does not
create the path, �gure, or segment API objects. 

Fill Rules
The previous section explained how to use geometry to specify an outline
of an area to �ll. However, an outline does not uniquely specify the inside



and outside of the shape. For example, the outline in Figure 3.13 could 
generate any of the rendering results shown in Figure 3.14. A �ll rule is a
method to distinguish the inside of a shape from the outside of the shape.

One approach to specifying what is inside a shape is to cast a horizon-
tal line through the shape and count the number of edges crossed from left
to right. If the number of edges crossed is even, classify the horizontal 
line segment as outside the shape. If the number of edges is odd, classify
that segment as inside the shape. This �ll rule is the EvenOdd rule and is the
default �ll mode for Path elements. To specify the �ll mode explicitly, you
can specify the FillRule property on geometry or use F0 for EvenOdd from
the path mini-language:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� Path with fill rule F0 = EvenOdd ��>

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="LightGray"
Data="F0

M 50,50 L 50,450 450,450 450,50 50,50 z
M 100,100 L 100,400 400,400 400,100 100,100 z"

/>

</Canvas>

Graphics Elements 59

Figure 3.14: Different fills for the 

same outline



An alternative rule is the NonZero rule, which considers the order points
are speci�ed in the input. If an edge goes up in the y direction, assign that
edge a + 1 winding number. If an edge goes down in the y direction, assign
that edge a � 1 winding number. The NonZero rule de�nes the interior of the
shape to be all those segments where the sum of winding numbers from
the left to the  current segment is not zero. For example, if you specify the
geometry shown in Figure 3.14 with the point order in the following
markup, it would result in the winding numbers and �lled segments
shown in Figure 3.15.
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+1 +1 �1 �1

Figure 3.15: Winding mode numbers 

resulting in a filled center space

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� Path with fill rule F1 = NonZero ��>

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="LightGray"
Data="F1

M 50,50 L 50,450 450,450 450,50 50,50 z
M 100,100 L 100,400 400,400 400,100 100,100 z"

/>

</Canvas>

If you specify the points in the following order, the shape would render 
differently as shown in Figure 3.16.
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Figure 3.16: Different fill as a result of a different 

point order

PERFORMANCE TIP
The NonZero rule is more complicated than the EvenOdd rule and does
render slower. For most vector graphics �lls, the EvenOdd rule gives the
desired result.

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<!�� Path with fill rule F1 = NonZero ��>

<Path 
StrokeThickness="10" 
Stroke="Black" 
Fill="LightGray"
Data="F1

M 50,50 L 50,450 450,450 450,50 50,50 z
M 100,100 L 400,100 400,400 100,400 100,100 z"

/>

</Canvas>

Images
In addition to the vector graphics elements previously discussed, the other
fundamental graphics primitive is the Image element. To display an image,



you can use the Image element with a reference to a URI to produce the
result shown in Figure 3.17.
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Figure 3.17: Image element example

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Image Source="silverlight.png"/>

</Canvas>

The Source property can reference any image in JPG or PNG format.
However, if the JPG or PNG contains DPI (dots per inch) information,
 Silverlight ignores this information because it is usually not accurate for dis-
play purposes. All references to URIs in XAML are relative to the  location of
the XAML �le. For example, if the XAML �le is in a XAP,  Silverlight searches
for silverlight.png in the XAP. If the XAML �le is a resourced in a managed
assembly, Silverlight searches for silverlight.png in that same assembly.

If you do not specify the Width and Height properties of an image,
 Silverlight draws the image at its natural size, which results in a pixel
 perfect rendering of the original image data. 

Brushes
All of the previous examples �lled the Path element pixels with a single color.
Silverlight also supports �lling arbitrary shapes with image brushes, linear
gradient brushes, and radial gradient brushes. A brush is a mathematical
 function that maps an (x,y) position to a color. For example, SolidColorBrush
is a simple function that ignores its position and always outputs the same
color. This section describes the brushes available in Silverlight and includes
the function used to map from screen position to color.



Solid Color Brush
SolidColorBrush returns a single color for all screen positions. When you
specify a Fill or Stroke property value, Silverlight creates a solid color
brush for the corresponding shape �ll or pen stroke respectively:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="Blue"
Stroke="Black"
StrokeThickness="10"
Canvas.Left="96" 
Canvas.Top="160" 
Width="256" 
Height="224" 

/>

</Canvas>

Alternatively, you can specify a brush with the expanded XAML syntax:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
StrokeThickness="10"
Canvas.Left="96" 
Canvas.Top="160" 
Width="256" 
Height="224" 

>
<Rectangle.Fill>

<SolidColorBrush Color="Blue"/>
</Rectangle.Fill>
<Rectangle.Stroke>
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Technical Insight
As shown in the previous example, the Sourceproperty of an Image  element
can be set to a URI. Many references to the same SourceURI cause Silverlight
to download the image once and use it multiple times. If you remove all ref-
erences to Image elements for a specific URI, Silverlight removes the image
from the memory cache and a future reference causes Silverlight to initiate
another download. Future downloads may be serviced from the browser
cache or go over the network if the image is no longer in the browser cache.  



<SolidColorBrush Color="Black"/>
</Rectangle.Stroke>

</Rectangle>

</Canvas>

The previous examples specified a named color. You can also specify a
color explicitly by providing a hex string of the form #aarrggbb, which rep-
resents a hex alpha channel value, red channel value, green channel value,
and blue channel value. For example, opaque green would be #ff00ff00. 

From C#, you can specify a color by creating an instance of the Color class:
Color green = Color.FromA rgb(0xff, 0x0, 0xff, 0x0);
The alpha channel speci�es the degree of transparency where 0x0 indicates

completely transparent, 0xff indicates an opaque color, and intermediate
 values indicate partial transparency. A brush with a transparent color will
blend its color to the background color using the following formula:

Color_destination = (alpha * Color_source + (0xff � alpha)
* Color_destination)/256

Silverlight will pass colors speci�ed in hex format to the Web browser
without a color space conversion. Typically, the browser will interpret the
color as a standard RGB color space color (sRGB) that is, an 8-bit per
 channel 2.2 implied gamma space color. However, the visible color may
vary with operating systems, Web browser, the monitor, and the operating
system color pro�le. An alternative form of specifying colors is the �oating
point wide gamut linear RGB color space (scRGB):

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="sc#1, 1.0, 0.0, 0.0"
Canvas.Left="96" 
Canvas.Top="160" 
Width="256" 
Height="224" 

/>

</Canvas>

Silverlight converts scRGB colors to sRGB internally for blending. 
Consequently, specifying colors in native sRGB is desirable to avoid extra
color conversion steps. 
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Gradient Brushes
Gradient brushes de�ne a set of colors and positions along a virtual
 gradient line. The function that maps screen position to color �rst maps the
screen position to a point along the gradient line and then interpolates a
color based on the two nearest points.

Consider the following use of a LinearGradientBrush:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 
Width="450" 
Height="450" 

>
<Ellipse.Fill>

<LinearGradientBrush StartPoint="0,0" EndPoint="1,1">
<LinearGradientBrush.GradientStops>

<GradientStop Color="White" Offset="0"/>
<GradientStop Color="Black" Offset="1"/>

</LinearGradientBrush.GradientStops>
</LinearGradientBrush>

</Ellipse.Fill>
</Ellipse>

</Canvas>

The preceding linear gradient brush produces the fill shown in Figure 3.18.
A linear gradient brush maps a screen position to the point on the line
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Figure 3.18: Linear gradient brush



 closest to that position. The brush then interpolates a color based on the two
nearest points specified along the line as shown in Figure 3.18.

Alternatively, you can specify a radial gradient �ll using 
RadialGradientBrush that takes the distance from the screen position to the
center of the radial gradient and maps that distance to the speci�ed
 gradient line of colors and positions. For example, the following XAML
generates the rendering shown in Figure 3.19. 
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Figure 3.19: Radial gradient brush

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 
Width="450" 
Height="450" 

>
<Ellipse.Fill>

<RadialGradientBrush>
<RadialGradientBrush.GradientStops>

<GradientStop Color="White" Offset="0"/>
<GradientStop Color="Black" Offset="1"/>

</RadialGradientBrush.GradientStops>
</RadialGradientBrush>

</Ellipse.Fill>
</Ellipse>

</Canvas>



Another feature of RadialGradientBrush is the capability to move the
point that maps to the start of our gradient line. In particular, in our previ-
ous example, the center of the radial gradient circle mapped to the start of our
gradient line and the radius of the gradient circle mapped to the end of our
gradient line. With this pattern, you always get a uniform ellipse. You can
move the center using the GradientOrigin property to get the result shown
in Figure 3.20.
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Figure 3.20: Focal gradient brush

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 
Width="450" 
Height="450" 

>
<Ellipse.Fill>

<RadialGradientBrush GradientOrigin="0.25 0.25">
<RadialGradientBrush.GradientStops>

<GradientStop Color="White" Offset="0"/>
<GradientStop Color="Black" Offset="1"/>

</RadialGradientBrush.GradientStops>
</RadialGradientBrush>

</Ellipse.Fill>
</Ellipse>

</Canvas>  
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One other feature of linear and radial gradients is the capability to
 specify the behavior when the display position maps to some position
 outside the range of the gradient line. The SpreadMethod property de�nes
that behavior. The Pad mode repeats the closest point when off the line, the
Re�ect mode mirrors to a point on the line, and the Repeat mode simply
takes the position modulo the length of the line as shown in Figure 3.21.

Figure 3.21: SpreadMethod example

Figure 3.22: ImageBrush example

Pad Repeat Reflect

Image Brushes
The role of the image brush is to map a screen position to a pixel in the
 speci�ed image. For example, the following XAML would result in the
image brush rendering shown in Figure 3.22. 

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 



Width="450" 
Height="450" 
Stroke="Black"
StrokeThickness="10"

>
<Ellipse.Fill>

<ImageBrush ImageSource="silverlight.png"/>
</Ellipse.Fill>

</Ellipse>

</Canvas> 

Strokes
The previous section showed how to use a brush to color the �ll of a shape.
You can also use a brush to add color to the outline of a shape by setting
the stroke properties. For example, the following XAML generates the
 output shown in Figure 3.23.
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Figure 3.23: Sample stroke applied to an ellipse

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Ellipse 

Stroke="Black"
StrokeThickness="10"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>
</Canvas>



Stroke
A stroke transforms geometry to a widened form that describes the shape
outline instead of the shape fill. Silverlight fills the widened geometry
with exactly the same rendering rules as the main shape fill. For  example,
Figure 3.24 shows an example of a widened ellipse.

The widening process expands the original geometry by half the stroke
thickness to form an outer outline. The widening process also shrinks the
original geometry by half the stroke thickness to form an inner outline. 
The outer and inner outlines combine to form two �gures Silverlight �lls
to  produce the resulting stroke.
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Outter Outline

Inner Outline

Figure 3.24: The widening process applied

to an ellipse

Technical Insight
One side effect of the widening process is that local self-intersection can
occur. For example, the process of widening a triangle generates several
self-intersections as shown in Figure 3.25. One option is to run a loop
removal algorithm to remove these intersections before rasterization.
However, by simply �lling the new geometry with the NonZero �ll rule,
these self intersections are not visible to the end user.



Dashes
To add dashes to your strokes, specify an array of distances alternating between
the dash �lled distance and the gap distance. For example, the simple dash
array in the following XAML generates the output shown in Figure 3.26.

Graphics Elements 71

Figure 3.25: The widening process applied to a triangle

Figure 3.26: StrokeDashArray example of long

and short dashes



<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Ellipse

Stroke="Black"
StrokeThickness="10"
StrokeDashA rray="5, 4, 2, 4"
Canvas.Left="50" 
Canvas.Top="50" 
Width="400" 
Height="400" 

/>

</Canvas>
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Technical Insight
Dashes are also a geometry modi�er built on top of the stroke geometry
modi�er. When you specify a StrokeDashA rray, Silverlight takes the
 output of the pen and subdivides it into smaller geometries. Large num-
bers of dashes can result in signi�cant slowdowns in rendering speed and
 therefore you should use them sparingly.

Canvas
Every example shown so far has had a single root Canvas element with a set
of Shape elements contained within it. In addition to providing a conven-
ient container, the Canvas element also enables you to modify the rendering
primitives it contains as a group. In particular, the Canvas element enables
the following: 

� Naming groups of elements

� Grouping shapes so that you can add or remove the group with a
single operation

� Applying a transform to the group of elements

� Clipping a group of elements

� Apply an opacity or opacity mask effect to a group of elements

Transforms, clipping, and opacity effects are available on both individ-
ual shapes and the Canvas element.



Transforms
A transform enables you to position, rotate, scale, or skew a shape or 
group of shapes. To transform a group of primitives, you can set the 
RenderTransform on the Canvas element as exempli�ed in the following
listing to achieve the result shown in Figure 3.27.
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PERFORMANCE TIP
For individual shapes, it is faster to express clipping or opacity as a
 different geometry or a different brush color. For example, draw a Path
with an ImageBrush to achieve the same result as applying a clip to an
Image element. Similarly, you can add opacity to the brush color alpha
channel instead of adding Opacity to the shape.

Figure 3.27: RenderTransform example of overlapping 

a rectangle over an ellipse



<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.RenderTransform>

<TransformGroup>
<ScaleTransform ScaleX="1.5"/>
<RotateTransform A ngle="30"/>
<TranslateTransform X="100" Y="-10"/>

</TransformGroup>
</Canvas.RenderTransform>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"
Width="200" 
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

As shown in the previous example, you can use a list of ScaleTransform,
TranslateTransform, and RotateTransform elements in a TransformGroup
element. Alternatively, you can specify an explicit matrix with a 
MatrixTransform:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.RenderTransform>

<TransformGroup>
<MatrixTransform Matrix="

1.30,   0.75,
-0.50,   0.87,
100.00, -10.00"

/>
</TransformGroup>

</Canvas.RenderTransform>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"

Chapter 3: Graphics74



Width="200"
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

3D Transforms (New in Silverlight 3)
In Silverlight 3, you can set the Projection property to a PlaneProjection
to rotate a group of elements in 3D as shown in Figure 3.28.
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Figure 3.28: 3D projection example

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.Projection>

<PlaneProjection RotationY="-60" CenterOfRotationY="50" />
</Canvas.Projection>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"
Width="200" 
Height="200" 
Canvas.Top="50" 

/>



<Rectangle
Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

Each projection logically has its own camera. To position more than one
object relative to the same perspective camera, position them all in the same
place and use the GlobalOffsetX, GlobalOffsetY, and GlobalOffsetZ
properties to move in the 3D world as shown in Figure 3.29.
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Figure 3.29: Position three rectangles in the same 3D

 projection camera

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Rectangle 
Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="200" 
Canvas.Top="100" 
Width="200" 
Height="200" 

>
<Rectangle.Projection>

<PlaneProjection 
GlobalOffsetX="-200" 
RotationY="-60" 
CenterOfRotationY="50" 

/>
</Rectangle.Projection>

</Rectangle>



<Rectangle 
Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="200" 
Canvas.Top="100" 
Width="200" 
Height="200" 

>
<Rectangle.Projection>

<PlaneProjection  GlobalOffsetZ="-150"/>
</Rectangle.Projection>      

</Rectangle>

<Rectangle 
Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="200" 
Canvas.Top="100" 
Width="200" 
Height="200" 

>
<Rectangle.Projection>

<PlaneProjection 
GlobalOffsetX="200" 
RotationY="60" 
CenterOfRotationY="50" 

/>
</Rectangle.Projection>

</Rectangle>

</Canvas>

The global offset properties apply after the rotation property. You can
also use the LocalOffsetX, LocalOffsetY, and LocalOffsetZ properties on
the PlaneProjection object to apply an offset before the rotation. 

Clipping
Clipping is the process of restricting the display area to a speci�ed shape.
To clip an element, set the Clip property as shown Figure 3.30 and in the
following listing:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.Clip>

<EllipseGeometry
Center="100,200"
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RadiusX="150"
RadiusY="150"

/>
</Canvas.Clip>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"
Width="200" 
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>
</Canvas>
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Figure 3.30: Clipping example

PERFORMANCE TIP
A clipping operation is semantically equivalent to intersecting two
geometries. Clipping a group of elements or a single shape does come
with a significant performance penalty. You should avoid clipping
when possible.



Opacity
Setting opacity on a brush or setting a transparent color on a brush
 introduces alpha blending. In particular, if a brush contains a transparent
color, the brush blends its color with the content underneath using the
 following formula: 

Color_destination = alpha * Color_source + (1 � alpha)
* Color_destination

The other form of opacity is setting the Opacity property on a Canvas.
This operation is not equivalent to changing the opacity of each of the
shapes within the Canvas element as demonstrated by Figure 3.31.
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PERFORMANCE TIP
Setting Opacity on a Canvas element resolves occlusion first and
then blends content. This process is significantly slower at runtime
than blending individual primitives. If possible, you should
set opacity on a brush, brush color, or a Path element for maximum
performance.

Opacity on Rectangle Opacity on Canvas

Figure 3.31: Canvas Opacity versus per path Opacity

OpacityMask
The OpacityMask property on a UIElement provides a mechanism to
blend brush per pixel alpha information with the content of a UIElement.
For example, the following XAML would produce the result shown in
Figure 3.32.



<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.OpacityMask>

<LinearGradientBrush StartPoint="0,0" EndPoint="1,1">
<LinearGradientBrush.GradientStops>

<GradientStop Color="Transparent" Offset="0"/>
<GradientStop Color="White" Offset="1"/>

</LinearGradientBrush.GradientStops>
</LinearGradientBrush>

</Canvas.OpacityMask>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"
Width="200" 
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

Chapter 3: Graphics80

Figure 3.32: OpacityMask example



OpacityMask is slow at runtime. In some cases, it is faster to draw
 content on top that blends to the background instead of using the
OpacityMask. For example, you can achieve the effect in Figure 3.32 with
the following XAML:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"
Width="200" 
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

<!�� simulate opacity mask effect with a rectangle on top ��>

<Rectangle Width="300" Height="300">
<Rectangle.Fill>

<LinearGradientBrush StartPoint="0,0" EndPoint="1,1">
<LinearGradientBrush.GradientStops>

<GradientStop Color="White" Offset="0"/>
<GradientStop Color="Transparent" Offset="1"/>

</LinearGradientBrush.GradientStops>
</LinearGradientBrush>

</Rectangle.Fill>
</Rectangle>

</Canvas>

Under the Hood

Previous sections have discussed the graphics principles and the graphics
API elements. This section goes �under the hood� to describe how Sil-
verlight draws XAML content and displays it in the browser window.
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Understanding this process will help you understand the Silverlight 
runtime performance characteristics. Furthermore, you will understand the
problems solved by the runtime and the problems your application must
solve.

In particular, this section discusses the following:

� The draw loop process that takes changes to the graph of objects and
draws it to an off screen back buffer

� The rasterization process that converts vector graphics primitives to
pixels in an offscreen back buffer

� Performance optimizations such as incremental redraw, occlusion
culling, and multi-core

� How the offscreen back buffer gets displayed in the browser
 window

Draw Loop 
Silverlight draws at a regular timer interval set by the MaxFrameRate
 property. On each tick of the timer, Silverlight does the following:

1. Checks for any changes to the properties of our graph of Canvas and
Shape elements. If no changes exist, Silverlight does no further work
for this timer tick.

2. Performs any pending layout operations. Chapter 7, �Layout,� will
discuss these layout operations further.

3. Gathers rendering changes and prepares to rasterize them.

4. Incrementally rasterizes the changes for the current timer tick. The
graphics state at the current timer tick is the current frame. 

5. Noti�es the browser that a frame (or an incremental delta to an
existing frame) is complete for display.

Rasterization 
After the draw loop has identified which elements need to be redrawn, 
Silverlight converts those elements to a set of pixels in our offscreen
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back buffer. The previous discussion of shapes described how to specify
path outlines and a method of specifying the inside and the outside of
the shape. However, the geometry describes an abstract infinite
 resolution outline of a shape and a screen has a finite number of pixels
to color. Rasterization is the process of converting from a path out-
line to discrete pixels. This section describes how rasterization is
 accomplished.

The simplest method to convert geometry to pixels is a process called
sampling. The sampling process uses a discrete number of sample points
to convert from the infinite shape description to pixels. For example,
 consider the simple sample pattern consisting of a uniform grid of sam-
ple points with one sample point per pixel. If the sample point is
 contained within the geometry, light up the pixel. If the sample point is
not contained within the geometry, do not light the pixel. For example,
the circle specified by the following XAML would light the pixels shown
in Figure 3.33.
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PERFORMANCE TIP
One property of the draw loop is that nothing draws immediately after
you make a change to the element tree. Consequently, pro�ling tools
do not associate the cost of a drawing operation with the function that
added those drawing primitives. To tune your performance, you
should measure the maximum frame rate of your application during
development. In particular, set the MaxFrameRate property to some
value that is beyond what Silverlight can achieve and turn on the
frame rate display as shown in the following JavaScript:

function loadHandler() 
{

plugin = document.getElementById("MySilverlightPlugin");
plugin.settings.EnableFramerateCounter = true;
plugin.settings.MaxFrameRate = 10000;

}

During development, watch for content that drops the frame rate
 signi�cantly, and consider specifying that content in an alternative form. 



<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Ellipse
Fill="Black"
Width="15" 
Height="15" 

/>

</Canvas>

You may have noticed that the integer coordinates were located at the
top left of the pixel and the sample points were in the center of a pixel. This 
convention enables a symmetrical curved surface speci�ed on integer 
coordinates to produce a symmetrical rasterization. If the sample points
were on integer coordinates instead, the ellipse would lose symmetry as
shown in Figure 3.34.

The rasterization shown in Figure 3.33 appears to have jagged edges.
This jagged appearance is the consequence of aliasing. Aliasing is the loss
of information that results from converting from a continuous curve to a
discrete set of samples. Anti-aliasing is a term that refers to a technique that
attempts to minimize aliasing artifacts.

The Silverlight anti-aliasing technique consists of sampling multiple
times per pixel and applying a box �lter to produce the �nal pixel color. 
Silverlight conceptually samples 64 times per pixel as shown in Figure 3.35.
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Figure 3.33: Sampling a circle



The box �lter averages the contribution of all samples within a rectangle
bordering the pixel to produce a �nal pixel color. If some partial number of
samples is in the box, Silverlight applies transparency to blend smoothly
with what is underneath the geometry as shown in Figure 3.36. This 
anti-aliasing technique produces a smooth transition from inside the shape
to outside the shape along edges.
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Figure 3.34: Sampling a circle with integer sample

point coordinates

Figure 3.35: Anti-aliasing sampling pattern
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Figure 3.36: Anti-aliased rasterization

Technical Insight
You may be wondering why there are 16 samples per pixel in the x direction
and only 4 samples per pixel in the y direction. The reason for picking this
sample pattern is that horizontal resolution is critical to being able to 
render text clearly. Furthermore, horizontal resolution is computationally
cheap and vertical resolution is slower. The 16x4 sampling pattern 
balances image quality and speed.  

Instead of a box pattern, it is also possible to accumulate samples in a
circular pattern, weight samples unevenly, or even have a sample pattern
that extends far beyond a single pixel in size. In fact, all of these other
algorithms generate better image quality than a box filter but typically
render more slowly. The Silverlight high-resolution box filter is a choice
made to achieve good rendering performance with reasonable image
quality.



One artifact of anti-aliasing is a visible seam that sometimes results from
drawing two adjacent shapes. For example, the following two rectangles
that meet in the middle of a pixel generate a seam:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Rectangle 

Fill="Black"
Width="100.5"
Height="100.5"

/>
<Rectangle 

Fill="Black"
Canvas.Left="100.5"
Width="100.5"
Height="100.5"

/>
</Canvas>

The previous XAML results in the rasterization shown in Figure 3.37.
Notice the gap between the two rectangles. The rectangles joined perfectly
in the input XAML, so why is there a seam in the rendered result? 

These seams are a result of the rasterization rules described in this section.
Consider the rasterization process applied to a light gray pixel X shown in
Figure 3.37. Rectangle A is covering exactly half the samples for pixel X. Sil-
verlight consequently draws that pixel of Rectangle A with 0.5 anti-aliasing
alpha. Alpha is a term that refers to the transparency used to blend colors with
a formula such as 
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Figure 3.37: Anti-aliasing seam example
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Color_destination = alpha * Color_source + (1 � alpha) * Color_destination

In our example, alpha = 0.5, Color_source = Black, and Color_destina-
tion = White. Blending along the edge of rectangle A results in a destination
color of

0.5 * Black + (1 � 0.5) * White = 0.5 * White

Rectangle B also covers half its sample points. Silverlight also blends
pixel X of rectangle B with alpha = 0.5 to a background color of 0.5 * White.
Consequently, the resulting color is

0.5 * Black + (1 � 0.5) * (0.5 White) = 0.25 White. 

The final pixel color has one quarter of the background color showing
through as a visible seam.

Technical Insight
This result is an artifact of sampling each primitive independently. An 
alternative anti-aliasing mode is full screen anti-aliasing that processes all
samples from all shapes simultaneously. However, Silverlight does not 
currently use full screen anti-aliasing because it results in slower runtime
performance.  

Figure 3.38: Pixel snapped rasterization

To avoid these seams, you should snap edges to pixel boundaries as
shown in Figure 3.38. Snapping also produces a sharper edge between the



Bilinear Filtering
The previous section discussed how Silverlight converts an arbitrary geom-
etry to a set of pixels to �ll. Silverlight then colors the �lled pixels based on
the brush speci�ed. This process is straightforward for solid color brushes
and gradient brushes. However, with image brushes, Silverlight must map
from the destination pixels to the original image data, which may be at a
different resolution. This section describes the mapping function used to
achieve the image data stretch shown in Figure 3.40.

Nearest neighbor is a simple image scaling function that transforms the
destination pixel to an image bitmap position and picks the nearest pixel
color. Nearest neighbor sampling generates ugly aliasing artifacts when the
image is displayed with a scale or rotation as shown in Figure 3.41. You will
notice jagged lines if you look at the picture closely.

Silverlight uses nearest neighbor sampling in the special case where the
brush image data maps exactly onto centers of pixels. For rotated, scaled, or
non-integer translated images, bilinear �ltering is used to produce the
result shown in Figure 3.40. 
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Figure 3.39: Seams with a rotated edge

two shapes. However, pixel snapping only removes seams if you align the
shapes edges with the x-axis or the y-axis. For the rotated edges shown in
Figure 3.39, snapping does not remove the artifact. For rotated edges, the
common technique to avoid this seam is to overlap the edges so that the
background is no longer visible.



Bilinear �ltering maps the screen position to a position (u,v) in image
space. The bilinear �ltering process then interpolates a color from pixels
(�oor(u), �oor(v)), (�oor(u) + 1, �oor(v)), (�oor(u), �oor(v) + 1), and
(�oor(u) + 1, �oor(v)+1). Figure 3.42 illustrates this process. Bilinear �l-
tering generates good results for scales that are within a factor of two of the
original image size. Figure 3.43 demonstrates the results of scaling an image
in two sizes within reasonable limits. 
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Figure 3.40: Image with bilinear filtering

Figure 3.41: Image with nearest neighbor
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Figure 3.42: The bilinear filtering process

Figure 3.43: Image scaling within good limits

With bilinear �ltering, if you scale up an image signi�cantly, it becomes
blurry. Conversely, if you scale down an image signi�cantly, it looks
aliased. Figure 3.44 shows examples of both these artifacts. 
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Figure 3.44: Image scaling extremes

New in Silverlight 3
There are a number of techniques for scaling down an image to produce a
result better than Figure 3.44. However, these techniques can slow down
your animations. Silverlight 3 adds support for mip-mapping that converts
your image to a set of smaller images at various sizes using a better 
algorithm.  

For example, if you have a 128x128 image, Silverlight also generates
copies at 64x64, 32x32, 16x16, 8x8, 4x4, 2x2, and 1x1 resolutions resized
with high quality. When displaying the image at a particular scale, 
Silverlight chooses the closest resolution to the display size or even uses
multiple sizes at once when displaying in 3D.

This conversion happens only once per image and Silverlight caches the
resulting images. Consequently, this approach uses 33% more memory to
store images to achieve better image quality.

Incremental Redraw
In addition to drawing static objects for a single frame, Silverlight must
constantly redraw objects as they are changing. If an object moves from one



position to another, it would be wasteful to redraw all the pixels on the
screen. Instead, Silverlight marks the old position as needing a redraw and
marks the new position as also needing a redraw. To simplify this marking
algorithm, Silverlight uses the bounding box of a shape instead of the tight
shape bounds. 

For example, suppose the shape shown in the following XAML moves
from position 0,0 to position 100,100. Figure 3.45 shows the area that is
redrawn.
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location
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Figure 3.45: Incremental redraw regions

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Ellipse 

Fill="Black"
Width="100" 
Height="100� 

/>
</Canvas>

To view a visualization of these incremental redraw regions in an appli-
cation, use the following JavaScript:

function loadHandler() 
{

plugin = document.getElementById("MySilverlightPlugin");
plugin.settings.EnableRedrawRegions = true;

}



This visualization blends a transparent color on top of any content drawn
and cycles to a different color each frame. Consequently, any content that is
�ashing represents content that Silverlight is constantly redrawing. Any
content that stabilizes on a single color has not changed for several frames.

Occlusion Culling
The most expensive operation in the draw loop is the rasterization process,
which writes each of the destination pixels. For example, a full screen
 animation can consist of processing several hundred million pixels per 
second. Each of these pixels applies at least one brush operation. If there are
overlapping brushes, the computational requirements can multiply by a
factor of 3 to 10. 

As the graph of elements gets more complicated, it may no longer
 render at the desired frame rate. To optimize the rasterization process,
 Silverlight avoids brush operations for completely occluded brush pixels.
For example, if you draw a full screen background and an almost full screen
image, Silverlight computes all the image pixels and only those back-
ground pixels not covered by the image itself. For complicated graphs of
elements, this optimization can produce a 3�10x speedup. 
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PERFORMANCE TIP
Occlusion culling only applies to brush pixel color optimizations. If a
complicated geometry is behind a big opaque rectangle, the rasterizer
walks the geometry before it realizes that the pixel operations are not
necessary. Consequently, it is still important to remove hidden content
from the element tree for maximum performance.  

Multi-Core Rendering
Silverlight takes advantage of multiple CPU cores to produce faster ren-
dering throughput. In particular, Silverlight subdivides a frame into a set of
horizontal bands and distributes the rasterization of those bands across
CPU cores as shown in Figure 3.46. Currently, only the frame rasterization
step, effects, mip-map generation, and media operations run in parallel



across CPU cores. Systems such as layout, control templating, application
user code, and animation all run on a single thread. Consequently, you can
determine if your application is rasterization bound by simply setting your
framerate to 10000 frames per second and measuring your CPU usage 
percentage. If you achieve almost 100% CPU usage on a dual core machine,
you are almost entirely rasterization bound. If you achieve 70% CPU usage
on a dual core machine (at 10000 frames per second), that means 30% of the
work is not running in parallel.

How Content Gets to the Screen
As previously discussed, the draw loop �rst draws a frame to an offscreen
back buffer and then it noti�es the browser that the frame is ready for 
display. With windowless=false mode, Silverlight content goes to the 
screen without browser intervention on most operating systems. With 
windowless=true, the browser copies the offscreen frame to its display area.
This extra step is both slow and can result in visual tearing effects in a num-
ber of browsers. The worst mode of operation is when windowless=true is
speci�ed with a transparent color for the background of the control. The
transparent color causes the Web browser to redraw the content underneath
the control each time any control content has changed. 
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Figure 3.46: Dividing a scene for multi-core rendering



Where Are We?

This chapter described the following:

� The graphics system design principles

� The elements for displaying graphics

� The problems the Silverlight runtime solves �under the hood� and
the problems your application must solve

In addition, you have learned a number of important performance
 optimization techniques for use with your application.
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PERFORMANCE TIP
You should avoid using both a transparent background and
windowless=true if possible.



4 
Text

T HE SIMPLEST METHOD to display text in Silverlight is the TextBlock
element. The TextBlock element has properties for setting the text,

character formatting, color, wrapping, line breaks, and alignment. You can
use the TextBlock element to overlay text on top of vector graphics, images,
live video, or any other content. Silverlight also supports text editing with
the TextBox element. For the purposes of text display, information on the
TextBlock element also applies to the TextBox element.

The TextBlock and TextBox elements only support simple typography
features. For example, it is not possible for a TextBlock element to display
a properly formatted mathematical formula. Consequently, Silverlight pro-
vides a second lower level Glyphs element for advanced typography. The
Glyphs element can display individually positioned glyphs from a speci�ed
font �le. A glyph is terminology indicating a graphical representation of a
letter or sequence of letters. 

This chapter describes the following:

� The design principles that in�uence the layout, readability, and 
cross platform behavior of text

� How you can use the TextBlock element to display formatted
 paragraphs of text

� How you can use the Glyphs element for advanced typography not
supported by the TextBlock element
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� How the Silverlight text runtime works �under the hood� 

� How you can improve the quality of your text display

Text Principles

The fundamental design goal of Silverlight text is to provide predictable
and readable text display. Silverlight achieves this goal by doing the
 following:

� Providing consistent behavior across multiple operating systems
and browsers

� Providing resolution-independent layout to ensure predictable sizes
during scale changes

� Rendering features to improve text readability 

Cross-Platform Consistency
For the display to be consistent, you must select a font that is available in all
operating systems and browsers on targeted machines. Obviously if the
speci�ed font is not available on the end user�s machine, text would display
differently than the application author had intended. To ensure consistent
display across machines, Silverlight only accepts fonts from a known list
that is available on all target platforms. This chapter will discuss this font
list in a later section. 

There are exceptions to this �xed font list rule for East Asian fonts. 
East Asian fonts are both not available on every machine and are too large
to download along with your application. In particular, Silverlight uses
fonts such as Gulim, Batang, MingLiu, Gungsuh, and SimSun if installed on
the machine. If your application relies on one of these fonts, you should be
aware that the end user may not correctly see your application if she or he
does not have the proper fonts installed.

Scale Independent Layout
Both the TextBlock element and the Glyphs element change size uniformly
when scaling an object by speci�ed scale values. For example, if you scale a
100-pixel wide TextBlock by a factor of 1.5, the new display width will be
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150 pixels. With other text systems, such as the Windows Graphics Device
Interface (GDI) drawing system, scaling the same 100-pixel wide text by a
factor of 1.5 can cause that text to become 180 pixels wide or 130 pixels wide.
The key to uniform scaling is subpixel positioning of text characters. 
Subpixel positioning means that Silverlight can position characters at 
non-integer pixel positions. Silverlight uses subpixel positioning of charac-
ters during its text layout algorithm but GDI does not. Consequently, GDI
cascades positioning errors and causes text to occupy unpredictable 
horizontal space at different scale factors.

One drawback of subpixel positioning of characters is that text display
may appear less sharp than integer positioned characters. On the other
hand, subpixel positioning does provide more accurate word shape that
can improve the legibility of text. 

Rendering for Readability
The readability of text depends on a number of factors including contrast,
accurate representation of shape, even spacing between characters, para-
graph layout, font size, font selection, and several other factors. Silverlight
has special rasterization rules to improve the shape and contrast of glyphs.
However, you can control the readability of text with your selection of font
family, size, and color. This chapter also includes techniques that you can
use to improve the readability of your text.

New in Silverlight 3
Silverlight 3 has a new text rendering system that adds both ClearType
support and improves word shape and display. Silverlight 3 text readabil-
ity is significantly better than Silverlight 2. The ClearType settings depend
on the settings of your operating system to match user preferences.

Text Elements

This section focuses on how you can use the TextBlock element to display
formatted paragraphs of text and how to use the lower level Glyphs
 elements for advanced typography display. 
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Figure 4.1: TextBlock 

example

TextBlock
To display a paragraph of text, you can use the TextBlock element to get the
result shown in Figure 4.1.

Figure 4.2: TextBlock wrapping example

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock>
Hello World

</TextBlock>

</Canvas>

The TextBlock element also lets you alter the layout, formatting, and
fonts used in your text display.

Layout
By default, the TextBlock element displays the contained text on a single
line that can exceed the Width property. To wrap text to a speci�ed width,
set the TextWrapping property to get the result shown in Figure 4.2. 

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock Width="450" TextWrapping="Wrap">
Microsoft Silverlight is a cross-browser, cross-platform 
plug-in for delivering the next generation of .NET based media
experiences and rich interactive applications for the Web.

</TextBlock>

</Canvas>

The TextBlock element wraps text at spaces, hyphens, and other 
language speci�c breaking points. If the TextBlock element Width is less



than the length of the longest word, Silverlight breaks the text at the
 character that exceeds the TextBlock element Width even if that position is
not a proper word break opportunity. If the TextBlock element Width is less
than the width of the widest character, the TextBlock element draws that
character outside the speci�ed width. Consequently, the TextBlock element
display is not always constrained to the value of the Width property. 

To introduce additional paragraphs, you can use the LineBreak element:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock Width="450" TextWrapping="Wrap">

Microsoft Silverlight is a cross-browser, cross-platform 
plug-in for delivering the next generation of .NET based media
experiences and rich interactive applications for the Web.

<LineBreak/>

Silverlight supports fast, cost-effective delivery of 
high-quality video to all major browsers running on the 
Mac OS or Windows.

</TextBlock>

</Canvas>

For a TextBlock element with TextWrapping="Wrap", the height of the
TextBlock display area varies with the text contained within the TextBlock.
To get the computed height of the TextBlock element, you can query the
TextBlock.A ctualHeight property. Although the TextBlock element
display is often contained within the TextBlock element Width, it is usually
strictly less than the Width. To get the computed width, you can query the
TextBlock.A ctualWidth property. For example, you can use the 
A ctualWidth and A ctualHeight properties to draw a tight rectangle around
two TextBlock elements as shown in Figure 4.3.
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Figure 4.3: TextBlock border with 

ActualWidth and ActualHeight



Panel panel = new Canvas();

//
// Create the first TextBlock
//
TextBlock textBlock = new TextBlock();
textBlock.Text = "Hello World";
textBlock.FontSize = 11;
textBlock.FontFamily = new FontFamily("A rial");

panel.Children.A dd(textBlock);

//
// Get the width and height
//

double width = textBlock.A ctualWidth;
double height = textBlock.A ctualHeight;

//
// Create the second textblock after the first one
//

textBlock = new TextBlock();
textBlock.Text = "Second Hello World";
textBlock.FontSize = 11;
textBlock.FontFamily = new FontFamily("A rial");
textBlock.SetValue(Canvas.TopProperty, height);

panel.Children.A dd(textBlock);

//
// Update the width and height
//

width = Math.Max(width, textBlock.A ctualWidth);
height += textBlock.A ctualHeight;

//
// A dd a rectangle around the text
//

Rectangle border = new Rectangle();
border.Width = width;
border.Height = height;
border.Stroke = new SolidColorBrush(Colors.LightGray);

panel.Children.A dd(border);
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You can also use layout elements, such a StackPanel or a Grid, to adjust
the position of elements based on the dynamic size of text. Chapter 7,
 �Layout,� will discuss the layout elements available in detail.

In addition to wrapping text, you can also change the alignment using
the TextA lignment property. For example, to center a paragraph of text, you
can specify TextA lignment equal to Center to get the result shown in 
Figure 4.4.
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PERFORMANCE TIP
For TextBlock elements with TextWrapping="Wrap", it is typically 
better to ignore the case where the TextBlock element display exceeds
the speci�ed Width than to incur the performance penalty of setting the
Clip property to guarantee this condition.  

For TextBlock elements with TextWrapping="NoWrap" that require
clipping to a speci�c width, you can improve display performance by
only setting a clip when the TextBlock.A ctualWidth is greater than
TextBlock.Width.

Figure 4.4: TextBlock alignment example

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock Width="450" TextWrapping="Wrap" TextA lignment="Center">
Microsoft Silverlight is a cross-browser, cross-platform 
plug-in for delivering the next generation of .NET based media
experiences and rich interactive applications for the Web.

</TextBlock>

</Canvas>

Formatting
To format a sequence of words within a TextBlock element, you can use the
Run element to specify a sequence of characters to render with a  different
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Figure 4.5: TextBlock 

formatting example

format. For example, to apply bold, italic, and underline, you can use Run
elements with the FontWeight, FontStyle, and TextDecorations properties
as shown in Figure 4.5.

Figure 4.6: Inherited 

formatting

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock>
<Run FontWeight="Bold">Bold, </Run>
<Run FontStyle="Italic">italic, </Run>
and <Run TextDecorations="Underline">underline</Run>

</TextBlock>

</Canvas>

You can also specify the FontWeight, FontStyle, and TextDecorations
properties on a TextBlock element. If you do not specify a formatting prop-
erty for a particular Run element, the TextBlock element formatting prop-
erties apply. For example, the following XAML produces the result shown
in Figure 4.6.

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock FontStyle="Italic">
<Run FontWeight="Bold">bold and italic</Run>

</TextBlock>

</Canvas>

Property inheritance is the process of getting unset property values from
the parent element. For example, the Run element inherits properties from
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Figure 4.7: Text radial 

gradient example

the TextBlock element. To stop the inheritance of an attribute from the
 parent TextBlock element, you can explicitly set FontWeight and
FontStyle properties to Normal or set the TextDecorations property 
to None:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock 
FontWeight="Bold" 
FontStyle="Italic" 
TextDecorations="Underline"

>
<Run FontWeight ="Normal">not bold</Run><LineBreak/>
<Run FontStyle="Normal">not italic</Run><LineBreak/>
<Run TextDecorations="None">not underlined</Run><LineBreak/>

</TextBlock>

</Canvas>

To add color to your text, you can set the Foreground property to any
brush. For example, to get the radial gradient pattern in Figure 4.7:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock>
<TextBlock.Foreground>

<RadialGradientBrush>
<GradientBrush.GradientStops>

<GradientStopCollection>
<GradientStop Color="#FF000000" Offset="0" />
<GradientStop Color="#FFA A A A A A " Offset="1" />

</GradientStopCollection>
</GradientBrush.GradientStops>

</RadialGradientBrush>
</TextBlock.Foreground>
<Run FontSize="25">Hello World</Run>

</TextBlock>

</Canvas>



Fonts
In addition to changing formatting, you can change the font for a run of text
by setting the FontFamily and FontSize properties:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<TextBlock>
<Run FontFamily="Georgia" FontSize="11.3">Hello World</Run>

</TextBlock>

</Canvas>

The values for FontFamily that are available on all platforms include

� Arial

� Arial Black

� Courier New

� Comic Sans MS

� Georgia

� Times New Roman

� Trebuchet 

� Verdana

� Webdings

For East Asian fonts such as Gulim, Batang, MingLiu, Gungsuh, SimSun,
and others, check the online documentation found at http://msdn2.
microsoft.com/ for the most recent list of supported platforms. 

To use a custom font �le, you can set the FontFamily property to
"myFontFileName.ttf#My Font Family Name". As with all URI references,
include the font �le in the same assembly as your XAML, in your XAP, or
on the server in the same location as your XAML. If you are redistributing
a font �le, you must ensure that you have the proper legal rights to
 redistribute the font.
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Technical Insight
The FontSize influences the display quality of your text. Typically, larger
font sizes look better. For a particular size, a font sometimes looks better
at integer point sizes�that is, integer multiples of 1/72 of an inch. The 
Silverlight unit for FontSize is 1/96 of an inch, which corresponds to a
pixel on a typical 96 DPI screen. Consequently, the best font sizes for small
text tend to be 10, 11, and 12 points, which correspond to setting the 
FontSize property to 13.33333, 14.66666, 16 pixels, respectively.

New in Silverlight 3
If you want to animate the size or rotation of your text, you can 
set the TextOptions.TextHintingMode="A nimated" property on your
TextBlock element. This property skips some steps that optimize text
readability in favor of faster and smoother animation. After your animation
is complete, you may want to set this property back to the default value of
"Fixed" to maximize the readability of your text.

Glyphs
The TextBlock element offers a convenient means to display formatted text.
You may want to use an advanced typography feature not available in
 Silverlight. For example, suppose you want to display a mathematical
 formula. The Glyphs element allows you to position characters precisely to
display a particular character layout. The XPS printer driver or any appli-
cation capable of XPS export, such as Microsoft Word, can export Silverlight
compatible Glyphs elements. For example, to display the mathematical
 formula in Figure 4.8, you would have this code:

<Canvas xmlns="http://schemas.microsoft.com/client/2007">

<Canvas.RenderTransform>
<ScaleTransform ScaleX="2.66" ScaleY="2.66"/>

</Canvas.RenderTransform>
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<Glyphs 
Fill="#FF000000"
FontUri="09A E67BE-3A 56-22E8-C07F-03538B53EE7B.odttf"
FontRenderingEmSize="11.04" 
OriginX="72.384"
OriginY="93.984" 
Indices="3533"

/>

<Glyphs 
Fill="#FF000000"
FontUri="09A E67BE-3A 56-22E8-C07F-03538B53EE7B.odttf"
FontRenderingEmSize="11.04" 
OriginX="89.304"
OriginY="93.984" 
UnicodeString="&#119909;" 
Indices="(2:1)1876"

/>

<Glyphs 
Fill="#FF000000"
FontUri="7A 7A 7A 03-279D-788C-E910-C5290C6F950E.odttf"
FontRenderingEmSize="8.04" 
OriginX="95.784"
OriginY="89.904" 
UnicodeString="2" 
Indices=""

/>

<Glyphs 
Fill="#FF000000"
FontUri="09A E67BE-3A 56-22E8-C07F-03538B53EE7B.odttf"
FontRenderingEmSize="8.04" 
OriginX="77.064"
OriginY="77.52" 
UnicodeString="&#119899;" 
Indices="(2:1)1866"

/>

<Glyphs 
Fill="#FF000000"
FontUri="09A E67BE-3A 56-22E8-C07F-03538B53EE7B.odttf"
FontRenderingEmSize="8.04" 
OriginX="72.024"
OriginY="108.14" 
UnicodeString="&#119909;"
Indices="(2:1)1876"

/>
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<Glyphs 
Fill="#FF000000"
FontUri="7A 7A 7A 03-279D-788C-E910-C5290C6F950E.odttf"
FontRenderingEmSize="8.04" 
OriginX="76.944"
OriginY="108.14" 
UnicodeString="=" 
Indices=""

/>

<Glyphs 
Fill="#FF000000"
FontUri="7A 7A 7A 03-279D-788C-E910-C5290C6F950E.odttf"
FontRenderingEmSize="8.04" 
OriginX="82.824"
OriginY="108.14" 
UnicodeString="1" 
Indices=""

/>

<Glyphs 
Fill="#FF000000"
FontUri="78DD450D-5476-267F-1B64-8E290A 520953.odttf"
FontRenderingEmSize="11.04" 
OriginX="100.82"
OriginY="93.984"  
UnicodeString=" " 
Indices=""

/>

<Glyphs 
Fill="#FF000000"
FontUri="78DD450D-5476-267F-1B64-8E290A 520953.odttf"
FontRenderingEmSize="11.04" 
OriginX="72.024"
OriginY="130.46" 
UnicodeString=" " 
Indices=""

/>

</Canvas>
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Figure 4.9: Text baseline

The OriginY property shown in the preceding code indicates the 
position of the baseline of the line of text. The text baseline is the line on
which the letters sit, as shown in Figure 4.9. Because you normally do not
generate this output yourself, but instead use an XPS export tool, this 
section does not discuss the Glyphs element properties further.

Whenever you use the Glyphs element, you need to ensure that you
have proper legal rights to redistribute the font �les in your package. 

Under the Hood

Previous sections discussed the Silverlight text design principles, the
TextBlock element, and the Glyphs element. This section describes how the
text system works �under the hood.� This information will help you under-
stand the performance characteristics and improve the readability of your
text. In particular, this section discusses the following:

� The font enumeration process that matches TextBlock font families
with fonts on all operating systems on the target machine

� The font fallback process for the TextBlock element

� The font download process for the Glyphs element and TextBlock
element

� The caches maintained internally for displaying text

� The rasterization process for text

Font Enumeration
Silverlight maps font attributes FontFamily, TextDecorations, FontWeight,
and FontStyle to a particular font �le on your local machine. For example,



FontFamily="A rial" and FontWeight="Bold"maps to the bold version of the
Arial font contained in �le Windows\Fonts\arialbd.ttf on Windows XP. The
process of mapping font properties on a TextBlock element to a font �le
requires enumerating the font �les available on the system and querying
their font attributes. Silverlight enumerates font �les the �rst time you use a
TextBlock element and caches the results for the lifetime of your application. 

Font Fallback
After you specify a font family or font �le for your text, it is possible that
font does not contain the characters needed to render the text you speci�ed
in your TextBlock element. Missing characters from a font �le is common
when your application speci�es the font �le to use and the input comes
from the user in a language you did not expect.

To guarantee that your text will be visible, Silverlight has a font fallback
list that �nds an alternative font to use if the characters are not all present
in the speci�ed font. Silverlight uses the font fallback list for only the
TextBlock element and TextBox element. The Glyphs element does not use
a font fallback list. You can specify this fallback list explicitly in the 
FontFamily property by setting it to a comma-delimited list such as
"Trebuchet, Gulim". If Silverlight cannot �nd all the characters in the 
FontFamily list, Silverlight uses an internal font fallback list. The last font
on the Silverlight fallback list, known as the portable user interface font, can
display all the characters from all languages supported by Silverlight. 

Font Download
Both the TextBlock element and the Glyphs element can use a speci�c font
�le you include with your application to render text. Silverlight initiates the

PERFORMANCE TIP
The font enumeration process can take signi�cant time and may glitch
animation if the �rst TextBlock element appears during an animation.
If your application has this font enumeration glitch, you can display a
hidden TextBlock at an earlier time where the delay would be less
noticeable.
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font download when the FontUri is set and text may display later when
Silverlight receives the font data. To ensure that the �rst frame of your
application displays your text, you can include the font �le in your XAP or
application manifest. With this approach, the font �le downloads before the
�rst frame of the application.

Caches
The font �les used by Silverlight contain a vector description of each char-
acter in the font as well as a program for adjusting those vectors for display
at a particular resolution, also known as hinting. Typically, these hinting
programs snap vertical or horizontal features of fonts to pixel boundaries
and ensure even spacing between stems. Silverlight executes this TrueType
hinting program each time you display characters from a font at a differ-
ent size. To avoid repeating the same hinting computation, Silverlight
caches the result of the TrueType hinting program for each character used. 

In addition to caching the glyphs for each font, Silverlight also caches
the following:

� Metrics such as offset to baseline, position, and thickness of underline

� A table identifying which glyph to use for which Unicode entry point

� The width of each glyph

As with the glyph cache, Silverlight computes these caches when
needed for a speci�c character.

Rasterization
After text is stored in the glyph cache, Silverlight draws it with a process
 similar to that described in the previous chapter on vector graphics. 
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PERFORMANCE TIP
To reduce the time spent downloading your font files, place your font
files in the compressed XAP packages discussed in Chapter 2, �Appli-
cations.� You can also use a font subsetting program to remove unused
characters from the font file to further reduce the download size.



To improve text readability, additional rasterization steps include the 
following:

� Snapping glyph positions to integer y coordinates if
TextOptions.TextHintingMode="Fixed"

� Dropout control to attempt to compensate for missing sample
 artifacts

� Thickening and sharpening text 

� Generating ClearType data, which triples the horizontal display
 resolution

� Gamma correction for text anti-aliasing 

Silverlight snaps the text baseline to integer y coordinates to improve 
the sharpness of text display. Dropout control is a process that removes
missing character feature artifacts that are a result of the sampling process
for  display. Text thickening and gamma correction improve the accuracy 
of the character display thickness and contrast. This different rasterization
process will affect your application. Both hinting and snapping may 
cause your text to change appearance during animation and can cause a 
jarring visual effect. For smoother animation, you should set the 
TextOptions.TextHintingMode="A nimated" property. 

Where Are We?

This chapter described the following:

� The Silverlight runtime text design principles that in�uence the
 layout, readability, and cross platform behavior of your text

� How you can use the TextBlock element to display formatted
 paragraphs of text

� How you can use the Glyphs element for advanced typography not
supported by the TextBlock element

� How the Silverlight text runtime works �under the hood� 

� How you can improve the readability and performance of your text
display
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5 
Input Events

I N THIS CHAPTER , you will learn how to make Silverlight applications
 interactive with mouse and keyboard events. In particular, this chapter

will describe the following:

� Silverlight input design principles

� How you can use mouse and keyboard events in your controls and
applications

� How Silverlight input works �under the hood�

Input Principles

The goal of the Silverlight input system is to delegate input events to
 application event handlers. Many components could respond to a mouse or
keyboard event including the Web browser frame, the HTML Web page, or
the many controls in your application. 

The design goals of Silverlight input include the following:

� Coordinate input between the Web browser and the Silverlight
application

� Enable you to create applications composed of several controls
through an event delegation system
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� Provide consistent behavior across different operating systems 

� Support multiple languages for keyboard events

Receiving Web Browser Events
Your Silverlight application is contained within the HTML page in the
Web browser frame. If your mouse is over the rectangle bounds of the 
display area, your Silverlight application will receive mouse events; 
otherwise, the browser will get those events. The only exception to this
rule is when you take mouse capture to receive mouse events outside
your display bounds. 

Technical Insight
Due to operating system and Web browser limitations, it is not possible to
provide mouse capture in all cases. In particular, if you set windowless=true
on the Silverlight plug-in, you lose capture when the mouse exits the control
bounding rectangle. If you set windowless=false, you continue to receive
those mouse events when the mouse is outside your Silverlight plug-in 
display area.  

The other important delegation decision is to determine when your 
Silverlight application receives keyboard events and when those events go
to the Web browser. Keyboard events typically have a different meaning to
different components. For example, if a user presses the backspace key, it
could remove a character in a TextBox element if Silverlight receives the
event or it could navigate back to another Web page if the Web browser
receives the event. Because the consequences of giving keyboard events to
the Web browser can sometimes result in data loss by navigating away from
your application, Silverlight consumes all events when it has focus and
never delegates to the Web browser. If you want events to explicitly go to the
Web browser, you can release focus from the Silverlight plug-in by calling
the blur() method on the Silverlight plug-in or delegate events back to the
Silverlight application by calling the focus() method on the plug-in.
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Technical Insight
The Web browser does not delegate certain keystroke combinations. Some
of the events that you cannot receive in your Silverlight application may be
Web browser specific. For example, the Web browser does not send
the keyboard shortcut to close the Web browser (Alt-F4 on Windows) to the
Silverlight plug-in.

Custom Controls
When the Silverlight plug-in receives a mouse or keyboard event, it must
decide which elements receive that event. For a mouse event, the element
at the current mouse position is the first element to receive the event. 
It is desirable for that event to bubble up the element parent chain to
potentially other elements or controls. For example, if you have shapes
and text elements inside a button, it is desirable to have one event 
handler on the button rather than several event handlers on each of the
graphics  elements. To accomplish this logical grouping of mouse events
on elements, events bubble up the element parent chain until they get to
an event  handler that marks the event as handled. If no element marks
the event as handled, the event continues to bubble to the root of the
 element tree.

Like mouse events, keyboard events must also delegate to the appro-
priate element. Because keyboard keys do not have a location on the screen
like mouse events, the focused element receives keyboard events. 

Cross-Platform Consistency
Different operating systems have different conventions for mouse and 
keyboard input. For example, shortcuts on Windows usually involve the
control key, and shortcuts on the Mac usually involve the command key.
Built-in Silverlight controls use conventions consistent with the target 
operating system. For example, a TextBox element uses control+x for the
cut command on Windows and command+x for the cut command on the
Mac. If you require custom shortcuts, you must write platform-speci�c 
versions based on the platform key code provided in the keyboard event. 
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Multiple Languages
Different operating system language settings can have different  keyboard
mappings or language speci�c input methods for Far East languages. To
help you create applications that work on multiple languages, Silverlight
provides a TextBox element that provides text input for European and Far
East languages. In particular, you can use the Far East input method editors
or operating system mechanisms for inputting European accents with the
TextBox element.

For custom controls that require direct access to keyboard events,
 Silverlight �lters the basic key codes in the System.Windows.Input.Key
enumeration to only those available consistently in all supported 
languages. In particular, keys such as the comma key are different in 
different languages and do not appear in the Key enumeration. For 
example, many European languages use a comma to indicate a decimal
separator in a number instead of a period. You can still access those 
keys not in the Key  enumeration by specifying their key code number; 
however, you must test those events on all target languages.

Input Events

As discussed in Chapter 2, �Applications,� you can connect an event
 handler to code by setting the event handler in XAML:

<UserControl x:Class="RectangleClick.Page"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>

<Rectangle 
x:Name="myRectangle" 
MouseLeftButtonDown="MyRectangle_MouseLeftButtonDown"
Fill="Red" 
Width="100" 
Height="100"

/>

</UserControl>
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You can define this event handler in your C# code behind class:

namespace RectangleClick
{
public partial class Page : UserControl
{

private void MyRectangle_MouseLeftButtonDown(
object sender, 
MouseButtonEventA rgs e

)
{
Rectangle myRectangle = (Rectangle)sender;

myRectangle.Fill = new SolidColorBrush(Colors.Blue);
}

}
} 

Alternatively, you can connect an event handler programmatically in
your constructor:

namespace RectangleClick
{
public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

// Hook up left mouse button down event

Rectangle myRectangle = (Rectangle)this.FindName("myRectangle");

myRectangle.MouseLeftButtonDown += 
new MouseButtonEventHandler(MyRectangle_MouseLeftButtonDown);

}
}

}

New in Silverlight 3
You can use mouse wheel events in Silverlight 3 by setting the MouseWheel
event handler. 
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Mouse Input Events
Connecting mouse events to handlers is straightforward, as shown in the
previous examples. However, Silverlight must decide which element
should receive a particular event. This section discusses the three aspects
that determine which element gets the event: mouse capture, bubbling, and
hit-testing rules.

Mouse Capture
As previously shown, you can connect a MouseLeftButtonDown event handler
to an element to receive that event. Similarly, a MouseLeftButtonUp event is
available. In some cases, you may not receive a MouseLeftButtonUp event after
a MouseLeftButtonDown event. For example, if a user depresses the mouse but-
ton over an element, moves the mouse, and then releases the mouse button,
the mouse may no longer be over the target element and Silverlight does not
send the MouseLeftButtonUp event to your event handler. 

If you want to guarantee a MouseLeftButtonUp event, you can take
mouse capture while the mouse button is down and release it when the
mouse button is up. For example, to have a simple rectangle change color
on mouse down and restore color on mouse up, you can connect your event
handlers in your page constructor and toggle properties to change the 
rectangle color:

namespace RectangleClick
{
public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

// Hook up event handlers for the rectangle

Rectangle myRectangle = (Rectangle)this.FindName("myRectangle");

myRectangle.MouseLeftButtonDown += 
new MouseButtonEventHandler(MyRectangle_MouseLeftButtonDown);

myRectangle.MouseLeftButtonUp +=
new MouseButtonEventHandler(MyRectangle_MouseLeftButtonUp);

}

private void MyRectangle_MouseLeftButtonDown(
object sender, 
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MouseButtonEventA rgs e
)

{
Rectangle myRectangle = (Rectangle)sender;

// Set to mouse depressed color

myRectangle.Fill = new SolidColorBrush(Colors.Blue);

// Take capture so we always get the mouse up event

myRectangle.CaptureMouse();
}

private void MyRectangle_MouseLeftButtonUp(
object sender,
MouseButtonEventA rgs e

)
{
Rectangle myRectangle = (Rectangle)sender;

// Restore to default color

myRectangle.Fill = new SolidColorBrush(Colors.Red);

// Release capture 

myRectangle.ReleaseMouseCapture();
}

}
}

Technical Insight
If you set windowless=true on the Silverlight plug-in, it is not possible for
Silverlight to capture the mouse if the mouse cursor leaves the Silverlight
plug-in area due to Web browser and operating system limitations. You can
detect that the mouse cursor is leaving the plug-in display area by 
listening to the MouseLeave event on the root element.

Typically, losing capture is an unexpected end user experience. It is recom-
mended that you host the Silverlight plug-in with the windowless=false
setting.
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Technical Insight
Due to security restrictions, you can only take mouse capture on the
MouseLeftButtonDown event and Silverlight automatically releases
mouse capture on the MouseLeftButtonUp event.    

In addition to mouse button events, you can also receive MouseMove,
MouseEnter, and MouseLeave events. The MouseEnter event is a useful
mouse move event that Silverlight �res when the mouse transitions from
some position outside the element display area to some position within the
element display area. Conversely, the MouseLeave event �res when the
mouse position transitions from inside the element to outside the element. 

You can use the MouseEnter and MouseLeave events to implement hover
effects. For example, to recolor a rectangle red when the mouse hovers over
its display area and restore it to blue when it leaves the display area:

namespace RectangleClick
{
public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

// Hook up event handlers for the rectangle

Rectangle myRectangle = (Rectangle)this.FindName("myRectangle");

myRectangle.MouseEnter += 
new MouseEventHandler(MyRectangle_MouseEnter);

myRectangle.MouseLeave +=
new MouseEventHandler(MyRectangle_MouseLeave);

}

private void MyRectangle_MouseEnter(
object sender, 
MouseEventA rgs e
)

{
Rectangle myRectangle = (Rectangle)sender;
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// Set to mouse over color

myRectangle.Fill = new SolidColorBrush(Colors.Blue);
}

private void MyRectangle_MouseLeave(
object sender,
MouseEventA rgs e

)
{
Rectangle myRectangle = (Rectangle)sender;

// Restore to default color

myRectangle.Fill = new SolidColorBrush(Colors.Red);
}

}
}

You can use the GetPosition method on the event arguments to get 
additional information such as the mouse position:

namespace RectangleClick
{
public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

// Hook up event handlers for the rectangle

Rectangle myRectangle = (Rectangle)this.FindName("myRectangle");

myRectangle.MouseMove += 
new MouseEventHandler(MyRectangle_MouseMove);

}

private void MyRectangle_MouseMove(
object sender, 
MouseEventA rgs e
)

{
Rectangle myRectangle = (Rectangle)sender;

// Get position relative to this element

Point position = e.GetPosition(myRectangle);
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// Change the color based on mouse position

myRectangle.Fill = new SolidColorBrush(
Color.FromA rgb(

255, // alpha
(byte)(255.0f * position.X 

/ myRectangle.A ctualWidth),  // red
(byte)(255.0f * position.Y 

/ myRectangle.A ctualHeight), // green
255 // blue

));
}

}
}

The GetPosition method parameter is the element that de�nes the 
coordinate system for the mouse position. For example, if the rectangle is
positioned at 100,100 in the Silverlight application, a mouse event at the
top-left corner of the rectangle has position 100,100 relative to the root 
element but position 0,0 relative to the rectangle element.

Bubbling 
Silverlight first fires mouse events on the element underneath the mouse
position and then all elements in the parent chain. Event bubbling is the
process of progressively firing events from some child element to the 
elements in its ancestor chain.

Event bubbling enables you to provide a single event handler for 
multiple graphical elements. For example, if you have content that consists
of both an ellipse and a rectangle, you can connect a MouseMove handler to
receive a bubbled event:

<Canvas x:Name="myCanvas" MouseMove="MyCanvas_MouseMove">

<Ellipse 
Fill="LightGray"
Width="200" 
Height="200" 

/>

<Rectangle 
Fill="Gray"
Canvas.Left="100" 
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Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

Silverlight �res the mouse move event on the myCanvas element if the
mouse is on either the ellipse or the rectangle but not if the mouse is on the
gaps near the rectangle or ellipse element as shown in Figure 5.1.
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Figure 5.1: Hit-test area for a Canvas

with a rectangle and circle

Not hit

Hit

To stop the bubbling process from going further up the parent chain for
click events, you can set the Handled property on the mouse button event
arguments:

private void MyRectangle_MouseLeftButtonDown (
object sender,
MouseButtonEventA rgs e
)

{
e.Handled = true;

}

Hit-Testing Rules
Hit-testing is the name of the process that determines which element is
under a current position. Mouse events hit-test at the current mouse posi-
tion, then follow bubbling rules to delegate the events to the appropriate



elements. Typically, the element hit is the element that is visible at that 
position. However, there are three exceptions to this rule: opacity, text, and
the IsHitTestVisible property. 

If a shape has a brush with the Opacity property set to 0, it is still 
hit-testable despite the fact that it is not visible. The motivation for the 
opacity rule is to enable you to block events from reaching a set of elements
by putting a transparent rectangle above. If you would like to make a shape
truly invisible to hit-testing, you can set the Fill property on the element
to null.

The second exception to the visibility rule is text inside a TextBlock
element, a Glyphs element, a TextBox element, or any other text display 
element. Text is considered hit if any part of the bounding box for that text
is hit. Because thin stems of characters are dif�cult to hit precisely, this
exception provides a more desirable result for text hit-testing.

The third exception to the rule is the IsHitTestVisible property that
you can set to False to indicate that mouse events should ignore the current
element and hit elements underneath it in the draw order.

Keyboard Events and Focus
To hook up a keyboard event handler, set a KeyDown or KeyUp event handler
on a Control derived class. For example, to have a control display the 
current character pressed:

public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

this.KeyDown +=new KeyEventHandler(Page_KeyDown);
}

private void Page_KeyDown(object sender, KeyEventA rgs e)
{
TextBlock myTextBlock = (TextBlock)this.FindName("myTextBlock");

myTextBlock.Text = e.Key.ToString();
}

}
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The previous example does not actually display characters typed unless
the Silverlight plug-in has focus and this particular user control has focus.
For example, clicking on the user control gives it focus and enables it to
receive keyboard events.

A control can explicitly take focus by calling the Control.Focus()
method similar to how focus is transferred between HTML DOM elements.
The Control.Focus() call changes the element that Silverlight considers to
have focus; however, if the Silverlight plug-in does not have focus, the
plug-in still does not have focus after this call. You need to call the Focus()
method on the Silverlight plug-in to set the focus of the plug-in to the 
current window.

You should also use the IsTabStop property to specify which elements
can receive focus through a tab operation and the TabIndex property to
specify the order:

<UserControl x:Class="KeyboardEvents.Page"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>
<StackPanel>
<TextBox IsTabStop="False" Text="Not in tab order" />
<TextBox IsTabStop="True" TabIndex="2" Text="Second" /> 
<TextBox IsTabStop="True" TabIndex="1" Text="First" /> 

</StackPanel>

</UserControl>

If no value is set for the TabIndex property, the next element to 
receive focus when the tab key is pressed is the next element with 
IsTabStop="True" in element tree walk order. 
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ACCESSIBILITY TIP
To ensure that your application is accessible to individuals with 
disabilities every component in your user interface should be usable
using only the keyboard. The mouse should never be the only method
for using some feature of your application. In particular, someone who
is blind will not be able to use a mouse, but can use a keyboard 
interface with a screen reader.



Under the Hood

This section discusses how the Silverlight input system delegates input and
fires events �under the hood.� 

Mouse Events
When the Web browser provides the Silverlight plug-in with a mouse
event, Silverlight does the following:

1. Checks if mouse capture is set on some element. If mouse capture is
set, the captured element �rst receives that event.

2. If mouse capture is not set, performs a hit-test operation to �nd the
element under the current mouse position.

3. Records the path from the element found in steps 1�2 up the parent
chain to the root element in a list that determines the bubbling order
for events.

4. Enumerates the bubbling list and �res the mouse events. 

5. If an event handler marks the event as handled, stops enumerating
the bubbling order list and stops �ring further events for this mouse
event.

Silverlight records the bubbling order in a list so that any element child
and parent changes during event handlers do not affect which events 
Silverlight fires.
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PERFORMANCE TIP
Silverlight may walk many of the elements in your tree during a 
hit-test operation. As with a number of systems in Silverlight, keeping
application trees as simple as possible is a general performance
improvement. You can reduce the element count by removing 
elements that are no longer visible.



Keyboard Events
When the Web browser provides the Silverlight plug-in with a keyboard
event, Silverlight does the following:

1. Sends the event to the element with focus.

2. If the element does not handle the event, Silverlight checks if it is a
special key. For example, if the tab key is pressed and the control
does not handle tab, Silverlight changes focus to the next element
that can receive focus.

Silverlight only provides you with KeyDown and KeyUp events. Some
other platform libraries have additional character events that represent an
accumulation of several key strokes. For example, typing a Japanese char-
acter may involve many KeyDown and KeyUp events for a single character.
For multi-language input, Silverlight provides a TextBox element to map
several keys to a single key. 

Asynchronously Firing Events
Silverlight fires some mouse and keyboard events asynchronously to your
application. Silverlight fires input events after layout events or per-frame
callback events but before Silverlight renders content to the screen. If there
are other asynchronous events (such as a download complete event), those
are mixed with your input events.

Generally, you can rely on the relative order of input events being the
same as the order the user provided the input, but the order relative to
other types of events may not be predictable. 
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PERFORMANCE TIP
Silverlight fires input events on the same thread that renders anima-
tion. You should avoid long operations in input event handlers to
avoid glitches in animation.



Where Are We?

This chapter described the following:

� The Silverlight runtime input principles 

� How you can use mouse and keyboard events to create interactive
applications

� How Silverlight input works �under the hood�
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6 
Animation

I N CH A P T E R 5, •Input Events,Ž you learned how to use mouse and
 keyboard events to create interactive applications. Another important

component to user interface design is animation. Some examples include
a ”ashing cursor, a pulsating button, and a sliding menu of new controls.
A ”ashing cursor in an edit box directs attention to the current insertion
point more effectively than a static graphic. A pulsing button can help the
user quickly “nd a critical action to invoke. A set of new controls sliding
into view would direct attention to the new actions available in your
 application.

In addition to emphasizing components of a user interface, you can use
animation to make your application more desirable to use. Good artistic
design and animation can enhance your application. For example, a
 pleasing animation during a loading screen can make waiting for an
 application to load tolerable.

This chapter focuses on the following:

€ Animation system design principles

€ How you can use animation elements in your application

€ How Silverlight animation works •under the hoodŽ and how you
can achieve faster and smoother animation



Frame 1

Frame 2

Frame 3

Figure 6.1: Frame-based animation
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Animation Principles

You can use the Silverlight animation system to change element properties
over several display frames to create the illusion of motion, fading in or out,
changing color, or any other visual animation effect. This section describes
the animation design principles:

€ The differences between time-based animation and frame-based
 animation

€ How you can achieve accurate frame scheduling

€ How you can achieve fast and smooth animation 

€ How you can create custom animations not supported by
 Silverlight 

Time-Based Animation versus Frame-Based Animation
Frame-based animation subdivides an animation into a set of discrete frames
by de“ning the content to display on each frame. For example, you could
draw a rectangle at position (0,0) in frame 1, position (10,10) in frame 2, and
position (20,20) in frame 3 as shown in Figure 6.1 to create an  animation.
 Animation authoring tools could theoretically generate those frames
 automatically.  



Slow Computer Fast Computer

Figure 6.2: Time-based animation
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The main drawback of frame-based animation is that the smoothness of
the animation no longer varies with the CPU and GPU speed of the target
machine. For example, suppose you were drawing content that can animate
smoothly at 60 frames per second on a fast computer and at 25 frames per
second on a slow computer. If you de“ne only 25 frames, you are arti“cially
limiting the animation quality on the fast computer. If you de“ne 60 frames,
the slow computer will need to increase the duration of the animation or
drop frames.

To solve the problems with frame-based animation on different speed
computers, Silverlight uses an approach called time-based animation.
Instead of specifying which content displays on which frame, you spec-
ify content that Silverlight can interpolate to any number of frames. For
example, to move a rectangle from one place to another, you would spec-
ify that the rectangle should move from position (0,0) and end in position
(100,100) in three seconds. Silverlight then divides the animation into a
number of frames that vary with the capability of the computer as shown
in Figure 6.2. 

With time-based animation, Silverlight subdivides the animation into
frames based on the capabilities of the target machine. This approach scales
with your machine CPU and GPU better than the alternate approach of the
authoring tool dividing an animation into frames.



Technical Insight
The difference between frame-based animation and time-based animation
is analogous to the difference between bitmap image rendering and vector
graphics rendering. You can rasterize vector graphics at any display reso-
lution. Similarly, a time-based animation can split into any number of
frames based on how fast the target machine runs.  

As you learned in Chapter 3, �Graphics,� the sampling process converts a
continuous vector graphic to discrete pixels and can produce sampling
artifacts. Another sampling process is converting a time-based animation
into frames that have similar artifacts. For example, if too few samples are
used, you see jagged edges with a vector rasterization and you get jumpy
motion with an animation.

To solve the problem with vector graphics rasterization, Silverlight uses
an anti-aliasing technique to simulate more pixels and reduce the jagged
appearance of edges. With animation, a technique known as motion blur
can reduce the jumpy appearance of animation. Silverlight currently does
not support motion blur, but it does support increasing the frame rate to
help reduce these artifacts on faster computers.

Changing Properties over Time
With the Silverlight animation system, you can change property values
over time to achieve smooth animation. At “rst, it may seem that you can
do the following:

1. Set an HTML window.setInterval timer

2. Snapshot the current time

3. Compute the value of your properties

4. Set the property values
However, if you follow this strategy, you get a poor quality animation. In

particular, the “rst step of setting an HTML timer with window.setInterval
can be a low precision timer on several Web browsers and operating
 systems. If you ask for a 15ms timer interval, the browser may call you back
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in 15ms, 20ms, or even 30ms. A 15ms error produces a jittery visual result.
A second problem with the window.setInterval timer is that it is low
 priority. If the browser has some other work to do, that work will delay your
timer. For example, you may request a 15ms callback and receive the
 callback 5 seconds later. These limitations do not produce an acceptable
visual experience as demonstrated by Figure 6.3.
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Figure 6.3: Animation timing artifacts

Another problem with the simple animation approach mentioned ear-
lier is that it does not mix with changes made from interactive content. For
example, if the application user presses a button, Silverlight renders a new
frame to re”ect the new state of that button. However, because Silverlight
draws the new frame at a different time than the HTML timer, your ani-
mation would appear to have stopped brie”y. 

To solve these problems, you should

€ Use an accurate timer that can generate frames at precise periodic
rates at normal priority such as the one built into the Silverlight 
animation system

€ Synchronize animation updates with content updates invoked by
users

Custom Animations
Although the Silverlight animation system supports many kinds of
 animation, it is possible that you want to create custom animations. For
example, suppose you want to have physics-based simulation in your
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application such as an exploding particular effect. The HTML timer is not
suf“cient because of poor frame scheduling precision and the lack of
 synchronization with other changes in content. The solution provided in
Silverlight is a per frame callback that is “red with high precision and
 synchronizes properly with content updates. You can write arbitrary code
in your per frame callback to perform custom animations.

Performance
To achieve smooth animation, you must have accurate timing and
 synchronization. You also need the capability to change a property quickly.
Some property changes can be slow. For example, if you change the width
of the Silverlight plug-in, Silverlight will perform a layout operation that
computes the sizes of all controls, generates new graphics, and could cause
the entire frame to be redrawn. On the other hand, changing the color of a
 small object only causes Silverlight to redraw those pixels. Because anima-
tions change properties often, you get the fastest and smoothest experience
by changing those properties that require the least computation to produce
an updated frame. This chapter explains the kinds of properties that are
most suitable for animation.

Animation Elements

To specify an animation in Silverlight, you need some way to do the
 following:

€ Start your animation

€ Specify the start time and duration of your animation

€ Specify the property to animate

€ Specify how that property will change

For example, to move a rectangle from position (0,0) to position (300,0)
in 5 seconds:

<Canvas
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>
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<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>
<DoubleA nimation
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
From="0" 
To="300" 
Duration="0:0:5"
/>

</Storyboard>
</BeginStoryboard>

</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

The Canvas element has a Triggers collection with a Canvas.Loaded
routed event. A trigger is an action taken in response to an event. In this
particular case, when the Canvas element receives a Loaded event, the
action taken is to start the animation with the BeginStoryboard action.
Currently, the only supported trigger in Silverlight is the Loaded event
trigger. The Storyboard element contains a list of animations to run.
As discussed later in this chapter, the Storyboard element can control all
the animations that are contained within it by changing their speed,
repeat behavior, time duration, and so on. The DoubleA nimation
 element specifies which property and element to change, the values,
and the time duration for those changes. In this particular case, you are
animating the Canvas.Left property of the rect1 element from 0 to 300
over 5 seconds.

The syntax for all time measurements for storyboard and animation
objects is the same syntax as the DateTime object. Specifying a Duration
value of "5" means “ve days. You should always use the full explicit  syntax
to avoid this problem„that is, specify "0:0:5" for 5 seconds. See the
 Software Development Kit (SDK) documentation for the DateTime object
for more speci“c information on the time format.



The remainder of this section describes the other ways of starting an
 animation, using storyboards to group animations, and the animation 
elements available.

Starting an Animation
In the previous example, you learned how to start an animation using a
Loaded event trigger. Another common way to start an animation is in
response to a mouse event. For example, you may want a hover animation
on a button when the mouse is over that button. Silverlight does not cur-
rently have triggers for mouse events. To begin an animation from a mouse
event, “rst include the animation in the Resources section of your control
to prevent it from automatically starting when your content is loaded:

<UserControl x:Class="MouseHoverA nimation.Page"
xmlns="http://schemas.microsoft.com/client/2007" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>

<UserControl.Resources>
<Storyboard x:Name="storyboard">

<ColorA nimation
x:Name="colorA nimation"
Duration="0:0:3"
Storyboard.TargetName="rectColor"
Storyboard.TargetProperty="Color"
/>

</Storyboard>
</UserControl.Resources>

<Canvas>
<Rectangle x:Name="rect" Width="100" Height="100">

<Rectangle.Fill>
<SolidColorBrush x:Name="rectColor" Color="Blue"/>

</Rectangle.Fill>
</Rectangle>

</Canvas>

</UserControl>

To animate the “ll color of a rectangle to red on MouseEnter and back to
blue on MouseLeave, you can call Storyboard.Begin in your mouse event 
handlers:

public partial class Page : UserControl
{
public Page()
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{
InitializeComponent();
// Connect event handlers

rect.MouseEnter += OnMouseEnter;
rect.MouseLeave += OnMouseLeave;

}

void OnMouseEnter(object sender, MouseEventA rgs e)
{
// Find the color animation and storyboard
ColorA nimation colorA nimation =

(ColorA nimation)FindName("colorA nimation");

Storyboard storyboard = (Storyboard)FindName("storyboard");

// Set the target color.  The From value is not set.  A nimation 
// will start from the current value of color.
colorA nimation.To = Colors.Red;

// Start the animation
storyboard.Begin();

}

void OnMouseLeave(object sender, MouseEventA rgs e)
{
// Find the color animation and storyboard
ColorA nimation colorA nimation =

(ColorA nimation)FindName("colorA nimation");

Storyboard storyboard = (Storyboard)FindName("storyboard");

// Set the target color.  The From value is not set.  A nimation
// will start from the current value of color.
colorA nimation.To = Colors.Blue;

// Start the animation
storyboard.Begin();

}

}

In the previous example, notice that the From value of the animation
was not set. When the From value is omitted, the animation begins from the
 current value. In this mouse hover example, if the mouse leaves half way
through the animation, the rectangle “ll color would animate from purple
back to blue instead of resetting to red. You typically want to omit the From
value for animations started from mouse events to avoid  popping effects. 
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Interpolation and Key Frame Animations 
Silverlight has two types of animations: interpolation animations and key
frame animations. An interpolation animation takes a start value and an
end value and smoothly interpolates from the start to the end. A key frame
animation takes several key frames and interpolates from one key frame
value to the next.

DoubleA nimation, ColorA nimation and PointA nimation use linear
interpolation based on From and To values to calculate an intermediate
value at a given point in time. The progress of an animation is a value
between 0 to 1 that indicates how far through the Duration an animation
has progressed. For example, an animation beginning at 3 seconds, with
duration of 10 seconds, and a current time of 8 seconds, has a progress of 0.5
since it is 5 seconds past its begin time, which is half its total duration.
Based on the progress of an animation, the current value is

Value(progress) = progress * ToValue + (1…progress) * FromValue

You can use key frame animations to specify a sequence of interpolations
to achieve an animation path that is not possible with a single linear inter-
polation. For example, the following animation “rst moves a rectangle right
100 pixels and then left 50 pixels:

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>

<DoubleA nimationUsingKeyFrames
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
Duration="0:0:6"

>
<LinearDoubleKeyFrame Value="0" KeyTime="0:0:0" />
<LinearDoubleKeyFrame Value="100" KeyTime="0:0:3" />
<LinearDoubleKeyFrame Value="50" KeyTime="0:0:6" />                      

</DoubleA nimationUsingKeyFrames>   



Figure 6.4: Smooth spline versus linear segment interpolation
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</Storyboard>
</BeginStoryboard>

</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

The DoubleA nimationUsingKeyFrames element is a container for time
and value key frame entries. The true power of a key frame animation is the
capability to provide a spline based interpolation. A spline is a polynomial
function that interpolates points more smoothly than a linear interpolation.
For example, Figure 6.4 shows the difference between a linear interpolation
and a spline-based interpolation on a set of points.

To specify a spline-based keyframe animation shown in Figure 6.4:

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>



<BeginStoryboard>
<Storyboard>

<DoubleA nimationUsingKeyFrames
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
Duration="0:0:6"

>
<SplineDoubleKeyFrame Value="0" KeyTime="0:0:0" />
<SplineDoubleKeyFrame Value="100" KeyTime="0:0:3" />
<SplineDoubleKeyFrame Value="50" KeyTime="0:0:6" />                      

</DoubleA nimationUsingKeyFrames>   
<DoubleA nimationUsingKeyFrames
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Top)"
Duration="0:0:6"

>
<SplineDoubleKeyFrame Value="0" KeyTime="0:0:0" />
<SplineDoubleKeyFrame Value="100" KeyTime="0:0:3" />
<SplineDoubleKeyFrame Value="50" KeyTime="0:0:6" />                      

</DoubleA nimationUsingKeyFrames>   

</Storyboard>
</BeginStoryboard>

</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

It is also possible to use a discrete key frame animation to jump from one
position to another without any interpolation:

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>

<DoubleA nimationUsingKeyFrames
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
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Duration="0:0:6"
>
<DiscreteDoubleKeyFrame Value="0" KeyTime="0:0:0" />
<DiscreteDoubleKeyFrame Value="100" KeyTime="0:0:3" />
<DiscreteDoubleKeyFrame Value="50" KeyTime="0:0:6" />                      

</DoubleA nimationUsingKeyFrames>   

</Storyboard>
</BeginStoryboard>

</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

Key frame animations also have the capability to animate between
 different objects. For example, you can specify an animation that changes
a rectangle to an ellipse:

<Canvas   
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>

<ObjectA nimationUsingKeyFrames
Storyboard.TargetName="path1"
Storyboard.TargetProperty="Data"

>
<DiscreteObjectKeyFrame KeyTime="0:0:0">
<DiscreteObjectKeyFrame.Value>
<RectangleGeometry Rect="0, 0, 100, 100"/>

</DiscreteObjectKeyFrame.Value>
</DiscreteObjectKeyFrame>
<DiscreteObjectKeyFrame KeyTime="0:0:2">
<DiscreteObjectKeyFrame.Value>
<EllipseGeometry 
Center="50, 50" 
RadiusX="50" 
RadiusY="50"

/>
</DiscreteObjectKeyFrame.Value>
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</DiscreteObjectKeyFrame>
</ObjectA nimationUsingKeyFrames>   

</Storyboard>
</BeginStoryboard>

</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Path x:Name="path1" Width="100" Height="100" Fill="Red"/> 

</Canvas>

Timelines
In previous examples, you learned how to set the Duration property to
specify the duration of an animation. In this section, you learn how to
 modify the timeline by setting properties to change the start time, repeat
behavior, or even create animations that automatically bounce.

To start an animation at a speci“c time, set the BeginTime property on a
Storyboard element, DoubleA nimation, or a PointA nimation. When you
start an animation, you have the option to get the animation to do the
 following:

€ Repeat behavior until it is stopped

€ Repeat behavior until the animation is removed

€ Reverse behavior

For example, you can set the animation to repeat behavior three times
by setting the RepeatBehavior to "3x". You can set the RepeatBehavior
to  Forever to repeat indefinitely until the animation is stopped by calling
Storyboard.Stop() or is removed from the element tree. To reverse an
 animation at the end of its duration set the A utoReverse property to true.

Easing Functions (New in Silverlight 3)
In Silverlight 3, you can now specify new interpolation functions that are 
non-linear by setting the EasingFunction property on an animation. For
example, if you want to create a bounce animation as shown in Figure 6.5, set
the EasingFunction property to BounceEase for the Canvas.Left  animation:
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<Canvas 
xmlns="http://schemas.microsoft.com/client/2007"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
>

<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard>
<DoubleA nimation
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Left)"
From="0" 
To="300" 
Duration="0:0:5"

>

<DoubleA nimation.EasingFunction>
<BounceEase/>

</DoubleA nimation.EasingFunction>

</DoubleA nimation>

<DoubleA nimation
Storyboard.TargetName="rect1"
Storyboard.TargetProperty="(Canvas.Top)"
From="0" 
To="300" 
Duration="0:0:5"

/>

</Storyboard>
</BeginStoryboard>

Figure 6.5: Bounce animation



</EventTrigger.A ctions>
</EventTrigger>

</Canvas.Triggers>

<Rectangle x:Name="rect1" Width="25" Height="25" Fill="Red"/>

</Canvas>

Each easing function modi“es the progress time for an animation to cre-
ate a non-linear path from start to end. Easing functions can run in three
modes speci“ed by the EaseMode property: EaseMode.EaseIn,
EaseMode.EaseOut, and EaseMode.EaseInOut. EaseMode.EaseIn applies the
easing function unmodi“ed. EaseMode.EaseOut applies 1- EaseFunction
(1 - progress). EaseMode.EaseInOut eases in for the “rst half of the
 animation and eases out for the second half of the animation. The default
EaseMode is EaseMode.EaseOut. Figure 6.6 shows the easing functions in
EaseMode.EaseOut mode built into Silverlight 3. 

Often easing functions have a number of properties that you can use to
customize their appearance. For example, the BackEase function has an
A mplitude property to change the amplitude of the curve.
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CircleEase BackEase ExponentialEase BounceEase

PowerEase QuadraticEase CubicEase SineEase

SpringEaseQuinticEaseQuarticEase

Figure 6.6: Easing out functions
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PERFORMANCE TIP
Built-in easing functions run faster than the custom ones. You should
try to use built-in functions whenever possible. 

Custom Animation Functions (New in Silverlight 3)
To create your own easing function, you can derive from EasingFunctionBase
and include your own animation progress modifying function:

public class Quadratic : EasingFunctionBase
{
// Progress is normalized from 0�1 value range.
protected override double EaseInCore(double progress)
{
return progress * progress;

}
}

The input is the progress of the animation that is a normalized value
between zero and one. The output is a progress value in the zero to one
space, but you can exceed that value to exceed the original animation start
and end values. 

You can then use the function anywhere you use a built-in easing
 function, such as a DoubleA nimation:

<DoubleA nimation.EasingFunction>
<app:Quadratic/>              

</DoubleA nimation.EasingFunction>

Under the Hood

So far, you have learned the animation design principles and the basic
 elements you can use to add animation to your application. This section
describes how Silverlight animation works •under the hoodŽ to help you
create faster and smoother animations in your applications. In general, any
performance recommendation found in this book can help improve your
animation quality. This section focuses on helping you understand those
that most directly in”uence the display quality and speed of your
 animation.
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During an animation, Silverlight does the following:

1. Sets a high precision timer to render each frame

2. Computes animation values and changes property values

3. Updates layout and rendering based on the property changes

4. Presents the display frame to the screen using the browser

This chapter discusses how each of these steps can in”uence the  quality
of your animation.

The Animation Tick
A high precision timer is necessary to ensure accurate display times
for smooth animation. The mechanism to set up that timer varies
with the operating system. However, in all cases, Silverlight does the
 following:

1. Receives a timer callback indicating it is time to draw a new frame

2. Snapshots the current time

3. Evaluates all animation objects at the current time

4. Computes any layout changes

5. Fires any layout events required

6. Fires the per-frame callback if required

7. Incrementally redraws the changes for the current timer tick. The
timer tick may also contain changes made from any other explicit
changes to the element properties  

8. Noti“es the browser that a frame (or an incremental delta to an
existing frame) is complete for display

A particular step can be fast by itself, but can lead to more work in a
later step. For example, property invalidation through an animation can
be fast, but it may trigger a slow layout computation later. Often, the
slowest step in this process is incrementally rendering the changes for 
the current timer tick, and that step is often the focus of most animation
speed tuning.



PERFORMANCE TIP

Because Silverlight defers slow work until the next tick, a performance-
pro�ling tool does not help you diagnose which properties cause which
performance problems. The guide in this section helps you isolate the
slowest properties by providing a general ordering of speed. To isolate
a speci�c performance problem, you need to remove some animations
and measure the improvement in  application frame rate.  

The speed of changing a property relies on both the property changed and
the number of pixels that need to be redrawn to respond to the change.
Clearly, if you change full screen elements, those will take longer to draw than
smaller elements. Assuming all the elements considered are the same size, the
speed of changing a property ordered from fastest to slowest is as follows:

1. Changing a brush color or brush transform

2. Changing the position of a shape 

3. Changing the position of text

4. Rotating or scaling a shape

5. Changing display of a shape stroke 

6. Changing the opacity on an element

7. Changing size of an element with layout behavior such as a Grid or
StackPanel

8. Changing the size of text

Next, you will learn what Silverlight does with each of the preceding
actions.
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Property Change Speed
For fast and smooth animation, each frame needs to draw quickly so that
the display can update at a rate of 60 frames per second. The animate
 properties influence the speed at which a frame is drawn. The act of
 changing a property itself simply changes its value and marks that object
as requiring some future computation. On the next timer tick, Silverlight
responds to all the pending work and prepares a new frame.
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Changing a Brush Color or Brush Transform
When a brush color or brush transform is changed, only the pixels affected
by that change are redrawn. In particular, there is no need to do additional
layout, geometry, or other work in this process. Consequently, it is the
fastest form of change. RadialGradientBrush and LinearGradientBrush do
require some additional computation versus a SolidColorBrush but are
fast enough for you to use in real-time animations.

Changing a Shape Position
When a shape position changes, Silverlight redraws the content that was
above or behind the shape in the old position as well as the shape in the
new position. Consequently, more pixels are affected and the change is
slower than a color change. Position changes are still relatively fast and you
can use them liberally in animation.

Changing the Position of Text
Changing the position of text is similar to changing the position of a
 graphics shape. Text rendering contains some additional steps that increase
the display cost relative to a shape position change. The process is still fast
enough to use liberally in animation.

Rotating or Scaling a Shape
Rotating and/or scaling a shape is the speed of changing the position of a
shape plus the geometric processing time required to handle the scale and
rotation change. 

Changing Display of a Shape Stroke
Changing the stroke thickness or dashing pattern causes the widening
process described in Chapter 3 to run again. This additional widening
process pass adds time beyond rotating or scaling a shape.

Changing the Opacity of an Element
Changing the opacity of the element is just a simple update to pixel 
operations but it is often slower than geometry operations. You should use
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opacity effects for transitions or for content that is restricted to a small 
display area.

Changing Size of an Element with Layout Behavior
When a layout element changes size, it often regenerates all the shape 
elements for its display. This regeneration step also causes geometry
computation and pixel processing to occur. Changes to layout are
 typically slow and you should use layout animations in only simple
cases.

Changing the Size of Text
Changing the size of text requires the font true type program to run, causes
geometry processing work, and causes pixel processing work. Typically, 
the font true type program does not run at animation speeds and this type
of animation will appear to glitch. Chapter 4 describes how to use 
TextOptions.TextHintingMode="A nimated" to bypass some of these
expensive steps to create faster and smooth text animation.

Screen Display
After Silverlight renders a frame, it needs to get to the screen. Chapter 3
 discussed how content goes from a back buffer to the screen. The following
are the two most important suggestions from Chapter 3 that will improve
the quality of your animation:

1. Do not set a transparent background color on the plug-in object. 
On some operation systems, this may cause signi“cant slowdown 
in  animation speed. Chapter 3 discusses the reason for this extreme
 slowdown.

2. Do not set the plug-in object to windowless mode. Windowless
mode can cause visual tearing that can become an irritation to the
human eye during animation. For smooth animation, run the  
plug-in with windowless=false.



Where Are We?

In this chapter, you learned the following:

€ The animation system design principles

€ How you can use animation elements in your application

€ How Silverlight animation works •under the hoodŽ and how you
can achieve faster and smoother animation

In addition, you have learned a number of important performance
 optimization techniques for use with your application.

Chapter 6: Animation152



7 
Layout

THIS CHAPTER DESCRIBES how to use the layout system to automatically
size and position elements in your application. In particular, this chapter

discusses the following:

€ The Silverlight layout design principles

€ How to use the Canvas, StackPanel, Grid, and Border elements

€ How to build custom layout elements

€ How the layout system works •under the hoodŽ

Layout Principles

The layout system determines the size and position of the elements in your
application. The design goals include

€ Automatic sizing and positioning of graphical elements and controls
in your application

€ Automatic response to display area size changes„for example, by
resizing the browser window

€ Providing a resolution-independent layout that will have the same
relative positioning under different scale transforms
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Automatic Sizing and Positioning
Chapter 3, •Graphics,Ž discussed how to position graphics elements such
as the Path element in a Canvas to create your application display. Manu-
ally positioning elements and determining the appropriate size can be a
cumbersome process. If content changes size within a Canvas element, you
also need to write code to readjust the display size and position of the
graphics elements.

For example, to draw a rounded rectangle surrounding some text
without the layout system, as shown in Figure 7.1, you would employ the
following:
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Figure 7.1: Surrounding text 

with a rounded rectangle

<Canvas>
<Rectangle 
RadiusX="8" 
RadiusY="8" 
Width="76" 
Height="25" 
Fill="LightGray"

/>
<TextBlock Canvas.Top="5" Canvas.Left="5" Text="Hello World"/>

</Canvas>

In this example, the size of the text is explicitly set in the Width and
Height properties on the Rectangle element. If this text changes at runtime,
additional code needs to determine the size of the text and create the 
Rectangle element:

//
// A dd a rectangle around the text
//

float padding = 5;

Rectangle myRectangle = new Rectangle();
myRectangle.Width = textBlock.A ctualWidth + 2*padding;



myRectangle.Height = textBlock.A ctualHeight + 2*padding;
myRectangle.Fill = new SolidColorBrush(Colors.LightGray);
myRectangle.RadiusX = 8.0;
myRectangle.RadiusY = 8.0;

In the previous example, sizing graphics elements to surround content is
cumbersome. The Silverlight layout system makes sizing and positioning of
graphical elements more convenient. The layout system provides built-in 
elements that size and position content. Silverlight also provides a mecha-
nism to create new layout elements that can participate in the layout process.
For example, to draw the sample shown in Figure 7.1 with the layout system,
you can use the built-in Border element:

<Border CornerRadius="8" Padding="5" Background="LightGray">
<TextBlock Text="Hello World"/>

</Border>

The Border element automatically determines the size of its content, 
allocates extra space around it, and draws a visual border. 

In addition to sizing elements, the layout system can position elements.
For example, to arrange three Button elements as shown in Figure 7.2, you
can use the StackPanel element:
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Figure 7.2: Positioning elements 

in a vertical stack 

<StackPanel>
<Button Content="Short"/>
<Button Content="Medium text"/>
<Button Content="A  much longer string than normal"/>

</StackPanel>

In this example, the layout system sizes the Button elements at least as
large as the text they contain. The top two Button elements have their size
extended so that they are the same size as the widest element in the stack.
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LOCALIZATION TIP
Text strings from different languages render at different sizes. To
 localize your application to another language, text should always be
contained within layout elements that are capable of sizing larger or
smaller as the text string changes.

Automatic Application Resize
In addition to layout elements sizing their child elements, the Silverlight
plug-in can also size the root layout element to the plug-in size for automatic
application resize behavior. For example, you can specify that the Silverlight
plug-in match the browser window size:

<body>
<object 
data="data:application/x-silverlight," 
type="application/x-silverlight-2" 
width="100%" 
height="100%"

>
<param name="source" value="ResizeExample.xap"/>

</object>
</body>  

The use of 100% as a size only works in some Web browsers. To create
a fully cross-platform resize behavior, you need to set the Silverlight control
width and height from JavaScript each time the page resizes. 

In addition, you can set the root element on your Silverlight application
to a container that is capable of arranging content dynamically based on
browser window size to get the behavior shown in Figure 7.3.

<Grid>
<!�� Define two rows ��>

<Grid.RowDefinitions>
<RowDefinition/>
<RowDefinition/>

</Grid.RowDefinitions>

<!�� Define two columns ��>
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Figure 7.3: Automatic resize behavior

<Grid.ColumnDefinitions>
<ColumnDefinition/>
<ColumnDefinition/>

</Grid.ColumnDefinitions>

<!�� Grid content ��>

<Button Grid.Row="0" Grid.Column="0" Content="Button 1"/>
<Button Grid.Row="0" Grid.Column="1" Content="Button 2"/>
<Button Grid.Row="1" Grid.Column="0" Content="Button 3"/>
<Button Grid.Row="1" Grid.Column="1" Content="Button 4"/>

</Grid>

Scale Independent Layout
Another goal of the Silverlight layout system is that application display
remains scale independent. In particular, the word wrapping, clipping, stack-
ing, and centering of your content will all be consistent at different scales. The
Silverlight layout system speci“es positions and sizes as ”oating point values
that can scale without the error propagation associated with integer positions.
See Chapter 4, •Text,Ž for a more detailed explanation of this principle. 



Layout Elements

Silverlight includes four critical layout elements: Canvas, Border,StackPanel,
and Grid. This section describes these layout elements.

Canvas
The simplest layout element is the Canvas element discussed in Chapter 3.
The Canvas element enables you to position elements at explicitly speci“ed
positions as shown in Figure 7.4.
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Figure 7.4: Positioning content explicitly with the Canvas element

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Canvas.RenderTransform>

<TransformGroup>
<ScaleTransform ScaleX="1.5"/>
<RotateTransform A ngle="30"/>
<TranslateTransform X="100" Y="-10"/>

</TransformGroup>
</Canvas.RenderTransform>

<Ellipse 
Fill="LightGray"
Stroke="Black"
StrokeThickness="20"



Width="200" 
Height="200" 

/>
<Rectangle 

Fill="Gray"
Stroke="Black"
StrokeThickness="20"
Canvas.Left="100" 
Canvas.Top="100" 
Width="200" 
Height="200" 

/>

</Canvas>

The Canvas element has a number of limitations:

€ The Canvas element does not occupy space when contained in a
 StackPanel, Grid, or Border element. For example, a Border  element
cannot be used to automatically draw a border around a Canvas
 element.

€ The Canvas element children can be as large as they want to be, and
may not “t in its parent element.

€ The layout system never clips the contents of a Canvas element if it
exceeds the bounds of its parent element.

You should use a Canvas element when automatic sizing and positioning
is not required. For example, if you are animating positions of elements and
do not require automatic resizing, a Canvas element results in the smoothest
animation. Otherwise, if your content needs automatic sizing and positioning,
it is better to have it contained within a StackPanel, Grid, or Border element.

Border
TheBorder element surrounds the content contained within it with a border
or “lls the content area with a background brush. For example, to surround
a TextBlock element with a rectangular border as shown in Figure 7.5, set
the BorderThickness property and BorderBrush property:

<Border BorderThickness="5" BorderBrush="Black">
<TextBlock Text="HelloWorld"/>

</Border>
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Figure 7.5: Surrounding a TextBlock 

element with a border

Figure 7.6: Adding a rounded rectangle

background to a TextBlock element

To add a rounded rectangle that surrounds another element, you can set
the Background property to any brush and the CornerRadius property to
the rounded rectangle radius to achieve the result shown in Figure 7.6.

Figure 7.7: Padding a

border element

<Border Background="LightGray" CornerRadius="5">
<TextBlock Text="HelloWorld"/>

</Border>

To create extra space between the content and the border bounds, you can
set the Padding property to add size to the content as shown in Figure 7.7.

<Border 
Padding="10" 
Background="LightGray" 
CornerRadius="5" 
BorderThickness="2" 
BorderBrush="Black"

>
<Button Content="HelloWorld"/>

</Border>
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Figure 7.8: Vertical 

StackPanel example

StackPanel
You can use the StackPanel element to arrange other elements in a
 horizontal or vertical stack. For example, to stack three button elements
vertically, as shown in Figure 7.8:

Figure 7.9: Horizontal 

StackPanel example

<Canvas>
<StackPanel>
<Button Content="Button 1"/>
<Button Content="Button 2"/>
<Button Content="Button 3"/>

</StackPanel>
</Canvas>

To stack items horizontally, set the Orientation property on the
StackPanel element to get the result shown in Figure 7.9.

<Canvas>
<StackPanel Orientation="Horizontal">
<Button Content="Button 1"/>
<Button Content="Button 2"/>
<Button Content="Button 3"/>

</StackPanel>
</Canvas>



Grid
The Grid element lets you position elements in a grid pattern similar to an
HTML TA BLE element. For example, to arrange four Button elements in the
grid pattern shown in Figure 7.10:
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Figure 7.10: Grid example

1. Add a Grid element.

2. Set the RowDefinitions property to a collection consistent of two
RowDefinition objects.

3. Set the ColumnDefinitions property to a collection consistent of two
ColumnDefinition objects.

4. Set the Grid.Row and Grid.Column attached properties on the elements
contained within the Grid element.

<Canvas>
<Grid>
<!�� Define two rows ��>

<Grid.RowDefinitions>
<RowDefinition/>
<RowDefinition/>

</Grid.RowDefinitions>

<!�� Define two columns ��>

<Grid.ColumnDefinitions>
<ColumnDefinition/>
<ColumnDefinition/>

</Grid.ColumnDefinitions>

<!�� Grid content ��>

<Button Grid.Row="0" Grid.Column="0" Content="Button 1"/>
<Button Grid.Row="0" Grid.Column="1" Content="Button 2"/>
<Button Grid.Row="1" Grid.Column="0" Content="Button 3"/>
<Button Grid.Row="1" Grid.Column="1" Content="Button 4"/>

</Grid>
</Canvas>



To have a single element span multiple columns, the Grid.ColumnSpan
attached property can be set to achieve the result shown in Figure 7.11.
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Figure 7.11: ColumnSpan

example

<Canvas>
<Grid>
<!�� Define two rows ��>

<Grid.RowDefinitions>
<RowDefinition/>
<RowDefinition/>

</Grid.RowDefinitions>

<!�� Define two columns ��>

<Grid.ColumnDefinitions>
<ColumnDefinition/>
<ColumnDefinition/>

</Grid.ColumnDefinitions>

<!�� Grid content ��>

<Button 
Grid.Row="0" 
Grid.Column="0" 
Grid.ColumnSpan="2" 
Content="Button 1"

/>
<Button Grid.Row="1" Grid.Column="0" Content="Button 2"/>
<Button Grid.Row="1" Grid.Column="1" Content="Button 3"/>

</Grid>
</Canvas>

Similarly, you can have an element span multiple rows with the
Grid.RowSpan property.

In the previous examples, the Grid element is a child of a Canvas element.
In this case, the Grid arranges the layout of its children based on the size of
their content. The other useful case for the Grid element is to include it as the
root element in your application or as a child of another container such as
another Grid element or a StackPanel element. For example, if you take the
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Figure 7.12: Grid as the root element

previous Grid element example and include it as the root element in the
 application, the Gridelement results in the arrangement shown in Figure 7.12.
The Button elements now enlarge to “ll the available space.

You can specify which rows or columns size to “ll available space 
versus size tightly to content by setting the Height property on the
RowDefinition or the Width property on the ColumnDefinition elements.
Setting the Height on a RowDefinition to A uto indicates that it should size
tightly to its content bounds and setting the Height property to * indicates
that it should size to “ll all available space. For example, to generate the lay-
out shown in Figure 7.13:

Figure 7.13: Grid example with Auto and * row 

and column definitions



<Grid>
<!�� Define two rows ��>
<Grid.RowDefinitions>
<RowDefinition Height="A uto"/>
<RowDefinition Height="*"/>

</Grid.RowDefinitions>

<!�� Define two columns ��>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="A uto"/>
<ColumnDefinition Width="*"/>

</Grid.ColumnDefinitions>

<Button Grid.Row="0" Grid.Column="0" Content="Button 1"/>
<Button Grid.Row="0" Grid.Column="1" Content="Button 2"/>
<Button Grid.Row="1" Grid.Column="0" Content="Button 3"/>
<Button Grid.Row="1" Grid.Column="1" Content="Button 4"/>

</Grid>

If you set the columns or rows Width property to "*", the Grid element
allocates equal space as shown in Figure 7.12. To allocate more space
for one column or row, you can prefix the "*" with a multiplier. For
 example, setting the Width property to "2*" indicates that a column or
row should take twice the default size of the other columns as shown in
Figure 7.14.

For the elements that do not increase size to “ll available space, such as
a TextBlock element with speci“c text, set the HorizontalA lignment and
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Figure 7.14: Grid example 2* row and column definitions



VerticalA lignment properties to control how Silverlight positions them
within their container. For example, to center a TextBlock in one cell of a
Grid as shown in Figure 7.15:
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Figure 7.15: HorizontalAlignment and

VerticalAlignment example

<Grid>

<!�� Define two rows ��>
<Grid.RowDefinitions>
<RowDefinition Height="2*"/>
<RowDefinition Height="*"/>

</Grid.RowDefinitions>

<!�� Define two columns ��>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="2*"/>
<ColumnDefinition Width="*"/>

</Grid.ColumnDefinitions>

<TextBlock 
HorizontalA lignment="Center" 
VerticalA lignment="Center" 
Text="Hello World"

/>
<Button Grid.Row="0" Grid.Column="1" Content="Button 1"/>
<Button Grid.Row="1" Grid.Column="0" Content="Button 2"/>
<Button Grid.Row="1" Grid.Column="1" Content="Button 3"/>

</Grid>



In addition to modifying the default alignment, you can also change the
minimum and maximum widths and heights of an element by setting the
MinWidth, MinHeight, MaxWidth, and MaxHeight properties. In the general
case, it may not be possible for the Grid element to “t all the content in the
Grid element cells using the available constraints. For example, if you set
the MinWidth to a size larger than the display area of the Silverlight 
plug-in, there is no possible arrangement that meets that request. In this 
situation, Silverlight clips your layout to the size available for it.

Layout Rounding
In Chapter 3, you learned that positioning graphics elements at integer
positions makes images sharper and avoids seams between adjacent graph-
ics elements. For example, two Rectangle elements positioned at half a
pixel offset generates the result shown in Figure 7.16.
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Figure 7.16: Anti-aliasing seam example

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Rectangle 

Fill="Black"
Width="100.5" 
Height="100.5" 

/>
<Rectangle 

Fill="Black"
Canvas.Left="100.5" 



Width="100.5" 
Height="100.5" 

/>
</Canvas>

Furthermore, you learned that snapping Rectangle elements to integer
positions removes these seams as shown in Figure 7.17.
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Figure 7.17: Pixel snapped rasterization

<Canvas xmlns="http://schemas.microsoft.com/client/2007">
<Rectangle 

Fill="Black"
Width="100" 
Height="100" 

/>
<Rectangle 

Fill="Black"
Canvas.Left="100" 
Width="100" 
Height="100" 

/>
</Canvas>

The problem introduced with an automatic layout system is that you no
longer determine the sizes and positions of elements in your code. For
example, if a StackPanel element contains elements that have non-integer
widths and heights (which is common with text), some backgrounds,
shapes, and images may be positioned at non-integer positions and might
generate either seams or blurry images.

To solve the seaming problem and produce sharper images, the 
Silverlight layout system automatically rounds sizes of elements up to
the nearest integer value so that widths and positions typically remain



 integers. You can turn off automatic layout rounding by setting the 
UseLayoutRounding property on a UIElement to "False".

Building a Custom Layout
In some cases, you may want different layout behavior than the built-in
layout elements provided by Silverlight. For example, suppose you want
an element that can stack elements horizontally until they no longer “t,
and then wrap the next elements into further horizontal stacks in new
rows as shown in Figure 7.18.
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Figure 7.18: WrapPanel example

<Grid>
<Grid.RowDefinitions>
<RowDefinition Height="A uto"/>

</Grid.RowDefinitions>

<app:WrapPanel>
<Button Content="Button 1"/>
<Button Content="Button 2"/>
<Button Content="Button 3"/>
<Button Content="Button 4"/>
<Button Content="Button 5"/>
<Button Content="Button 6"/>
<Button Content="Button 7"/>

</app:WrapPanel>

</Grid>

This type of layout is a WrapPanel element and is not in the Silverlight
3 installation. For these custom layout behaviors, you can write a custom 
layout element.

The layout algorithm is a two-step process involving a measure pass
and an arrange pass. The measure pass asks each element how large it
would like to be. The arrange pass tells each element where to position
itself and its “nal available size. If an element wants to be larger than the



area available, it is up to each layout element to determine the new size and
position of its child elements.

To implement your own layout, you must

1. Create a class for your layout that inherits from a Panel derived class.

2. Override the MeasureOverride method with an implementation that
walks the child elements and determines the desired size of your
layout element container. For example, with the WrapPanel layout,
you want to return the width and height after wrapping. 

3. Override the A rrangeOverride method with an implementation that
positions child elements based on the “nal size available.

In the MeasureOverridemethod, it is often useful to measure a child with
in“nite available space to determine how big the child would like to be. 

An example implementation of the WrapPanel class that produces the
result shown in Figure 7.18 is

namespace WrapPanelExample
{
public class WrapPanel : Panel
{
//
// MeasureOverride implementation
//

protected override Size MeasureOverride(Size availableSize)
{
Size panelSize = new Size();
Size childMeasure = new Size();

//
// Keep track of the height and width of the current row
//

double currentRowWidth = 0;
double currentRowHeight = 0;

//
// Measure children to determine their natural size
// by calling Measure with size PositiveInfinity
//
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childMeasure.Width = Double.PositiveInfinity;
childMeasure.Height = Double.PositiveInfinity;

foreach (UIElement child in Children)
{
//
// Measure the child to determine its size
//

child.Measure(childMeasure);

//
// If the current child is too big to fit on the 
// current row, start a new row
//

if (child.DesiredSize.Width 
+ currentRowWidth > availableSize.Width)

{
panelSize.Width = Math.Max(
panelSize.Width, 
currentRowWidth

);
panelSize.Height += currentRowHeight;

currentRowWidth = 0;
currentRowHeight = 0;

}

//
// A dvance the row width by the child width
//

currentRowWidth += child.DesiredSize.Width;

//
// Set the height to the max of the child size and the
// current row height
//

currentRowHeight = Math.Max(
currentRowHeight,
child.DesiredSize.Height
);

}

//
// Update panel size to account for the new row
//
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panelSize.Width = Math.Max(panelSize.Width, currentRowWidth);
panelSize.Height += currentRowHeight;

return panelSize;
}

//
// A rrangeOverride implementation
//

protected override Size A rrangeOverride(Size finalSize)
{
//
// Keep track of the position of the current row
//

double currentRowX = 0;
double currentRowY = 0;
double currentRowHeight = 0;

foreach (UIElement child in Children)
{
Size childFinalSize = new Size();

// If the current child is too big to fit on the 
// current row, start a new row

if (child.DesiredSize.Width + currentRowX > finalSize.Width)
{
currentRowY += currentRowHeight;
currentRowHeight = 0;

currentRowX = 0;
}

// Set the height to be the maximum of the child size and the
// current row height

currentRowHeight = Math.Max(
currentRowHeight,
child.DesiredSize.Height
);

//
// Set the child to its desired size
//

childFinalSize.Width = child.DesiredSize.Width;
childFinalSize.Height = child.DesiredSize.Height;
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//
// A rrange the child elements
//

Rect childRect = new Rect(
currentRowX,
currentRowY,
childFinalSize.Width, 
childFinalSize.Height
);

child.A rrange(childRect);

//
// Update the current row position
//

currentRowX += childFinalSize.Width;
}

return finalSize;
}  

}
}

You do not need to implement the MeasureOverrideand A rrangeOverride
methods for a custom element in all cases. If a custom element derives
from the Control element or the UserControl element, the base class
MeasureOverrideand A rrangeOverride implementation automatically meas-
ures all the children and arranges them. Typically, a custom element such as
a Button element only has one child that is another layout element such as a
Grid, StackPanel, or Border element. However, if an element inherits from a
Panel element, the base class MeasureOverride and A rrangeOverride meth-
ods do not automatically measure or arrange its children. 

Layout Events
Two events indicate an element has changed size: the SizeChanged event
and the LayoutUpdated event. The SizeChanged event indicates that the
current element has changed layout size„for example, in the case that its
container or content has changed size. The LayoutUpdated event indicates
that some layout element in the application has changed size, and not 
necessarily the element listening to the event.

Layout Elements 173



If you are making decisions local to your element, you should always use
the SizeChanged event. For example, suppose you have a Button element
with both an icon and caption text. To show the caption only if the Button
element is large enough to show the text, modify the button contents in the
SizeChanged event handler based on the new size of the Button element.
If you use the LayoutUpdated event instead, Silverlight calls the event 
handler even if the current button has not changed size.

Under the Hood

This section discusses how the Silverlight layout system works •under the
hood.Ž

The Layout Algorithm
As discussed in previous sections, layout elements are responsible for
implementing MeasureOverride and A rrangeOverride methods to return
layout size and position information. The layout system is responsible for
walking the element tree when required and calling MeasureOverride and
A rrangeOverride.

If a layout element is added to the tree or a layout affecting property such
as the element Width is changed, that element is marked as needing either
a measure pass, an arrange pass, or both. After a set of layout elements are
marked for measure or arrange, the layout system walks the sub-tree con-
taining those elements (and other elements that would be affected by the
layout changes) to call MeasureOverride and A rrangeOverride. Silverlight
does not do this walk immediately, but defers it until the next frame. The
layout system caches the layout information for each layout element that it
uses when possible, and the layout system stops walking the sub-tree at
nodes with valid cached layout information.
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PERFORMANCE TIP
Changing properties affecting layout in the SizeChanged handler
causes the layout system to run again on affected elements. You should
only use a SizeChanged handler when it is not possible to express the
layout behavior with the built-in layout elements.
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PERFORMANCE TIP
Recreating elements or adding new elements to the element tree requires
the layout system to call MeasureOverride and A rrangeOverride again
for those elements. If possible, you should keep elements in the tree
instead of removing and re-adding elements.

The following are the steps the layout system takes:

1. Just before a frame is rendering, check if there are elements that
require a measure or an arrange pass.

2. Walk elements that require a measure call and call
MeasureOverride.

3. If those layout elements call Measure on their children, use cached
layout information if possible. If cached information is no longer
applicable, call MeasureOverride.

4. If the UseLayoutRounding property is set to "True", round all sizes to
integer values. 

5. Walk elements that require an arrange pass, and call A rrangeOverride
on those elements.

6. Fire SizeChanged events.

7. If there are elements that still require a measure pass or an arrange
pass, go to step 2. If the layout process fails to terminate after 250
passes, the layout system stops all iteration.

8. Fire LayoutUpdated events.

9. If there are elements that still require a measure pass or an arrange
pass, go to step 2. If the layout process fails to terminate after 250
passes, the layout system stops all iteration.

When you change layout properties such as the Width and Height prop-
erties of an element, the layout system does not run until the next frame
needs to be redrawn. This asynchronous nature of layout changes means
that multiple layout changes to the same element only require layout to
run once before they are displayed.



The Canvas element is treated specially, and does not iterate its children
during a measure pass or an arrange pass if they are only Shape derived ele-
ments. If layout containers are present in a Canvas element, the layout system
walks those elements.
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PERFORMANCE TIP
For scenarios that require a larger number of shapes contained within
aCanvas, avoid placing other layout affecting elements in that Canvas.
This usage prevents the layout system from walking those graphics
elements.

PERFORMANCE TIP
Setting a property that invalidates layout causes the layout system to
run again. If you invalidate layout properties during layout events, it
is possible for the layout system to iterate several times during a single
frame. You should minimize changing layout affecting properties from
a layout event.

PERFORMANCE TIP
Reading element.A ctualWidth and element.A ctualHeight properties
immediately after changing layout properties may cause the layout
system to run more times than required. It is better to query and use
these sizes in the SizeChanged event where cached layout information
is available.

Where Are We?

This chapter discussed the following:

€ The Silverlight layout design principles

€ How to use the Canvas, StackPanel, Grid, and Border elements

€ How to build custom layout elements



8 
Media

T O C R E AT E A rich media application, you need to play high quality
content sources, visually integrate with your application display, and

deliver full screen experiences. Silverlight supports HD quality Windows
Media Video (WMV) and H264 video with a variety of different content
delivery methods including progressive download, live broadcast stream-
ing, and adaptive bit-rate streaming. 

To integrate video with your application, you need to create a set of player
controls that “t seamlessly with your design. You may need to integrate infor-
mation about the video content in the application itself. For example, if you are
watching a sporting event, you may want to see a summary of the highlights or
view related statistics. To integrate additional information, you need to use
media meta-data in the video synchronized with some event in your application.

One other consideration when delivering media is providing full screen
experiences. Full screen is often challenging because it requires seamless
transition from the browser and needs to be high performance.

This chapter describes how you can play media “les, how you can 
integrate media with your application, and how you can deliver full screen
experiences. In particular, this chapter discusses the following:

€ The Silverlight media design principles 

€ How to use media elements in your application

€ How the media system works •under the hoodŽ
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Media Principles

The design goals of Silverlight media include the following:

€ Integration of media with other application content

€ Support for a variety of content delivery methods

€ High quality video

€ Making full screen experiences possible

€ Providing the tools to build professional media experiences 

€ Seamless adaptation to client machine network and CPU capabilities
to optimize the quality of video playback

Integrate Media 
At the most basic level, you need the ability to place a media element in
your application with player controls you create that match your Web site
design. A key design principle for Silverlight video is that you can integrate
video with the rest of your application as seamlessly as an image or image
brush integrates with your application. For example, video can have 
controls alpha blend on top, participate in layout, “ll arbitrary shapes, draw
with partial opacity, scroll with your content, have HTML content drawn
on top, and so on. 

Another key developer problem is connecting events in the video with
actions in your application. For example, you may want to display closed
captioning information that would need to synchronize points in time in
the video with some closed captioning text display. You may also want to
provide background information or links at particular points in your video. 

Deliver Content
The three problems developers have delivering video are the availability of
high quality formats, streaming from a Web server to a client machine 
without excessive delays, and varying the quality of the video based on the
network and CPU capabilities of the target machine.

Silverlight 3 supports playing a number of content formats:

€ Windows Media Video (WMV) with a VC1 based decoder 

€ MPEG4 with a H264 based decoder (new in Silverlight 3)
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€ Microsoft Advanced Streaming Redirector (ASX) “les that specify a
playlist of other media “les to play

€ PlayReady Digital Rights Management (DRM) content

€ Windows Media Audio (WMA)

€ Advanced Audio Coding (AAC) audio (new in Silverlight 3)

€ MPEG-1 Audio Layer 3 (MP3)

To deliver video, you can configure your server to

€ Provide a progressive download stream. In this mode, Silverlight
downloads the video using the Web browser, as it would download
an image “le.

€ Broadcast a live stream with Windows Media servers.

€ Deliver a server-side playlist referencing multiple media “les or use
a client-side playlist. 

€ Receive logging events from the client to get statistics on playback.

You can also provide your own custom delivery method for uses such as
adaptive bit-rate streaming. Without adaptive bit-rate streaming, if the
client machine has a slow network connection or a slow CPU, it may be
incapable of playing the highest quality video content. If you try to deliver
a high quality video on a slow network connection, you may alternate
between long buffer times and short playback durations. What adaptive
bit-rate streaming accomplishes is a fast video startup and continuous play-
back, but varies the video image quality with the network connection and
CPU load on the client machine. This approach eliminates interrupts in the
viewing experience and the quality is the best the client machine can
accomplish.

Deliver Full Screen Experiences
For longer videos, you may want to provide your end users the capability
to go full screen. Generally, if you go full screen, the content displayed is
different from the content you have in the Web browser. However, when
recreating that content, it is desirable to have an instant transition from
your Web browser to full screen. In particular, you do not want the video
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to start again at the beginning, or to experience any delays while the video
buffers, or any other experience that disrupts the continuity of viewing the
video.

You can provide a seamless transition to full screen mode by using a
VideoBrush to display MediaElement element contents in some other 
location. This chapter discusses this usage in a later section.

Generate Players with Expression Media Encoder
The Silverlight media elements do not have player controls and it is your
responsibility to implement these and integrate them into your 
application. For your convenience, tools such as Expression Media Encoder
can generate default player controls that you can use as a starting point to
integrate video in your application. Expression Media Encoder can also
enable you to edit meta-data in the video, encode the video, build an 
adaptive bit-rate streaming player, and a number of other features that
make delivering your video easier.

Media Elements

This section introduces the MediaElement and VideoBrush elements that
you can use for hosting media in your application. This section also shows
you how to deliver full screen video and use event markers.

Play a Video
To play a video as shown in Figure 8.1, add a MediaElement element with
the source set to the path of your media file:

<UserControl x:Class="MediaExample.Page"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>

<MediaElement Source="silverlight.wmv"/>

</UserControl>

In the previous example, there was no Width property and no Height
property set on the MediaElement element. In this case, Silverlight sizes the
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MediaElement element to the native video resolution. To resize the 
MediaElement to some different size, set the Width and Height properties.
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Figure 8.1: MediaElement example

PERFORMANCE TIP
Stretching a video with the Width and Height property is slower than
displaying the video at its default resolution. For best performance,
use the MediaElement element without the Width and Height proper-
ties set and display it at an integer position without any scale or 
rotation transforms applied. The same performance tips in Chapter 3,
•Graphics,Ž for drawing an image apply to drawing a video. 

In Silverlight 3, you can also use graphics processing unit (GPU) 
acceleration to stretch the video as described in Chapter 12, •GPU
Acceleration.Ž

PERFORMANCE TIP
Any content you place on top of the video element redraws constantly
while the video element is playing. For example, if you have a lot of
text over the video, that text continually redraws and slows down the
playback of your video. You should only have simple content over a
video, such as small player controls or a progress indicator, for best
performance.

With GPU acceleration, you can also solve this problem as described in
Chapter 12.



By default, the video begins playing automatically as soon as it is
loaded. To create the video in a stopped state, set the A utoPlay property
to False.

If you want to set the Source property to a video on an HTTP server, you
must also reference your XAP from an http:// location. In particular, you can
play Silverlight videos from another domain, but the base URI of your 
application must have the same protocol as the URI of your video. If you are
testing from a local “le system path, you can specify a relative path as shown
in the previous example. 

The Source property can refer to the path of any of the following:

€ Windows Media Video (WMV) with a VC1 based decoder 

€ MPEG4 with a H264 based decoder (new in Silverlight 3)

€ Microsoft Advanced Streaming Redirector (ASX) “les that specify a

playlist of other media “les to play

€ PlayReady Digital Rights Management (DRM) content

€ Windows Media Audio (WMA)

€ Advanced Audio Coding (AAC) audio (new in Silverlight 3)

€ MPEG-1 Audio Layer 3 (MP3)

With an ASX file, you can specify a sequence of files to play with your
media element. For example, you can specify

<A SX Version="3">
<TITLE>Basic Playlist</TITLE>

<ENTRY>
<REF href="commercial.wmv"/>
<STA RTTIME Value="0:0:10" />
<DURA TION Value="0:0:15" />

</ENTRY>

<ENTRY>
<REF href="silverlight.wmv"/>
<DURA TION Value="0:0:10"/>

</ENTRY>

</A SX>
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In this example, the MediaElement element starts 10 seconds into 
commercial.wmv and plays that video “rst. The second entry is the main
video that plays for 10 seconds. For more information on ASX, see
http://msdn.microsoft.com. 

Making Player Controls
So far, the example in Figure 8.1 did not provide controls for the user to
pause, start, stop, or seek a video. Suppose you want to add simple controls
as shown in Figure 8.2.
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Figure 8.2: Media with player controls

You can define some user interface controls in your XAML:

<UserControl x:Class="MediaExample.Page"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>
<StackPanel>
<MediaElement 
x:Name="myMediaElement" 
Source="silverlight.wmv"
Width="200"
Height="200"
/>

<StackPanel Orientation="Horizontal">
<Button Width="100" Content="Play" Click="OnPlay"/>
<Button Width="100" Content="Pause" Click="OnPause"/>
<Button Width="100" Content="Stop" Click="OnStop"/>

</StackPanel>
</StackPanel>

</UserControl>

http://msdn.microsoft.com


The next step is to delegate these actions to the MediaElement in the
event handlers:

namespace MediaExample
{
public partial class Page : UserControl
{
public Page()
{
InitializeComponent();

}

private void OnPlay(object sender, RoutedEventA rgs e)
{
this.myMediaElement.Play();

}

private void OnPause(object sender, RoutedEventA rgs e)
{
this.myMediaElement.Pause();

}

private void OnStop(object sender, RoutedEventA rgs e)
{
this.myMediaElement.Stop();

}

}
}

The Stop operation is the same as calling the Pause operation and then 
setting the position to be the start of the media “le.

This media player has a number of problems. First, it enables all actions
even if the action is not valid. For example, if you are watching ASX content
that does not allow the pause operation, this simple player still enables the
pause button. Silverlight does not allow the pause button to function in this
case, but you should provide some visual indication that a pause operation
is not valid. Second, there is no feedback to the user about actions that
could take a long time such as buffering, acquiring a DRM license, or any
other long duration actions. To address both these problems, you can hook
up to the CurrentStateChanged event and show the current state has
changed to •playingŽ and the playing button has been disabled as shown
in Figure 8.3.
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You can modify your XAML to add the status “eld and name your 
controls:

<UserControl x:Class="MediaExample.Page"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>
<StackPanel>
<MediaElement 
x:Name="myMediaElement" 
Source="silverlight.wmv"
Width="200"
Height="200"
/>

<TextBlock x:Name="myStatus"/>

<StackPanel Orientation="Horizontal">
<Button 
x:Name="myPlayButton" 
Width="100" 
Content="Play" 
Click="OnPlay"

/>

<Button 
x:Name="myPauseButton" 
Width="100" 
Content="Pause" 
Click="OnPause"

/>

<Button 
x:Name="myStopButton" 
Width="100" 
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Figure 8.3: Media with player controls with a

status indicator



Content="Stop" 
Click="OnStop"

/>
</StackPanel>

</StackPanel>
</UserControl>

You can then connect your CurrentStateChanged handler to update the 
status text and enable the button:

public Page()
{
InitializeComponent();

this.myMediaElement.CurrentStateChanged 
+= new RoutedEventHandler(OnCurrentStateChanged);

}

void OnCurrentStateChanged(object sender, RoutedEventA rgs e)
{
bool isPlaying = 
(this.myMediaElement.CurrentState == MediaElementState.Playing);

//
// Update buttons for playing and paused state
//

this.myPauseButton.IsEnabled = 
isPlaying && this.myMediaElement.CanPause;

this.myPlayButton.IsEnabled = !isPlaying;

//
// Set a status indicator
//

this.myStatus.Text = this.myMediaElement.CurrentState.ToString();

}

The application now displays a status message when it is acquiring a
DRM message, buffering, playing, or it is paused or stopped.

Another common interface is a seek bar that enables the user to see play
progress (or download progress) and changes the position in the video by
clicking at some other position on the seek bar. This is not as trivial an 
element to build as the rest of the controls, but the key to constructing 
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such an object to is to create a timer that polls at some time interval (can be
each frame) and reads the MediaElement.Position property to display 
the position in the video. You can also change the play position by setting
the MediaElement.Position during a seek gesture. You can display 
download and buffering progress using the information in the 
MediaElement.DownloadProgress and MediaElement.BufferingProgress
properties. You can either listen to these events speci“cally with the 
DownloadProgressChanged event or BufferingProgressChanged event, or
simply query them from the callback you use to update display progress.

To get a default version of all these player controls, you can use the
Expression Media Encoder to generate a baseline set of controls that you
can modify for use in your application.

Video Effects and Transitions
VideoBrush lets you use video anywhere you would use an ImageBrush.
This feature can let you display different parts of the same video for artis-
tic effects such as Cory Newton-Smith•s video puzzle game (see Figure 8.4).
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Figure 8.4: Cory Newton-Smith�s video puzzle example



In Cory•s game, you can scramble the pieces and move them independently
to play a classic jigsaw puzzle game. However, unlike classic jigsaws, each
puzzle piece is playing a part of the same video. In this example, each piece
is a separate shape with a video brush pointing to the same underlying 
element, but with different brush transforms on the video brushes to show
a different part of the video in each puzzle piece. 

The other common use of a video brush is to connect to an existing
media element and continue playing while your application content
changes. For example, if you would like to go full screen without chang-
ing the state of a video, you can connect a VideoBrush to an existing
MediaElement and use that in a new element.

To use a VideoBrush, simply use it anywhere you would use a brush and
set the SourceName property to the name of the MediaElement you would
like to use:

<MediaElement 
x:Name="myMediaElement" 
Source="silverlight.wmv"
Width="200"
Height="200"
/>

<Rectangle 
Width="200"
Height="200"

>
<Rectangle.Fill>
<VideoBrush SourceName="myMediaElement"/>

</Rectangle.Fill>
</Rectangle>

Full Screen
Full screen is not a video specific feature; you can use full screen for any
application experience. However, for security reasons, input is limited in
full screen to mouse operations and only a few selected key strokes. In
addition, you may only enter full screen mode from a user-initiated action
such as a mouse click. 
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To add full screen capability to your video player, you can add an event
handler to some element click hander or mouse button handler and set the
full screen property on the Silverlight plug-in:

private void OnFullScreen(object sender, RoutedEventA rgs e)
{
A pplication.Current.Host.Content.IsFullScreen = true;

}

You may also want to switch to alternate content when going to full
screen to hide unnecessary content. To ensure that your video player state
is unaffected and that video does not pause during this transition, you
can either make sure you do not recreate the MediaElement or use the
VideoBrush discussed in the previous section.

Connecting Video Markers to Application Display
To connect events in your video to actions in your application, you can place
markers in your video using Expression Media Encoder. A marker in a video
is text-based data that you can use for any purpose that is associated with a
particular time in the video. To receive these events in your application,
attach an event handler to the MediaElement.MarkerReached event. For
example, if you want to display closed captioning information in your appli-
cation, you can add a TextBlock element for the close captioned text:

<TextBlock x:Name="myCaptionBar"/>
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PERFORMANCE TIP
Full screen video can be slow on some machines. Test full screen 
experiences on your target machines. If video is not keeping up on
lower end machines, consider drawing at a smaller size in full screen
mode or offering a lower bit-rate video at full screen resolutions to
reduce decode time.

You can also use GPU acceleration discussed in Chapter 12 for faster
full screen video.



In the MarkerReached event handler, you can set the TextBlock contents
to the contents of the video event marker:

public void OnMarkerReached(
object sender, 
TimelineMarkerRoutedEventA rgs e
)

{
if (e.Marker.Type == "Caption")
{
myCaptionBar.Text = e.Marker.Text;

}
}

Under the Hood

Although you can play a video by simply using a MediaElement, playing a
video is one of the most computational expensive operations your applica-
tion can do. There is a lot that Silverlight does •under the hoodŽ to play
your video. This section describes that process and the implications of that
process for your application.

There are two internal components in Silverlight for playing a video: a
source and a player. The source is a component responsible for download-
ing the data and having it ready for the player when it asks. The player is
the component that asks for the data, decodes it, displays the video, and
plays the audio.

The Source
When you set the Source property of a MediaElement, Silverlight decides
what kind of source you have and creates an appropriate source object. 
For example, if your path starts with mms://, Silverlight assumes that your
source is a streaming source from a Windows Media Server. If the source
property points to a simple WMV “le, a MPEG4 “le, or an audio “le, 
Silverlight assumes that you have a progressive download source in your
application.

In all cases, Silverlight creates an object that is responsible for 
retrieving that data and having it available for the player when it asks. 
In the progressive download scenario, this is simply a view of the data 
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downloaded in the browser cache. The browser downloads the video as
fast as it can, and Silverlight can start playing as soon as there is suf“cient
data. In particular, there is no need to wait for the entire video to download. 
Silverlight can play as the video is downloading.

In the case of Windows Media Server broadcast streaming, the process
is more involved. One of the advantages of using a Windows Media Server
stream is that you can save network bandwidth by not downloading extra
data beyond what the user is viewing. For example, if the viewer views the
“rst 20 seconds of the video and navigates away, you want to only pay for
that “rst 20 seconds of bandwidth (or maybe a little more) instead of 
paying for the 4 minutes that could have downloaded with a progressive
download stream. To accomplish this goal, the streaming source maintains
a buffer that the player can read from while the server provides more data
to the buffer at a speed similar to video playback. If the video is stopped or
a seek operation occurs, commands are sent to the server to indicate that
new data should be sent to the client.

Alternatively, if the data in your source is in ASX format, Silverlight
translates it to conceptually creating a set of sources that Silverlight will
play one after the other. Because it takes time to start a new connection, 
Silverlight starts the connection before Silverlight completes playing the
current source. This process is called pre-rolling a video.

The Player
The player object in Silverlight is the internal component that is responsible
for asking for data from the source, decoding it, and giving audio samples to
the Silverlight audio engine and video samples to the Silverlight rendering
engine. Video samples are conceptually identical to an Image element
(except of course they change) and VideoBrush is conceptually identical to
an ImageBrush.

The steps the player takes are

1. When a MediaElement has a source set, it creates a thread for 
decoding the data. 

2. All other requests for data to be decoded come from the rendering
system when it needs to display a new frame or from the audio 
system when it has room in its buffer to receive more data.
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3. The requests from step #2 go through a WMV parser (or MPEG4
parser for H264) that reads the raw data from the source and splits
the audio data from the video data.

4. The split data from step #3 goes to either a video decoder or an
audio decoder based on the type of the data.

5. When the player receives an audio sample, it sends that sample to
an audio playback device. If the audio playback buffer is full, the
player stops requesting new audio samples until there is space for
them in the audio buffer.

6. When the player receives a video sample, it checks the current 
time as indicated by the audio clock. If the sample is in the future,
Silverlight waits for that point in time before displaying the new
sample. If the sample is in the far past, Silverlight may start 
dropping video samples to catch up to the current audio time. 
To ensure smoother display, Silverlight requests multiple samples
simultaneously to amortize the time between expensive-to-decode
key frames in the video with cheaper-to-decode incremental
frames in the video. Having multiple samples available makes it
possible to drop the out-of-date samples to catch up with the 
current audio time.

7. Silverlight repeats steps 2…6 while the video plays. 
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PERFORMANCE TIP
Silverlight video plays significantly better on multi-core machines
because decoding happens on a separate core and the rendering sys-
tem takes advantage of multi-core as discussed in Chapter 3. If your
target audience has single core machines, you should test on single
core machines, as they will have different playback characteristics. If
video playback is incapable of keeping up on slower machines, you
can either use a lower bit-rate video or display the video at a smaller
size for those machines.



Where Are We?

This chapter discussed the following:

€ The Silverlight media design principles 

€ How to use media elements in your application

€ How the media system works •under the hoodŽ
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PERFORMANCE TIP
If audio is no longer synchronized with video display on a slow
machine, that machine is too slow to keep up with video decode. For
those machines, use a lower bit-rate video to fix this synchronization
problem. In the extreme case, if the decoder simply cannot keep up,
frames are dropped and only displayed at 1 frame per second. In this
case, use a lower bit-rate video.
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9 
Controls

T O B U I L D Y O U R application user interface, you can use the built-in
 Silverlight controls such as a button, list box, and text box. If you want

to customize the appearance of a built-in control, you need to understand
the Silverlight control model.

Chapter 2, •Applications,Ž described how to build a control by  deriving
from the UserControl class. You can also separate your code from your
XAML “le that contains your art assets. However, if you want someone else
to change the appearance of your control, you would need to

€ Specify some way for the user to change the XAML, which could be
as simple as providing a property on your class.

€ De“ne some protocol for the elements that cannot change so that the
code is still functional when the XAML is changed. For example,
 certain named elements in your XAML need to be present for the
control to function properly.

€ De“ne some protocol for how someone can add a transition
 animation. For example, you could de“ne a naming convention with
a set of storyboard objects or some other mechanism.

The purpose of the Silverlight control model is to solve these problems.
 Silverlight introduces a Control base class and VisualStateManager class to
provide a standard way to replace the XAML, declare the control states, and
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de“ne transition animations in your control. This model is the mechanism 
you use to customize the Silverlight built-in controls. You can also use
these classes to build your own controls that others can customize in a
 standard way.

Control Principles

The design goals of Silverlight controls include the following:

€ Provide enough built-in controls and toolkit controls so that you can
easily build your application user interface.

€ Provide a mechanism for you to build controls that are as customiz-
able as the built-in controls.

€ Provide a standard way to customize the appearance of a control.

€ De“ne a standard protocol that tools such as Expression Blend can use
to customize control appearance without any need to change code.

Built-In Controls
Silverlight provides the standard set of controls that you would be  familiar
with from HTML as shown in Figure 9.1.
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Figure 9.1: Sample Silverlight built-in controls

€ Button

€ CheckBox

€ ComboBox

€ HyperlinkButton

€ ListBox

€ PasswordBox

€ ProgressBar



€ RadioButton

€ ScrollViewer

€ Slider

€ TextBox

€ ToolTip

In addition to the built-in controls, you can “nd additional controls in
the Silverlight toolkit available at http://www.codeplex.com/Silverlight.
The Silverlight runtime installer installs the built-in controls, but toolkit
controls are included with your application and downloaded each time
your application is loaded. The toolkit includes additional general-purpose
controls, charting controls, navigation controls, and data controls that you
can use in your application. The toolkit comes with source code that you
can modify or study to learn the best practices for creating controls. You can
see examples of Silverlight toolkit controls in Figure 9.2.

Control Principles 197

Figure 9.2: Example Silverlight toolkit controls

http://www.codeplex.com/Silverlight


Custom Controls
In addition to built-in controls and toolkit controls, you can make your own
custom controls. The toolkit controls use the public Silverlight API with no
internal hooks, and there is nothing preventing you from building controls
that behave the same.

Some of the built-in controls have better performance than a custom
control by using Silverlight internals directly and bypassing some of the
API objects. Other than performance characteristics, you can build controls
with the same functional behavior as the built-in controls.

Customization
If you use a built-in control or a custom control, you would like to be able
to customize the appearance of the control without changing any lines of
code. Silverlight controls have an XAML-based template that you can
replace to change the appearance of a control. For example, Figure 9.3
shows two different custom appearances for a bar graph  control. 

All the built-in controls and controls you build with the model described
in this chapter can be loaded into Expression Blend and customized
 without changing any lines of code.
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Figure 9.3: Theming a bar graph control

Control Elements

In this section, you learn how to customize a Silverlight control and make
your own customizable control.
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ContentControl and ItemsControl
If you understand how the ContentControl element and the ItemsControl
element work, you understand how all controls work in Silverlight. 
The ContentControl element has a Content property and a Template prop-
erty. The Content property speci“es the content that is unique to each
instance of a control, whereas the Template property speci“es the common
appearance for all your instances. For example, each instance of a button
element usually has different content text or images or content elements,
but all button elements in your application typically share the same graph-
ical appearance. The ItemsControl element extends this concept to lists.
For example, if you would like to implement a ListBox element, you need
the additional concept of the list container, the content for each item, and
the appearance of each item.

To use a ContentControl element, you can set the Content property to
specify the logical content and the Template property to specify the appear-
ance to get the result shown in Figure 9.4.

Figure 9.4: Using a ContentControl

element 

<ContentControl> 

<!�� Set the content ��>

<ContentControl.Content>
<TextBox Text="Hello World" />

</ContentControl.Content>

<!�� Set the template to define the appearance ��>

<ContentControl.Template>
<ControlTemplate>
<Border 
BorderThickness="5" 
BorderBrush="DarkGray" 
CornerRadius="2"

>

<!��
Include the ControlControl.Content here 



with a TemplateBinding
��>

<ContentPresenter Content="{TemplateBinding Content}"/>

</Border>
</ControlTemplate>

</ContentControl.Template>
</ContentControl>

The previous example uses a ContentPresenter element to insert the 
ContentControl element contents into the control template. If you want to
modify the appearance of the content, you can replace the template with
some other appearance. For example, you can apply a 3D perspective
 transform to the same content as shown in Figure 9.5.
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Figure 9.5: Using a ContentControl

3D template

<ContentControl> 

<!�� Set the content ��>

<ContentControl.Content>
<TextBox Text="Hello World" />

</ContentControl.Content>

<!�� Set the content template to define the appearance ��>

<ContentControl.Template>
<ControlTemplate>

<Border 
BorderThickness="5" 
BorderBrush="DarkGray" 
CornerRadius="2"

>
<Border.Projection>
<PlaneProjection RotationY="-70" CenterOfRotationY="50" />



</Border.Projection>

<!�� Include the content here ��>
<ContentPresenter Content="{TemplateBinding Content}"/>

</Border>

</ControlTemplate>
</ContentControl.Template>

</ContentControl>

The ItemsControl element is the base class that you can use to
 customize a list control. For example, to get the result shown in Figure 9.6,
you do the following:
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Figure 9.6: ItemsControl

sample

<ItemsControl xmlns:sys="clr-namespace:System;assembly=mscorlib">

<!�� Set the list contents ��>
<ItemsControl.Items>
<sys:String>Item 1</sys:String>
<sys:String>Item 2</sys:String>
<sys:String>Item 3</sys:String>
<sys:String>Item 4</sys:String>

</ItemsControl.Items>

<!�� Set the template of the ItemsControl ��>
<ItemsControl.Template>
<ControlTemplate>
<ItemsPresenter/>

</ControlTemplate>
</ItemsControl.Template>



<!�� Set the container type used for the ItemsPresenter ��>
<ItemsControl.ItemsPanel>
<ItemsPanelTemplate>
<StackPanel/>

</ItemsPanelTemplate>
</ItemsControl.ItemsPanel>

<!�� Set a template for each item ��>
<ItemsControl.ItemTemplate>
<DataTemplate>
<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="{Binding}"/>

</Border>
</DataTemplate>

</ItemsControl.ItemTemplate>

</ItemsControl>

In this example, the Items collection is like the ContentControl.Content
property except that it speci“es the content as a list instead of a single item.
TheTemplate property is also the same as the content control template except
that you use an ItemsPresenter element instead of a ContentPresenter ele-
ment. The ItemsPanelelement speci“es the layout container for the list. In this
case, the ItemsPanel element is a vertical stack panel, but it can just as easily
be a horizontal stack panel, or even the WrapPanel element from  Chapter 7, 
•Layout.Ž Finally, the ItemsTemplate property speci“es the  template for each
item in the list. The content of each item is bound to the list in this example
using a binding. See Chapter 10, •Data Binding,Ž for a description of bindings.

To understand the previous template expansion, you can manually
expand the markup to what Silverlight would have generated:

<!�� A ny content before the ItemsPresenter would appear here ��>

<!�� ItemsPanel ��>
<StackPanel>

<!�� ItemTemplate ��>
<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="Item 1"/>

</Border>
<!�� ItemTemplate ��>
<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="Item 2"/>

</Border>
<!�� ItemTemplate ��>
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<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="Item 3"/>        

</Border>
<!�� ItemTemplate ��>
<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="Item 4"/>

</Border>
<!�� ItemTemplate ��>
<Border BorderThickness="10" BorderBrush="Black">
<TextBlock Text="Item 5"/>

</Border>

</StackPanel>

<!�� A ny content after the ItemsPresenter here ��>

Another important feature of the ContentControl element and 
ItemsControl element is that you can data-bind to them. See Chapter 10
for a description of data-binding.

VisualStateManager
To customize a built-in control, you can set the ContentControl.
ControlTemplate property or the ItemsControl.ItemsTemplate property
to a different template. However, you also need to understand how to use
the VisualStateManager class to customize Silverlight built-in controls.

The visual state manager manages transitions of states for your control 
by de“ning a standard protocol for how you de“ne those states and  transitions.
For example, if you want to customize a button element, the button may be in its
normal state, in the pressed state, in the hover state, in a disabled state, or it may
have focus. Some states are independent and some are dependent. For example,
you cannot press a button element when it is disabled, but you can press a 
button that has focus and you can press a  button that does not have focus.
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PERFORMANCE TIP
Each element in a template is instantiated per instance of the control
that uses that template. For best load times, you should minimize the
number of elements in templates. Built-in types are typically faster than
the  custom user types you de“ne, so using only built-in types in
 common templates also improves load times.  



The visual state manager supports de“ning states and grouping your
 control states into independent groups. For example, for the button  element,
one group indicates whether the button is in its normal state, hover state, or
pressed state. The other group for the button indicates whether the button has
focus or not. The control has one active state for each group of states at any time.

To help you further understand these ideas, consider the simple
 customized button shown in Figure 9.7.
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Normal Depressed

Figure 9.7: Simple customized button

The button has a light gray border in its normal state and a black
 border when it is depressed. The Button element is a subclass of the
ContentControl class, so you would customize the button by replacing
the ContentControl.ContentTemplate property. In this particular case,
you want a simple Border element with a ContentPresenter element for
the button contents:

<Border Background="White" BorderThickness="5">
<Border.BorderBrush>
<SolidColorBrush  x:Name="ButtonBorderBrush" Color="LightGray"/>

</Border.BorderBrush>

<ContentPresenter
HorizontalA lignment="Center"
VerticalA lignment="Center"
x:Name="contentPresenter"
Content="{TemplateBinding Content}"

/>

</Border>

Now that you have de“ned the appearance of the button, you use the
visual state manager to de“ne the groups and add animations for each group:

<UserControl x:Class="ControlsSample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:vsm="clr-namespace:System.Windows;assembly=System.Windows"

>



<Button Width="100" Height="50" Content="Hello World">
<Button.Template>
<ControlTemplate>
<Grid>
<vsm:VisualStateManager.VisualStateGroups>
<vsm:VisualStateGroup x:Name="CommonStates">
<vsm:VisualState x:Name="Normal"/>
<vsm:VisualState x:Name="MouseOver"/>
<vsm:VisualState x:Name="Disabled"/>
<vsm:VisualState x:Name="Pressed">
<Storyboard>
<ColorA nimation 

Duration="0"         
Storyboard.TargetName="ButtonBorderBrush" 
Storyboard.TargetProperty="Color" To="Black"

/>
</Storyboard>

</vsm:VisualState>
</vsm:VisualStateGroup>

<vsm:VisualStateGroup x:Name="FocusStates">
<vsm:VisualState x:Name="Focused"/>

</vsm:VisualStateGroup>

</vsm:VisualStateManager.VisualStateGroups>

<Border Background="White" BorderThickness="5">
<Border.BorderBrush>
<SolidColorBrush 
x:Name="ButtonBorderBrush" 
Color="LightGray"

/>
</Border.BorderBrush>
<ContentPresenter
HorizontalA lignment="Center"
VerticalA lignment="Center"
x:Name="contentPresenter"
Content="{TemplateBinding Content}"

/>
</Border>

</Grid>
</ControlTemplate>

</Button.Template>
</Button>

</UserControl>

The only state this example rede“nes is the pressed state that uses a zero
duration animation to change the color from light gray to black. When the
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button is no longer pressed, the visual state manager automatically stops
the animation, which goes back to the default state of light gray.

To customize most built-in Silverlight controls, do the following:

1. Look at the control base class and determine if it inherits from the
ContentControl class or the ItemsControl class.

2. Determine which template properties to replace to customize its
appearance.

3. Get the list of state groups and state names that de“ne the control.
The easiest way to get that list is either to load the control into
Expression Blend or read the control documentation at
http://msdn.microsoft.com. 

4. Replace the template with your own XAML.

In addition to defining the appearance of your visual states, you can also
define transitional animations between states. For example, if you want the
color to gradually transition from light gray to black over two seconds
instead of instantly, you can add a visual transition:

<vsm:VisualStateGroup x:Name="CommonStates">
<vsm:VisualStateGroup.Transitions>
<vsm:VisualTransition GeneratedDuration="00:00:02" To="Pressed"/>

</vsm:VisualStateGroup.Transitions>              
</vsm:VisualStateGroup>

In this example, an animation that lasts for two seconds is used to
 transition gradually from one state to another. Here, the animation starts
from whatever current property values are set and proceeds to the new val-
ues speci“ed in the pressed state over two seconds. 

Styling
The examples have so far replaced the control and items templates as well
as the items panel with a custom control template to change how the 
control should look in different states. Of course, you do not want to replace
this property for every instance of a particular control.

In Silverlight, you can use a Style element to set several properties
based on a speci“ed style. For example, if you want to create a custom style
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for a TextBlock element with large and italic text, as shown in Figure 9.8,
add a style element:
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Figure 9.8: Using a style

<Canvas>
<Canvas.Resources>

<!�� define the style ��>
<Style x:Key="CustomStyle" TargetType="TextBlock">
<Setter Property="FontSize" Value="24"/>
<Setter Property="FontStyle" Value="Italic"/>

</Style>
</Canvas.Resources>

<!�� use the style ��>
<TextBlock 
Style="{StaticResource CustomStyle}">
Hello World

</TextBlock>

</Canvas>

A style consists of one or more Setter elements that are a shortcut to
 setting one or more properties to some value. 

With control elements, you will most commonly want to use a style to set 
theContentControl.ControlTemplate property, ItemsControl.ItemsTemplate
property, or ItemsControl.ItemsPanel property for a  custom appearance.

Create Custom Controls
Now that you have learned how to customize a built-in Silverlight control,
you can also write your own control that others can customize. You can, for
example create a SimpleButton control that has a click handler that behaves
the same as the one shown in Figure 9.7.

To create your own customizable control, inherit from either the
ContentControl class or ItemsControl class and de“ne your state names
and transition states using VisualStateManager.GoToState:

public class SimpleButton : ContentControl
{
public SimpleButton()



{
// Hookup event handlers

this.MouseLeftButtonDown += new MouseButtonEventHandler(ButtonDown);
this.MouseLeftButtonUp += new MouseButtonEventHandler(ButtonUp);

}

//
// Define VisualStateManager states
//

private const string Normal = "Normal";
private const string Pressed = "Pressed";

//
// Define transitions by calling GoToState
//

void ButtonDown(object sender, MouseButtonEventA rgs e)
{
VisualStateManager.GoToState(this, Pressed, true /* transitions */);

}

void ButtonUp(object sender, MouseButtonEventA rgs e)
{
VisualStateManager.GoToState(this, Normal, true /* transitions */);

}
}

In this example, the transition only applies the state group that tracks 
normal or pressed state, but the state group that de“nes the focus state does
not change. In particular, if the button had a focus rectangle, it would be
unmodi“ed by this transition. 

With this de“nition of a custom control, you can now create a template
and de“ne the visual state manager transitions the same way that you did
with a built-in Silverlight control:

<app:SimpleButton Width="100" Height="50" Content="Hello World">
<app:SimpleButton.Template>
<ControlTemplate>
<Grid>
<vsm:VisualStateManager.VisualStateGroups>
<vsm:VisualStateGroup x:Name="CommonStates">
<vsm:VisualState x:Name="Normal"/>
<vsm:VisualState x:Name="Pressed">
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<Storyboard>
<ColorA nimation 
Duration="00:00:00" 
Storyboard.TargetName="ButtonBorderBrush" 
Storyboard.TargetProperty="Color" To="Black"

/>
</Storyboard>

</vsm:VisualState>
</vsm:VisualStateGroup>

</vsm:VisualStateManager.VisualStateGroups>

<Border Background="White" BorderThickness="5">
<Border.BorderBrush>
<SolidColorBrush 
x:Name="ButtonBorderBrush" 
Color="LightGray"

/>
</Border.BorderBrush>
<ContentPresenter
HorizontalA lignment="Center"
VerticalA lignment="Center"
x:Name="contentPresenter"
Content="{TemplateBinding Content}"

/>
</Border>

</Grid>
</ControlTemplate>

</app:SimpleButton.Template>
</app:SimpleButton>  

Under the Hood

The two components to the Silverlight control model include instantiating
the elements of the control as de“ned by the templates and managing the
state transitions with the visual state manager. This section describes how
these components work •under the hood.Ž

Control Instantiation
When you instantiate a UserControl element, the XAML is usually
parsed immediately and all objects that make up your control are created.
A Control element derived class keeps some components as XAML strings
so that they can be instantiated later. In particular, the templates are kept
as strings and expanded during the layout system measure pass, and the
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visual state manager keeps the storyboards as strings and instantiates them
when you call GoToState for the “rst time on that state.

Control templates use deferred instantiation as a performance
 optimization. In particular, if your layout container decides that there is not
enough visual space for all the children to “t in the container, there is no
reason to apply template expansion to those children that do not “t. This
deferred instantiation is visible to your application because your construc-
tors and events do not “re until your control is determined  visible by some
layout container. This optimization bene“ts the  performance of long lists. 

The visual state manager defers the instantiation of your storyboards to
optimize your application load time. In general, your application initially
displays most controls in their default state and only requires the additional
states later when you interact with the controls. To minimize load times,
your storyboard animations are only instantiated when you start interacting
with those controls. 

The Visual State Manager Algorithm
The key function in the visual state manager is the implementation of the
VisualStateManager.GoToState method. When you call GoToState, the
visual state manager does the following:

1. Finds the visual state group for the target. 

2. Does no further work if the target state and the source state are
the same.

PERFORMANCE TIP
Control templates conceptually copy and paste your XAML for each
instance of a control. For this reason, you should keep control tem-
plates as small as possible to improve your application load times. Fur-
thermore, custom control types in your template often instantiate
slower than built-in types. For frequently expanded templates, you
should use mostly built-in types to improve application load times. 
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3. Creates the storyboard for the new state. As a performance
 optimization, Silverlight does not parse storyboard XAML in visual
state groups until they are “rst used.

4. Starts the new animation and stops the old one if there is no custom
animation.

5. Starts the custom animation and stops the currently playing one if
there is a custom animation.

6. Fires visual state manager state events for those animations that
have completed.

7. Sets the current state to the target state.

You can implement your own VisualStateManager with your own
 transition rules by deriving from VisualStateManager and setting the
VisualStateManager.CustomVisualStateManager property to an instance
of your custom class. 

Where Are We?

This chapter discussed the following:

€ The Silverlight control design principles

€ How to customize the appearance of built-in controls

€ How to build your own controls

€ How Silverlight loads and runs your controls •under the hoodŽ
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10 
Data Binding

O NE COMMON PROBLEM in Web applications is connecting data, such
as an XML result from a server query to the display of an application.

Manually writing code to convert XML data to a displayable format can be
cumbersome and does not provide an easy way for designers to customize
the data display.  

To automatically connect and synchronize data with your user interface,
Silverlight offers data-binding features. With Silverlight, designers can 
customize the data display without changing the underlying code. 

In particular, in this chapter, you will learn the following:

€ The data-binding design principles for Silverlight 

€ How to connect and synchronize data with your application user
interface

€ How the data-binding system works •under the hoodŽ

Data Binding Principles

The goals of Silverlight data binding include the following:

€ Enabling a variety of different types of data sources to be connected

€ Making the connection and synchronization of data easy and 
automatic
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€ Maintaining the separation between the user interface design and
the application logic

Data Sources
Data comes in many forms including XML files, Common Language 
Runtime (CLR) objects in memory, custom formats from Web service
queries, and so on. For the purposes of Silverlight data binding, a data
source is a set of CLR objects. Silverlight includes technologies such as
Microsoft Language Integrated Query (LINQ) that provide both an abstrac-
tion for the data source (with multiple providers for different formats) and
a query language to filter, sort, and manipulate that data. You can use LINQ
to SQL to get CLR objects from an SQL query, LINQ to XML to get
CLR objects from XML data, or LINQ to objects to query, filter, and sort
existing object-based results. For more information on LINQ, see
http://msdn.microsoft.com. The output of LINQ becomes the input for
 Silverlight data binding to enable you to connect any data source to a
 Silverlight application. For the remainder of this chapter, the term data
source refers to a CLR object with properties.

Automatic Connection and Synchronization 
In addition to populating the application with an initial data source, 
synchronizing with updates to the data source is often required. A key design
goal for data binding is to ensure that data changes automatically re”ect in
the application display and can coexist with other Silverlight systems such as
the layout system that can lay out data as it changes shape and size.

Declarative XAML Model
A fundamental design goal for every Silverlight feature is that designers
can alter the display of an application through editing XAML independ-
ently from developers modifying the application code. Silverlight data
binding achieves this goal by providing a declarative XAML-based repre-
sentation of the connection and synchronization of data. This XAML is
modi“able by designers and maintains the split in developer and designer
work”ow.
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Data Binding Objects

In this section, you learn how to use data binding to create bindings from
your data to properties and how to synchronize those connections.

Connecting to Data with a Binding
A Binding object is a description of the connection between your data
source and an element. There are two steps to creating a connection
between data and an element:

1. Set the DataContext property on a FrameworkElement derived class
to an object that contains your data. A DataContext is a property on
eachFrameworkElement that provides a convenient way to specify
the data source for data binding. If you do not set the DataContext
for one element, Silverlight gets the DataContext value from the
closest parent element that does set the DataContext.

2. Set a Binding object to connect a target element property to a data
source property.

For example, suppose you want to bind a simple data record  containing
employee and manager data to the display shown in Figure 10.1. 
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Figure 10.1: Data binding

a data record to a TextBox

Start by creating a data object defining your record:

public class MyDataItem 
{
public string Employee
{
get { return "John Smith"; }

}



public string Manager
{
get { return "Jessica Jones"; }

}
}

Next, set the DataContext property to an instance of the data:

public partial class MainPage : UserControl
{
public MainPage()
{
// Load XA ML

InitializeComponent();

// Set DataContext

this.DataContext = new MyDataItem();
}

}

To connect the data source to an element property, you can set the
Binding from XAML:

<UserControl x:Class="BindingExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

>
<Canvas>
<Border 
Padding="5" 
BorderThickness="2" 
BorderBrush="Black" 
CornerRadius="5"

>

<Grid>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="A uto"/>
<ColumnDefinition Width="A uto"/>      

</Grid.ColumnDefinitions>
<Grid.RowDefinitions>
<RowDefinition Height="A uto"/>
<RowDefinition Height="A uto"/>

</Grid.RowDefinitions>

<TextBlock 
Grid.Row="0" 
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Grid.Column="0" 
Text="Employee: "

/>

<TextBlock 
Grid.Row="0" 
Grid.Column="1" 
Text="{Binding Employee}"

/>

<TextBlock 
Grid.Row="1" 
Grid.Column="0" 
Text="Manager: "

/>

<TextBlock 
Grid.Row="1" 
Grid.Column="1" 
Text="{Binding Manager}"

/>

</Grid>
</Border>

</Canvas>
</UserControl>

The special "{Binding Employee}" syntax is a markup extension. This 
syntax is equivalent to a SetBinding invocation in code:

public MainPage()
{
// Load XA ML

InitializeComponent();

// Set the DataContext

this.DataContext = new MyDataItem();

// Equivalent to Text="{Binding Employee}"

this.EmployeeTextBlock.SetBinding(
TextBlock.TextProperty, 
new Binding("Employee")

);

// Equivalent to Text="{Binding Manager}"
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this.ManagerTextBlock.SetBinding(
TextBlock.TextProperty, 
new Binding("Manager")

);

}

DataContext Inheritance
In the previous example, the MainPage constructor set the DataContext
property, whereas its child TextBlock elements speci“ed the binding. This
usage pattern works because the DataContext property is an inherited
property, that is, Silverlight determines the value of the property by “nding
the nearest parent element with the property explicitly set. 

You can reset a binding object connection by either calling the 
ClearValue method for the property or by setting the property to some
other explicit value.

Technical Insight
Silverlight only provides built-in markup extensions; you cannot define your
own. Future Silverlight versions will likely let you write your own markup
extensions. The most general form of a markup extension is syntax for cre-
ating an object and providing that object with a FrameworkElement
instance and the DependencyProperty to set.  

Technical Insight
Silverlight freezes a binding object when you set the binding to a property,
and you will no longer be able to modify the binding properties.  
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DEBUGGING TIP
Errors in binding connections do not throw exceptions by default. To
determine why a connection has failed, you can view the error mes-
sages in your debugger output window. Later in this chapter, you will
learn how to enable data-binding exceptions.



Data Synchronization and Binding Modes
After establishing a binding between a data object and an element property,
you may need to synchronize data values when the data object properties
change or if the element property changes. For example, if the data that is
bound to a control changes, the binding needs to notify the control to
update its displayed value. If a control value changes, the binding may
need to write the data back to a data store.

To use data binding to synchronize your data with an element property,
“rst ensure that your data object implements INotifyPropertyChanged:

public class MyDataItem : INotifyPropertyChanged
{
//
// Set a default value in the constructor
//

public MyDataItem()
{
this.employee = "";

}

//
// INotifyPropertyChanged implementation
//

public event PropertyChangedEventHandler PropertyChanged;

//
// Employee property
// 

public string Employee
{
get
{
return this.employee;

}

set
{
this.employee = value;

// Call the PropertyChanged handler

if (PropertyChanged != null)
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{
PropertyChanged(this, new PropertyChangedEventA rgs("Employee"));

}
}

}

private String employee;
}

To control how properties synchronize, you can set the binding mode
of a Binding object to OneTime, OneWay, or TwoWay. OneTime indicates that 
Silverlight will read the data only once and will never update values when
properties are changed. OneWay indicates that changes to a data object will
change the element property, but changes to the element property will not
change the data object. With a OneWay binding, changes to the element 
properties will disconnect the Binding object and will no longer synchro-
nize data. TwoWay indicates that Silverlight will synchronize changes to the 
element property with the data object and changes to the data object with
the element. The default binding mode is OneWay.

You can specify the binding mode by setting the Mode property on a
Binding object, or declaratively through the markup extension:

<UserControl 
x:Class="BindingModeExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
>

<StackPanel>

<TextBlock 
x:Name="myOneTimeTextBlock" 
Text="{Binding Employee, Mode=OneTime}"
/>

<TextBlock 
x:Name="myOneWayTextBlock" 
Text="{Binding Employee, Mode=OneWay}"
/>

<TextBlock 
x:Name="myTwoWayTextBlock" 
Text="{Binding Employee, Mode=TwoWay}"
/>
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</StackPanel>

</UserControl>

Changes to MyDataItem or TextBlock properties then synchronize based
on the binding mode:

MyDataItem dataItem = new MyDataItem();

this.DataContext = dataItem;

// Updates only the TextBlocks set to bind mode
// OneWay and TwoWay.  Does not update the OneTime 
// binding mode TextBlock.

dataItem.Employee = "Mark B";

// Does not update the data source since only OneWay 
// binding is specified
//
// Setting the local value also removes the binding
// associated with this property

this.myOneWayTextBlock.Text = "Mark C";

// Updates the data source since TwoWay binding
// is specified

this.myTwoWayTextBlock.Text = "Mark D";

Data Binding Collections with ItemsControl
In Chapter 9, •Controls,Ž you learned how to use an ItemsControl element.
In this section, you learn how to bind data to your ItemsControl.

To bind to a list, follow these steps:

1. Provide a data source that is a collection of some object type.
For proper synchronization, make sure your data source properly
 implements INotifyCollectionChanged.

2. Use an ItemsControl element as the display container for your list.

3. Create a DataTemplate to specify the display of each item. 
A DataTemplate is an ItemTemplate that you have already seen in
Chapter 9. 
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4. Set the ItemsSource property of the ItemsControl to the collection
of data to display as described in Chapter 9.

To implement a collection-based data source, it is simplest to inherit from
ObservableCollection:

public class MyDataCollection : ObservableCollection<String>
{
public MyDataCollection()
{
//
// Populate the data source with some data
//

this.A dd("Item 1");
this.A dd("Item 2");
this.A dd("Item 3");

}
}

The next step is to create an ItemsControl (or any ItemsControl
derived control such as a ListBox) as shown in Figure 10.2.
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Figure 10.2: Data

binding to a list

<UserControl 
x:Class="ItemsControlExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
>

<ItemsControl x:Name="myItemsControl">
<ItemsControl.ItemTemplate>
<DataTemplate>
<Border BorderThickness="2" BorderBrush="Black" CornerRadius="3">
<TextBlock Text="{Binding}"/>

</Border>
</DataTemplate>

</ItemsControl.ItemTemplate>
</ItemsControl>

</UserControl>



In the previous data-template example, the Text property was set to 
{Binding} without specifying a property to bind. The reason no addi-
tional parameters were required was because our collection was of type
String, and you are binding the object itself (not a sub-property) to the
Text property. If the collection was of a type that contains multiple prop-
erties, use the same binding syntax used in the previous sections that
specified the property name. The ItemsControl sets the DataContext to
the list when you set the ItemsSource property, and in this case, the bind-
ing refers to the item types.

As you learned in Chapter 9, the default behavior for an ItemsControl
is to create a StackPanel that replaces the content contained within a
DataTemplate speci“ed in the ItemTemplate property. For example, in this
case, you get the equivalent of the following XAML shown in Figure 10.2:

<StackPanel>
<Border BorderThickness="2" BorderBrush="Black" CornerRadius="3">
<TextBlock Text="Item 1"/>
</Border>
<Border BorderThickness="2" BorderBrush="Black" CornerRadius="3">
<TextBlock Text="Item 2"/>

</Border>
<Border BorderThickness="2" BorderBrush="Black" CornerRadius="3">
<TextBlock Text="Item 3"/>

</Border>
</StackPanel>

Now that you have learned how to data bind to an ItemsControl class,
you can use the same method to bind to any list-based class that derives
from ItemsControl. For example, you can replace the ItemsControl
container with a ComboBox to get the result shown in Figure 10.3.
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Figure 10.3: Data binding

to a ComboBox



<UserControl 
x:Class="ItemsControlExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
>

<ComboBox x:Name="myItemsControl">
<ItemsControl.ItemTemplate>
<DataTemplate>
<Border BorderThickness="2" BorderBrush="Black" CornerRadius="3">
<TextBlock Text="{Binding}"/>

</Border>
</DataTemplate>

</ItemsControl.ItemTemplate>
</ComboBox>

</UserControl>

Chapter 10: Data Binding224

PERFORMANCE TIP
If your data source contains a list of items that are far greater than what
Silverlight can display on the screen, the ItemsControl approach
shown here generates many invisible elements and slows down the
performance of your application. You should “lter your ItemsSource
to a collection containing only those items that are visible on the screen
to improve performance. You can approximate the scroll thumb size
for large lists based on typical item sizes. The ListBox element in 
Silverlight 3 will now virtualize large lists of data for you, and is much
faster than using the ItemsControl element directly.

PERFORMANCE TIP
For best performance, keep your DataTemplate simple for large lists. 
Silverlight replicates the content you put in the DataTemplate for each
item in your collection. A simpler DataTemplate decreases the load
time of your content.

As with the ItemsControl class, you can create custom controls with 
template customization by either using an ItemsControl for list-based con-
trols or using the ContentControl element and ContentPresenter element
for single item content controls. Chapter 9 discussed the ContentControl
element and ContentPresenter element in detail.



Value Converters
In the previous examples, we mapped data items directly to property 
values. You may need to convert a data value from one type to another
before mapping to a property value. In our previous example, suppose you
had a priority associated with each data item. Furthermore, suppose you
want all high priority values to display in red.

First, extend the list item definition to include the Priority property:

public enum Priority
{
Normal,
High

}

public struct MyDataItem
{
public MyDataItem(String name, Priority priority)
{
this.name = name;
this.priority = priority;

}

public String Name 
{
get {return this.name;} 

}

public Priority Priority 
{ 
get { return this.priority; }  

}

private String name;
private Priority priority;

}

As with the previous example, build a data set:

public class MyDataCollection : ObservableCollection<MyDataItem>
{
public MyDataCollection()
{
//
// Populate the data source with some data
//
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this.A dd(new MyDataItem("Item 1", Priority.High));
this.A dd(new MyDataItem("Item 2", Priority.Normal));
this.A dd(new MyDataItem("Item 3", Priority.Normal));

}
}

Now, de“ne a class that implements IValueConverter to convert from
a Priority type to a Brush type:

public class MyPriorityConverter : IValueConverter
{
public object Convert(
object value,
Type targetType, // Ignore target type and always return a brush
object parameter,
System.Globalization.CultureInfo culture
)

{
object result = null;

//
// Check for high priority items and mark red
//

if ((Priority)value == Priority.High)
{
return new SolidColorBrush(Colors.Red);

}

//
// If we haven’t converted to anything special, default to 
// black
//

return new SolidColorBrush(Colors.Black);
}

public object ConvertBack(
object value,
Type targetType,
object parameter,
System.Globalization.CultureInfo culture
)

{
// Implement this callback for two way data binding 

throw new NotImplementedException();
}

}
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After you have de“ned your value converter, you can use it with your
Binding:

<UserControl 
x:Class="ValueConverterExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:app="clr-namespace:ValueConverterExample"
>
<ItemsControl x:Name="myItemsControl">
<ItemsControl.Resources>
<app:MyPriorityConverter x:Key="myDataConverter"/>      

</ItemsControl.Resources>

<ItemsControl.ItemTemplate>
<DataTemplate>

<TextBlock 
Text="{Binding Name}" 
Foreground="{Binding Priority, Converter={StaticResource 

myDataConverter}}"
/>

</DataTemplate>
</ItemsControl.ItemTemplate>

</ItemsControl>
</UserControl>

By default, if you do not specify a value converter and the types do not
match, Silverlight does some conversions automatically when possible. For
example, Silverlight can convert most types to a string automatically.

Data Validation
If your data source throws an exception or a built-in Silverlight converter
throws an exception, Silverlight ignores these exceptions. In the case of the
ItemsControl class, the items control omits that item from the list. You may
want to show a visual indicator for malformed data so that your application
user can correct that data.

To receive these errors, set both the NotifyOnValidationError and
ValidatesOnExceptions ”ags on the Binding to receive validation errors:

<TextBlock 
Text="{Binding Name, NotifyOnValidationError=True, 

ValidatesOnExceptions=True}" 
/>
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The NotifyOnValidationError option indicates that Silverlight should
report any error during binding, for example, if types do not match, an
error should be reported. The ValidatesOnExceptions option speci“cally
indicates that Silverlight should treat exceptions as reportable errors.

Then, you can listen to the event by connecting a validation event 
handler:

public MainPage()
{
InitializeComponent();

this.myItemsControl.ItemsSource = new MyDataCollection();

this.BindingValidationError += new 
EventHandler<ValidationErrorEventA rgs>( BindingErrorHandler);

}

with the validation event handler defined as

public void BindingErrorHandler(
object sender, 
ValidationErrorEventA rgs e
)

{
// Set a visual indicator for malformed data

this.Background = new SolidColorBrush(Colors.Red);
}

The validation error event bubbles up the tree until it finds a handler
that marks the event as handled.

Element to Element Binding (New in Silverlight 3)
A new feature in Silverlight 3 is the capability to bind the property value
of one element to a property value of another element.

For example, suppose you want to bind the value of a Slider element to
the Text property of a TextBlock element. You can use the ElementName
value in your binding to reference the other element to get the result shown
in Figure 10.4.
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<StackPanel>
<Slider Width="100" x:Name="mySlider"/>
<TextBlock 
Text="{Binding Value, ElementName=mySlider, Mode=TwoWay}"

/>
</StackPanel>

Under the Hood

This section discusses how the Binding object and the ItemsControl
element work •under the hood.Ž

Binding Object
When the Silverlight parser creates a Binding object for a markup 
extension, the parser calls Binding.SetupExtension that consequently calls
FrameworkElement.SetBinding. The SetBinding call creates the connection
between bound properties.

In particular, FrameworkElement.SetBinding does the following:

1. Creates a BindingExpression object from the Binding.
A BindingExpression is an internal object that Silverlight uses
to retrieve property values and can be set as the value of a
DependencyProperty.

2. Calls SetValue on the target property with the BindingExpression
speci“ed.

3. The BindingExpression attaches to the data object by caching its
value and listening to any property change noti“cations that are
available if the BindingMode is not OneTime.
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4. The BindingExpression also walks up the parent chain to “nd the
nearest DataContext and registers for changes to that DataContext
property. 

5. For some events, the BindingExpression substitutes high frequency
property change noti“cations with lower frequency noti“cations.
For example, the TextBox.Text property changes with every
 keystroke and the BindingExpression instead listens to the
TextBox.OnChanged handler. For these substitutions, the Binding
Expression also listens to focus lost noti“cations and forces an
update if focus is lost.

6. The BindingExpression reads the initial value from the source and
caches it locally as the initial data-binding value.

After Silverlight creates and connects the BindingExpression object,
any changes to the source object notify the BindingExpression, which

propagate the value to the data-bound object. If the types of the data object
do not match a target or if there is an explicit value converter set, Silverlight
calls the value converter to convert to compatible types.

ItemsControl
The ItemsControl element is the key to data-binding lists and has two
roles: keeping the list of data and expanding the templates used for 
display. 

When you set the ItemsControl.ItemsSource property, the ItemsControl
listens to any collection changes through the INotifyCollectionChanged
interface. Any changes to the list including the initial population invalidate
the ItemsControl element and mark it as needing a measure pass. Silverlight
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PERFORMANCE TIP
For best performance, set the DataContext property as close as possi-
ble to the properties bound to the DataContext. The more elements
that Silverlight must walk to “nd the DataContext, the slower your
performance will be.



then measures the ItemsControl element on the next tick as discussed in
Chapter 7, •Layout.Ž 

During the ItemsControl element measure call, Silverlight parses all
data templates and objects are instantiated to re”ect the data changes. 
Silverlight defers the template expansion process so that it does not expand
items that are not visible. 

Where Are We?

This chapter discussed the following:

€ The Silverlight data-binding design principles

€ How to connect and synchronize data with your application user
interface

€ How the data-binding system works •under the hoodŽ
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PERFORMANCE TIP
Template expansion can be a slow process. You should use data binding
for binding your data to controls, but you should avoid excessive use
when scalability up to many thousands of elements is required. For
example, if you are binding data to a list, use the ItemsControl
element (or ListBox element) and data binding. If you are doing a data
visualization animation that consists of tens of thousands of shapes, it is
likely better to use lighter weight elements such as the Canvas
element and Shape element discussed in Chapter 3, •Graphics.Ž
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11
Effects

S I LV E R L I G H T 3 A D D S new effects including blur, drop shadow, and
custom pixel shaders. For example, you can apply a drop shadow to

some text, a blur to simulate motion blur, or create a custom water effect.
This chapter will describe the following:

€ The Silverlight effect design principles

€ How to use built-in effects 

€ How to de“ne custom pixel-based effects

€ How Silverlight effects work •under the hoodŽ

Effect Principles

The design principles of Silverlight effects include the following:

€ Good performance for real-time animation

€ Basic built-in effects 

Real-Time Speed
Silverlight 3 introduces a pixel shader API (application programming inter-
face) tuned for real-time scenarios such as the use of custom effects with
animation. A pixel shader is a small program that allows you to modify the
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visual appearance of an element based on the element•s rasterization, brush
inputs, and pixel shader parameters. With the pixel shader API, you can
write your own custom effects, including color filters, edge detection filters,
and so on. The pixel shader language is limited in its expressiveness to
enable the Silverlight runtime to parallelize the pixel shader code to run on
multiple processor cores using SIMD (Single Instruction Multiple Data)
CPU instructions. 

Common Built-In Effects
Silverlight includes a set of common effects such as blur and drop shadow
effects. These effects are useful by themselves but also provide useful 
building blocks that you can use with shader-based effects. For example,
you can use a blur effect to simulate depth of field, motion blur, and 
light blooms.

Effect Elements

In this section, you will learn how to use the built-in Silverlight effects and
how to create your own custom effects.

Applying an Effect
To use an effect, you can set the UIElement.Effect property to the desired
effect object to get the result shown in Figure 11.1.
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Figure 11.1: Drop shadow effect 

applied to text

<TextBlock FontSize="24">

<TextBlock.Effect>
<DropShadowEffect BlurRadius="5" Opacity="0.5"/>

</TextBlock.Effect>

Hello World
</TextBlock>
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Silverlight 3 has two built-in effects: DropShadowEffect and BlurEffect.
The drop shadow effect blurs the contents of an element, applies an offset
transform, converts to grayscale, and draws underneath the original 
content.

You can use a BlurEffect class to apply a Gaussian blur to an element•s
content to get the result shown in Figure 11.2.

Figure 11.2: Blur effect 

applied to text

PERFORMANCE TIP
Blur and drop shadow effects use signi“cant CPU time and memory.
If you can simulate the drop shadow with radial and linear gradients,
you will get signi“cantly better performance. 

Technical Insight
Both the blur and drop shadow effects implement the blur operation by
creating a temporary surface to render the element�s content, applying a
horizontal Gaussian blur, and then applying a vertical Gaussian blur. This
process is mathematically equivalent to applying a two-dimension blur.
However, this process involves allocation of a surface and multiple passes
over the pixels.

<TextBlock FontSize="24">

<TextBlock.Effect>
<BlurEffect Radius="10"/> 

</TextBlock.Effect>

Hello World
</TextBlock>



Creating an Effect
To create a custom effect, you need to write a pixel shader in a language
such as the DirectX High Level Shader Language (HLSL). Pixel shaders
limit the length of programs that run on each pixel and can only

€ Read input registers.

€ Read bitmap image colors using samplers. A sampler is the name of
the component that allows reading colors from a brush. 

€ Take parameters that provide the position in the element. 

€ Do simple math and output a color as four floating-point numbers
with each channel between 0 and 1.

Technical Insight
The pixel shader format used in Silverlight is the same as the pixel shader
byte code used in DirectX 9. Using the same format enables you to use the
DirectX shader tools and may enable GPU acceleration of shader effects in
a later Silverlight version. Using an HLSL compiler is the easiest way to
generate pixel shader byte code.

You can write a simple HLSL pixel shader that “lls the element content
with pure red by writing the following code:

float4 main(float2 elementPosition : TEXCOORD) : COLOR
{

float4 outputColor;

// Set the color to red and return the color

outputColor.a = 1.0f;
outputColor.r = 1.0f;
outputColor.g = 0.0f;
outputColor.b = 0.0f;

return outputColor;
}
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You can compile the HLSL pixel shader using the DirectX fxc.exe compiler
that you can get by downloading the DirectX SDK (software development
kit) from http://msdn.microsoft.com/directx. For example, if the preced-
ing HLSL program was in a red.fx “le, you could produce the shader byte
code by running

fxc /Tps_2_0 red.fx /Fored.fx.ps

Technical Insight
Silverlight uses DirectX byte code as the input format instead of HLSL to
enable you to use any input shader language that can output DirectX byte
code and the most recent optimizing compilers.  

To apply an HLSL pixel shader to an element, “rst place red.fx.ps in an
assembly as a resource using Visual Studio. 

After you have added red.fx.ps to your assembly, you can create a 
custom effect class by inheriting from the ShaderEffect class and setting
the PixelShader property to refer to the shader byte code:

public class MyShaderEffect : ShaderEffect
{

static MyShaderEffect()
{

//
// Load the pixel shader once in a static constructor
// so that each use of the effect does not have to reload
// the pixel shader.
//

pixelShader = new PixelShader();

//
// red.fx.ps must be compiled byte code embedded in the
// assembly containing MyShaderEffect.
//

pixelShader.UriSource = new Uri(
"/ShaderExample;component/red.fx.ps", 
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UriKind.RelativeOrA bsolute
);

}

public MyShaderEffect()
{

//
// Set the pixel shader to the one you loaded in the static
// constructor
//

this.PixelShader = pixelShader;
}

private static PixelShader pixelShader;
}

To use the MyShaderEffect class, set the UIElement.Effect property as
shown in the following code to get the result shown in Figure 11.3.
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Figure 11.3: Red pixel effect applied to 

an ellipse producing a square

<UserControl x:Class="ShaderExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:app="clr-namespace:ShaderExample"

>

<StackPanel Orientation="Horizontal">

<!�� A n ellipse without an effect ��>

<Ellipse Width="100" Height="100" Fill="Blue"/>

<!�� A n ellipse with an effect ��>

<Ellipse Width="100" Height="100" Fill="Blue">
<Ellipse.Effect>
<app:MyShaderEffect/>



</Ellipse.Effect>
</Ellipse>

</StackPanel>

</UserControl>

The most obvious problem with our effect is that it has turned the ellipse
into a square. The pixel shader runs on every pixel in the bounding box of
the element. 

To limit the effect to only the ellipse, you need to read the rendered 
contents of the ellipse and use the alpha channel from those contents in the
output color. To read the ellipse pixels, you need to de“ne a sampler 
register in your HLSL program that speci“es which sampler to use to read
the bitmap color data. By default, the rendered content of the element maps
to sampler 0. 

For example, to multiply the alpha channel for each pixel, you can use
this HLSL program:

//
// Defines the input brush of the effect to be sampler 0.  
//
// MyShaderEffect also needs to define the input to be 0 so that
// the Silverlight runtime connects the HLSL program to 
// the MyShaderEffect data. By default, the content of the element
// is automatically set to sample s0.
//

sampler2D input : register(s0);

float4 main(float2 elementPosition : TEXCOORD) : COLOR
{

float4 outputColor;

//
// Use the tex2D function to read input from the input
//
outputColor.a = tex2D(input, elementPosition).a;
outputColor.r = outputColor.a;
outputColor.g = 0.0f;
outputColor.b = 0.0f;

return outputColor;
}
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With these changes, MyShaderEffect renders as shown in Figure 11.4.
There are several new concepts in the previous HLSL program. The pre-

vious HLSL program used a new function called tex2D. The tex2D function
reads the pixel color from the position provided by the elementPosition
parameter. The elementPosition parameter is (0,0) in the top left of the 
rendered element and (1,1) in the bottom right of the rendered element. The
other concept introduced in the previous HLSL program is setting the red
channel equal to the alpha channel. Although all Silverlight colors are spec-
i“ed as an (a, r, g, b) tuple, Silverlight internally works in a format called
premultiplied alpha, which stores colors as an (a, a*r, a*g, a*b) tuple. 
Premultiplied colors have a number of performance advantages and are the
format you need to output in the pixel shader. Consequently, you need to
multiply the red, green, and blue channels by the alpha channel before
returning them. If a color channel is greater than the alpha channel, you
may get undesirable rendering artifacts. You also get premultiplied colors
from tex2D instructions. 

Table 11.1 lists other common HLSL functions. Most HLSL functions can
apply to either a single ”oat or a vector of ”oating point values such as a
float2, float3, or float4. The basic types for pixel shader version 2.0 in
HLSL programs are ”oating-point based, so you will be using ”oating-
point operations rather than integer operations. For comprehensive 
documentation on HLSL, see the DirectX HLSL documentation at
http://msdn.microsoft.com/directx. 

The previous HLSL program set the input to sampler 0 with the 
register(s0) annotation. The HLSL pixel shader model has 16 sampler
inputs mapped to HLSL registers s0 to s15. You can de“ne the mapping for
additional inputs to those registers. For example, suppose you want 
to write a shader that multiplies an input bitmap with the contents 
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Figure 11.4: Correct red pixel effect 

applied to an ellipse
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Table 11.1: HLSL Functions

Function Description

abs(x) Absolute value

ceil(x) Returns the smallest integer greater than or
equal to x

clamp(x, min, max) Clamps each component of x to [min, max]

cos(x) Returns the cosine of x

cross(x) Returns the cross product of two 3d vectors

distance(x, y) Returns the distance between points x and y

dot(x, y) Returns the dot product of two vectors

exp(x) Returns a tailor series approximate to the 
base-e exponent

floor(x) Returns the greatest integer less than or 
equal to x

frac(x) Returns the fractional part of x which is greater
than or equal 0 and less than 1

length(x) Returns the magnitude of vector x

max(x, y) Returns the per component maximum for 
vectors x and y

min(x, y) Returns the per component minimum for 
vectors x and y

modf(x, y) Returns the fractional remainder for dividing 
x by y

mul(x, y) Multiplies matrices x and y

normalize(x) Returns the normalized vector of x

pow(x, y) Returns x raised to the y power

round(x) Rounds to the nearest integer to x

rsqrt(x) Returns the reciprocal square root of x

(Continues)



of an element. You can de“ne a second input sampler register in your HLSL 
program and multiply colors:

sampler2D input : register(s0);
sampler2D mask : register(s1);

float4 main(float2 elementPosition : TEXCOORD) : COLOR
{

return tex2D(input, elementPosition)
* tex2D(mask, elementPosition);

}

You can then set a second input to your effect class by adding a 
dependency property to your effect class that maps to sampler 1:

namespace ShaderExample
{
public class MyShaderEffect : ShaderEffect
{
static MyShaderEffect()
{
pixelShader = new PixelShader();
pixelShader.UriSource = new Uri(

"/ShaderExample;component/mask.fx.ps", 
UriKind.RelativeOrA bsolute

);
}

public MyShaderEffect()
{
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Function Description

saturate(x) Returns clamp(x, 0, 1)

sin(x) Returns the sine of x

sqrt(x) Returns the square root of x

tan(x) Returns the tangent of x

tex2D(s, uv) Returns the color from the brush set in sample 
s at position uv

trunc(x) Truncates a ”oating point value to an integer

Table 11.1: HLSL Functions (Continued)



this.PixelShader = pixelShader;
}

public Brush Mask
{
get { return (Brush)GetValue(InputProperty); }
set { SetValue(InputProperty, value); }

}

//
// Connect shader sampler 1 to the Mask dependency property
//

public static readonly DependencyProperty InputProperty =
ShaderEffect.RegisterPixelShaderSamplerProperty(
"Mask",
typeof(MyShaderEffect),
1
);

private static PixelShader pixelShader;
}

}

Finally, you can set the Mask property to an image brush to get the result
shown in Figure 11.5.
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Figure 11.5: A mask effect

<UserControl x:Class="ShaderExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:app="clr-namespace:ShaderExample"

>

<StackPanel Orientation="Horizontal">
<!�� A n ellipse without an effect ��>

<Ellipse Width="100" Height="100" Fill="Blue"/>



<!�� A n ellipse with an effect ��>

<Ellipse Width="100" Height="100" Fill="Red">
<Ellipse.Effect>
<app:MyShaderEffect>
<app:MyShaderEffect.Mask>
<ImageBrush ImageSource="silverlight.png"/>

</app:MyShaderEffect.Mask>
</app:MyShaderEffect>

</Ellipse.Effect>
</Ellipse>

</StackPanel>

</UserControl>
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DEBUGGING TIP
There are currently no tools for stepping through your pixel shader
inside a Silverlight application. You can debug pixel shaders in
 external shader developer tools such as NVIDIA•s FxComposer or
ATI•s  RenderMoney. 

Another debugging approach is to display internal values in your
pixel shader as colors. For example, you can display the passed in
 elementPosition x,y position as r,g,b colors as shown in Figure 11.6.

float4 main(float2 elementPosition : TEXCOORD) : COLOR
{

float4 outputColor;

outputColor.a = 1.0f;
outputColor.r = elementPosition.x;
outputColor.g = elementPosition.y;
outputColor.b = 0.0f;

return outputColor;
}

By looking at the color in Figure 11.6, you can see the value of 
elementPosition. For example, the red color in the top-right corner 
indicates elementPosition.x is 1 and elementPosition.y is 0.



To de“ne a ”oating-point based parameter to an effect, you can de“ne
a constant register in HLSL:

sampler2D inputBrush : register(s0); // sampler 0 = rendered input
float inputOpacity : register(c0);   // constant 0 = Opacity property

float4 main(float2 elementPosition : TEXCOORD0) : COLOR
{
//
// Multiply the opacity by the rendered content
//    

return inputOpacity*tex2D(inputBrush, elementPosition);
}

You can bind the parameter we de“ned in the HLSL “le to a
dependency property by setting a property callback method to the
PixelShaderConstantCallback method:

//
// Connect shader constant register 0 to the Opacity 
// dependency property
//

public static readonly DependencyProperty OpacityProperty =
DependencyProperty.Register(
"Opacity", 
typeof(double), 
typeof(MyShaderEffect), 
new PropertyMetadata(ShaderEffect.PixelShaderConstantCallback(0))

);

//
// Define the Opacity property
// 
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Figure 11.6: Debug pixel shader
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public double Opacity
{
get { return (double)GetValue(OpacityProperty); }
set { SetValue(OpacityProperty, value); }

}

In this case, we mapped the Opacity property to constant register 0. Set
the MyShaderEffect.Opacity property in your XAML “le to get the result
shown in Figure 11.7.
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Figure 11.7: Opacity parameter 

passed to a pixel shader

<UserControl x:Class="ShaderExample.MainPage"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 
xmlns:app="clr-namespace:ShaderExample"

>

<StackPanel Orientation="Horizontal">
<!�� A n ellipse without an effect ��>

<Ellipse Width="100" Height="100" Fill="Blue"/>

<!�� A n ellipse with an effect ��>

<Ellipse Width="100" Height="100" Fill="Blue">
<Ellipse.Effect>
<app:MyShaderEffect Opacity="0.25"/>

</Ellipse.Effect>
</Ellipse>

</StackPanel>

</UserControl>

So far, the effect samples have been simple and there were alternate
ways to achieve the effect with basic rendering properties. You can often



produce more visually compelling shaders by implementing lighting
 computations, standard image processing functions, or by experimenting
with simple mathematical properties.

For example, suppose you want to apply an image distortion effect to a
video. You could try perturbing the elementPosition value before taking
a texture sample as shown in the following code to achieve the result shown
in Figure 11.8.
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Figure 11.8: Adjusting the elementPosition 

parameter before sampling the input

PERFORMANCE TIP
Pixel shader programs are compiled to SSE2 + multi-core code and run
per pixel. Real-time animation performance is possible with short
shaders, but long shaders may run slowly.

sampler2D inputBrush : register(s0);

float4 main(float2 elementPosition : TEXCOORD0) : COLOR
{

float2 coord = elementPosition + frac(elementPosition*50.0)/50.0;

return tex2D(inputBrush, coord);
}



Under the Hood

Silverlight draws an effect in three steps:

1. Compiles the pixel shader to SSE2 assembly the “rst time the pixel
shader is used.

2. Renders the contents of the UIElement to a surface whenever the
UIElement contents or resolution are changed.

3. Runs the compiled program to generate effect pixels whenever
UIElement contents above or contents below are dirty. The built-in
BlurEffect and DropShadowEffect use intermediate surfaces to run
multi-pass algorithms to generate the effect results.

Surface Generation
Whenever the contents change for an element with an effect, Silverlight
draws the sub-tree into a separate surface. In addition, the rasterization
step does the following:

1. Applies a transform so that the contents of the sub-tree are posi-
tioned at 0,0 and without the inherited rotation. Silverlight keeps
scale transforms so that your effect renders at the proper resolution.
In particular, Silverlight tries to store only meaningful information
in the temporary surface and eliminate as much empty space as 
possible.

2. Draws the scene with the procedure described in Chapter 3, 
•Graphics.Ž

3. Generates a mip-map based on the results of step 2 as described in
Chapter 3.
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PERFORMANCE TIP
Although your HLSL program can have if statements, the compiler
generates code to compute all possible branches and multiplies the
unused branches by zero. Consequently, you should avoid using
branching for best performance.



BlurEffect and DropShadowEffect
The blur and drop shadow effects run similar to the pixel shader effects. In
particular, the effects also involve surface generation and generating an
SSE2 program that is capable of running the effect. The drop shadow effect
in particular is similar to a blur effect with an additional recolor to grayscale
and a translation transform. 

Silverlight draws an element with the blur effect by following these
steps:

1. Generates a set of weights for samples based on the Gaussian
curve.

2. Runs an SSE2 program that can sample horizontal rows of pixels
based on the radius, applies the speci“ed Gaussian weights to those
pixels, and produces the blended pixels. 

3. Uses the output of step 2 to apply an additional vertical blur using
the same procedure.

You can produce a similar result of drawing an element with a 
blur effect by writing a custom effect that blurs horizontally, a custom effect
that blurs vertically, and nesting the usage of those effects in nested 
Canvas elements.
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PERFORMANCE TIP
Applying an effect directly to an Image element or MediaElement
 element will bypass the surface generation step and be faster than
applying it to a Canvas containing an Image element or MediaElement
element.

PERFORMANCE TIP
Effects are signi“cantly slower if used with content that is constantly
changing because of the surface generation step. The one exception
is when you use effects with a MediaElement that does not require
this step. 



Where Are We?

This chapter discussed the following:

€ The Silverlight effects design principles

€ How to use built-in effects and custom effects in your application

€ How the effects system works •under the hoodŽ
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PERFORMANCE TIP
Blur and drop shadow performance varies with the blur radius and the
number of pixels it is applied to. Since Silverlight takes multiple passes
to render a blur, it is more computationally expensive than other
 custom effects. You should use these effects sparingly.



12 
GPU Acceleration

M OST COMPUTERS HAVE a modern graphics processing unit (GPU)
that can render graphics faster than a CPU. In Silverlight 3, you have

the option of using the GPU to improve the performance of transform oper-
ations, opacity fades, scrolling, and clip operations. For example, full-screen
video runs signi“cantly faster if you use the GPU to stretch the video.

If you use the Silverlight GPU features incorrectly, you can cause 
excessive use of system resources and severe performance degradations. 
It is important that you learn how to use these features optimally to get the
most performance benefit. 

This chapter describes the following:

€ The Silverlight GPU acceleration principles 

€ How you can properly use GPU acceleration in your applications to
get the maximum performance bene“t

€ How Silverlight GPU acceleration works •under the hoodŽ

GPU Acceleration Principles

The design goals of Silverlight GPU acceleration are as follows:

€ Achieve better performance for common scenarios

€ Maintain good image quality during GPU accelerated operations
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€ Maintain reasonable stability despite graphics driver
 dependencies

Achieve Better Performance for Common Scenarios
The GPU is usually capable of higher pixel “ll rates than the CPU because
of larger memory bandwidth and ef“cient parallel computation. The GPU
also has specialized hardware for some common graphics operations such
as the bilinear “ltering process described in Chapter 3, •Graphics.Ž

With Silverlight GPU acceleration, you can speed up common 
scenarios like the following:

€ Display to the browser window or full-screen window on some
operating systems

€ Image and video stretching, especially for full-screen scenarios 

€ Transform animations

€ Opacity fades

€ Scrolling

Rendering using the GPU can also improve the speed of transferring the
rendered results from the Silverlight back buffer to the display. 

Maintain Good Image Quality
The goal of Silverlight GPU acceleration is to provide better speed while
maintaining similar image quality to CPU-based rendering. There are 
situations where there is a direct tradeoff between image quality and speed.
In these situations, Silverlight provides options for selecting the quality you
would like to achieve. For example, if you stretch a vector graphic with 
Silverlight GPU acceleration, it can become blurry. Silverlight gives you the
option of selecting the resolution you want to render that vector graphic so
that stretches can remain sharper. You will learn more about these options
later in this chapter. 

Maintain Reasonable Stability
With GPU accelerated rendering, Silverlight uses more of the functionality
of your graphics driver than is normally used by the Web browser. End

Chapter 12: GPU Acceleration252



users often have uncerti“ed drivers, beta drivers, or other drivers that may
be unstable. The Silverlight runtime disables bad drivers and restricts 
vendors to increase the stability of GPU acceleration. You should keep in
mind that even if you ask for GPU acceleration, you might not get GPU
acceleration if your end-user does not have a stable graphics driver. You can
also check the current graphics card vendor, device, and driver version to
make your own decisions about whether to use the GPU. You can query a
property to determine if Silverlight is using the GPU.

GPU Acceleration Features

In this section, you will learn the following:

€ The requirements for using GPU acceleration

€ How to enable GPU acceleration on the Silverlight plug-in

€ How to use the CacheMode property to speed up rendering and 
animation

GPU Acceleration Prerequisites
GPU acceleration is only available in some cases. On Windows operating
systems, it is available when the plug-in is in windowed or full-screen
mode. On Mac OS X operating systems, it is available only when the plug-
in is in full-screen mode. In terminal server environments, it is only avail-
able on some operating systems and terminal server clients.

In all cases, you need at least DirectX 9.0c installed for Windows or
OpenGL2.x for the Mac with a compatible video card that meets the 
minimum Silverlight runtime requirements. The video cards and drivers
supported may change.

Enable GPU Acceleration 
To enable GPU acceleration, set the EnableGPUA cceleration ”ag to true in
the HTML page hosting your Silverlight plug-in:

<embed 
type="application/x-silverlight"
width="800"
height="800"
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windowless="false"
maxframerate="60"
source="anim.xaml"
EnableGPUA cceleration="true"

/>

Setting this flag may improve performance on some operating systems.
With no other changes to your application, this flag causes Silverlight to
continue rendering with the CPU; however, the display to the Web browser
or full-screen window is GPU accelerated. This GPU acceleration may 
eliminate some surface copies on some operating systems. 

You can read the value of the EnableGPUA cceleration ”ag to determine
if your application is currently getting GPU acceleration. For example, if
you set the ”ag to true with an unsupported graphics card, reading the ”ag
returns false.

Using the CacheMode Property
You can use the UIElement.CacheMode property to cache an element tree in
a video memory texture. Video memory is dedicated memory that the GPU
can access. After you cache a sub-tree as a texture, Silverlight can use the
GPU to accelerate transform, opacity, and clipping changes. 

The following sample shows how to cache an element sub-tree in XAML:

<Ellipse
Fill="Blue"
Canvas.Left="96"   
Canvas.Top="160"
Width="256" 
Height="224" 

>
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Ellipse>

At this point, Silverlight applies any changes to the transform, opacity,
or rectangular clip with the GPU. For example, this animation remains
entirely handled by the GPU:

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>
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<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard BeginTime="0" Duration="Forever">
<DoubleA nimation 
Storyboard.TargetName="ellipse" 
Storyboard.TargetProperty="(Canvas.Left)" 
From="96" 
To="200"  
A utoReverse="True" 
BeginTime="0:0:0" 
Duration="0:0:5" 
RepeatBehavior="Forever" 

/>
</Storyboard>

</BeginStoryboard>
</EventTrigger.A ctions>

</EventTrigger>
</Canvas.Triggers>

<!�� triangle ��>
<Path 
Fill="Green" 
Data="F1 M 128,12L 12,224L 224,224"

/>

<!�� GPU accelerated ellipse animation ��>
<Ellipse
Fill="Blue"
Canvas.Left="96"   
Canvas.Top="160"
Width="256" 
Height="224" 
x:Name="ellipse"

>
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Ellipse>

<!�� rectangle ��>
<Rectangle
Fill="Red"
Canvas.Left="230" 
Canvas.Top="288" 
Width="200" 
Height="200" 

/>

</Canvas>
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Setting the CacheMode property is a hint, and may not guarantee that 
Silverlight caches the element sub-tree as a texture or that Silverlight renders
the result with the GPU. For example, Silverlight renders element trees with
opacity mask, non-rectangular clips, perspective transforms, and shader
effects with the CPU even if the CacheMode property is set. If cache mode ”ags
are nested, the Silverlight runtime decides which element sub-trees to cache
and which to keep rendering in software. The CacheMode property has no
effect if the EnableGPUA cceleration ”ag is not set on the Silverlight plug-in.

When you set the CacheMode ”ag on an element sub-tree, the 
Silverlight runtime usually does the following:

€ Caches the contents behind the sub-tree in a texture

€ Caches the contents of the sub-tree in a texture

€ Caches the contents above the sub-tree in a texture

Silverlight draws these cached textures when it draws a frame.
The previous example would generate the layers shown in Figure 12.1.
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Figure 12.1: Example layers generated by CacheMode property



Elements marked with the CacheMode property have surfaces that 
Silverlight sizes exactly to the bounds of that element tree. However, 
Silverlight may size the background layer and the above layers signi“cantly
larger. For best memory usage, try to minimize the number of surfaces in your
content.

You can specify the resolution of the cached texture by setting the 
RenderA tScale property. For example, if you apply the following zoom 
animation, you will notice blurry rendering in the “nal frames of the 
animation as shown in Figure 12.2.

GPU Acceleration Features 257

Figure 12.2: Final frame of zoom animation

<Canvas 
xmlns="http://schemas.microsoft.com/client/2007" 
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

>
<Canvas.Triggers>
<EventTrigger RoutedEvent="Canvas.Loaded">
<EventTrigger.A ctions>
<BeginStoryboard>
<Storyboard BeginTime="0" Duration="Forever">
<DoubleA nimation 
Storyboard.TargetName="scaleTransform" 
Storyboard.TargetProperty="ScaleX" 
From="1" 
To="50"  
A utoReverse="True" 
BeginTime="0:0:0" 
Duration="0:0:5" 
RepeatBehavior="Forever" 

/>
<DoubleA nimation 
Storyboard.TargetName="scaleTransform" 



Storyboard.TargetProperty="ScaleY" 
From="1" 
To="50"  
A utoReverse="True" 
BeginTime="0:0:0" 
Duration="0:0:5" 
RepeatBehavior="Forever" 

/>
</Storyboard>

</BeginStoryboard>
</EventTrigger.A ctions>

</EventTrigger>
</Canvas.Triggers>

<Canvas.RenderTransform>
<TransformGroup>
<ScaleTransform 
x:Name="scaleTransform" 
ScaleX="1" 
ScaleY="1"

/>
</TransformGroup>

</Canvas.RenderTransform>

<!�� ellipse ��>
<Ellipse
Fill="Blue"
Width="10" 
Height="10" 
x:Name="ellipse"

>
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Ellipse>

</Canvas> 

To “x this problem, you can use the RenderA tScale property to increase
the scale of the cached texture resolution. For example, to “x the blurriness
in Figure 12.2, you can use the following RenderA tScale setting to get the
result shown Figure 12.3.

<Ellipse
Fill="Blue"
Width="10" 
Height="10" 

>
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<UIElement.CacheMode>

<!�� Make the surface cache 30 times larger ��>

<BitmapCache RenderA tScale="30"/> 
</UIElement.CacheMode>

</Ellipse>
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Figure 12.3: Final frame of zoom

animation with RenderAtScale

PERFORMANCE TIP
Using the RenderA tScale property signi“cantly increases the memory
requirements for a cached surfaced texture. For example, a value of 30
makes the surface cache 900 times larger. You should use the minimum
value of the RenderA tScale property possible to achieve suf“cient
image quality.

Diagnose Performance Problems
The most important indicators of your application performance are the
application framerate and the total memory usage. Extremely high mem-
ory usage can lead you to use more video memory than is available on the
graphics card. This causes the Silverlight runtime to fall back to rendering
on the CPU on some operating systems.



To see the framerate and memory usage, turn on the EnableFrame
RateCounter ”ag on the Silverlight plug-in to get the display shown in 
Figure 12.4.
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Figure 12.4: Framerate display

<embed 
type="application/x-silverlight"
width="800"
height="800"
windowless="false"
maxframerate="60"
source="anim.xaml"
EnableGPUA cceleration="true"
EnableFramerateCounter="true"

/>

If the framerate displays in the browser status bar instead of over your
plug-in window, you have failed to get GPU accelerated rendering because
either the graphics card or driver does not meet the requirements or you
did not set the EnableGPUA cceleration ”ag on the plug-in. 

The numbers displayed from left to right are

€ First block: Frames per second rendered.

€ Second block: Total memory usage.

€ Third block: Number of surfaces used including those created 
on elements you marked with a CacheMode hint and those that 
Silverlight created for content above or below those elements.

€ Fourth block: The number of surfaces created for content that is
above or below your cache hints„that is, the surfaces you did not
explicitly ask for with cache hints. This chapter refers to these sur-
faces as implicit surfaces.

In general, you want to keep the frames per second shown in the “rst block
at 60 or above while lowering memory usage and avoiding implicit surfaces. 

You can visually see implicit surfaces by turning on the EnableCache
Visualization ”ag on the Silverlight plug-in. Any colored content is content



that Silverlight draws to an implicit surface. Eliminating the colored content
produces lower memory usage and usually better performance.

For example, if you have this simple animation with the CacheMode
property set on the circle, you get the result shown in Figure 12.5.
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The square above
the circle also has
a texture because
the circle has
CacheMode set

Figure 12.5: Colored surface indicating an

implicit surface

<!�� ellipse ��>
<Ellipse
Fill="Blue"
Canvas.Left="96"   
Canvas.Top="80"
Width="256" 
Height="224" 
x:Name="ellipse"

>
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Ellipse>

<!�� rectangle ��>
<Rectangle
Fill="Gray"
Canvas.Left="230" 
Canvas.Top="200" 
Width="200" 
Height="200" 

/> 



The square shows up as a colored surface indicating that Silverlight is
drawing it to an implicitly created surface. The reason Silverlight creates a
surface for the square is that caching the circle requires that Silverlight also
cache the content above the circle. If you modify your input by marking
that square as cached, you get the result shown in Figure 12.6.
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Figure 12.6: Optimized circle animation with less

memory usage

<!�� ellipse ��>
<Ellipse
Fill="Blue"
Canvas.Left="96"   
Canvas.Top="80"
Width="256" 
Height="224" 
x:Name="ellipse"

>
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Ellipse>

<!�� rectangle ��>
<Rectangle
Fill="Gray"
Canvas.Left="230" 



Canvas.Top="200" 
Width="200" 
Height="200" 

> 
<UIElement.CacheMode>
<BitmapCache/> 

</UIElement.CacheMode>
</Rectangle>

Caching the square caused the memory usage to go down from 
10 megabytes to 6 megabytes. The implicit surface counter shown in 
the fourth block also went down from one to zero. The reason the 
memory usage went down is that surfaces with the CacheMode property
set generate textures just large enough for their content, and surfaces
created automatically for content above a CacheMode flag can be larger
than the contents. If the square had been animating, this change would
have also resulted in a lower CPU usage. Generally, you want to 
eliminate as many of the tinted surfaces as possible to improve your 
performance.

Under the Hood

GPU acceleration in Silverlight involves four stages that affect your 
application:

1. Creates a DirectX or OpenGL graphics device to access the GPU 

2. Allocates video memory for GPU composition 

3. Populates the textures with software rendered content

4. Draws the textures in a GPU composition pass on each frame draw

Graphics Device Creation
To access the GPU and display content to the screen, it is necessary to 
create a graphics device on the target operating system and allocate a back
buffer with enough memory to draw a frame of graphics. On Windows, 
Silverlight uses DirectX 9.0c, whereas on Mac, Silverlight uses OpenGL 2.x. 

Device creation can fail due to lack of resources, terminal server, or a
number of other transient conditions. Silverlight cannot guarantee GPU
acceleration in all cases.
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Texture Creation
Although a CPU can access system memory, a GPU can typically access
only dedicated memory called video memory. Sometimes, this memory is
physically a separate set of memory chips that often have larger memory
bandwidth than system memory. However, sometimes this memory is just
a specially allocated section of system memory. In either case, Silverlight
must allocate this memory separately. 

The back buffer created for your control during device creation is in
video memory, but any surfaces Silverlight decides to allocate for GPU
composition must also be in video memory. Silverlight allocates these sur-
faces during a render tree walk when it encounters cache mode ”ags. If
there is insuf“cient video memory for the allocation to succeed, Silverlight
redraws the entire frame using the software rasterizer and ignores your
cache mode ”ags. Consequently, it is important to keep video memory allo-
cation to a minimum to maximize the number of users who can see your
content GPU accelerated.

Technical Insight
Some operating systems such as Windows Vista and MacOS have a cross
process video memory manager that moves textures to system memory
when video memory is full. However, older operating systems such as 
Windows XP or Windows 2000 or older drivers on Windows Vista do not
support this functionality. On these older devices, any application 
consuming video memory resources may cause your application to fail to
be GPU accelerated due to lack of video memory resources.
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PERFORMANCE TIP
With some operating systems and graphics drivers, creating a DirectX
or OpenGL device can take as long as 300 milliseconds. This time con-
sequently increases the startup time of your application and consumes
system resources. You should only use GPU acceleration in the cases
that truly require it to avoid using resources unnecessarily.



Rendering Stages with GPU Acceleration Enabled
When you enable GPU acceleration, Silverlight draws each frame with the
following stages:

1. Evaluates animation changes.

2. Checks for any property changes. If no changes are present, 
Silverlight does no work for the current frame.

3. Ensures all texture contents are valid. If content of a cached sub-tree is
dirty, Silverlight uses the software rasterizer discussed in Chapter 3 to
update the contents of that texture. If contents of an implicit texture are
dirty, Silverlight also updates those contents with the software rasterizer.

4. Draws all textured surfaces with transforms, opacities, and clips
with the GPU. 

To keep your animation or interactive scenario completely GPU accel-
erated, avoid making changes that would cause the contents of the texture
to become invalid. 

Multiple Monitors
If your computer has multiple graphics adapters, Silverlight picks one
graphics adapter and does all rendering with that one adapter. If you move
your Silverlight window to a monitor that uses a different adapter, the
operating system transfers the rendered frame to the other adapter. This
transfer can be a slow operation. 

In full-screen scenarios, Silverlight uses the graphics adapter that 
corresponds to the location of the full-screen window to maximize 
full-screen performance.

Where Are We?

This chapter discussed the following:

€ The Silverlight GPU acceleration principles 

€ How you can properly use GPU acceleration in your applications to
get the maximum performance bene“t

€ How Silverlight GPU acceleration works •under the hoodŽ
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Applications (continued)
element tree, 36
event system, 37
layout system, 38…39
libraries, 12…13
out of browser, 20…21
overview of, 11
plug-in and, 33…34
principles, 11
rendering, 39
runtime architecture, 32…33
security, 14
Web deployment and out of browser

operation, 12
XAML custom classes, 27…30
XAML event handlers, 26…27
XAML file for constructing application

objects, 22…23
XAML namespace, 23…24
XAML parser, 35
XAML type converters, 24…26
XAP packages and, 30…31

A ppManifest.xml file, 15…17
A rrangeOverride method, WrapPanel

class, 173
Artifacts

of animation, 134
of anti-aliasing, 87…88

ASX (Advanced Streaming Redirector)
media delivery and, 179
as media source, 182…183

Asynchronous firing of events, 129
Audio

capabilities in Silverlight, 8…9
formats, 9, 179, 182

Automatic application resize, 156…157
Automatic sizing and positioning

layout elements for, 159
overview of, 154…155

B
background property, Silverlight 

plug-in, 33
BeginTime property, managing animations

on timeline, 144
Bilinear filtering

GPU and, 252
graphics and, 88…92

Binding modes, 219…221
Binding object

connecting data sources to elements, 215…217
controlling synchronization and, 220
how it works, 229…230

BindingExpression, 229…230
Bit-rate streaming, 177, 179
Bitmap images

compared with vector graphics, 41…42
scaling, 42…43

blur( ) method, focus and, 116
BlurEffect

built-in effects, 234…235
performance and, 250
running, 249

Bold format, text, 104
Border element

automatic sizing and positioning of
elements, 154, 155

overview of, 159…160
Broadcast streaming

Silverlight supporting, 177, 179
sources for, 191

Brushes
adding color to text, 105
animating color, 150
converting from Priority type to Brush

type, 225…226
dashes added to strokes, 71…72
gradient brushes, 65…68
image brushes, 68…69
opacity and, 79
overview of, 62
solid color brush, 63…64
strokes and, 69…71

BufferingProgress, MediaElement, 187
Built-in controls

customizing, 198, 207…209
list of, 196…197

Built-in effects, 234
Button element

adding button to XAML file, 15
positioning, 155
as subclass of ContentControl element,

204…206
Buttons

adding button to XAML file, 15
creating custom controls, 207…209
pulsing, 131
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C
C#

CLR for writing code in, 2
defining event handler for input events, 119
writing application code, 5, 36

CacheMode property, UIElement, 254…259
Caching glyphs and character related

information, 112
Canvas element
BlurEffect nested in, 249
creating custom XAML elements, 27…28
limitations of and when to use, 158…159
measure and arrange passes and, 176
opacity and, 79
overview of, 72
positioning elements with, 158
RenderTransform example, 73

ClearType
readability of text and, 113
support in Silverlight 3, 99

Clipping, graphics display area, 77…78
Closed captioning, 178
CLR (Common Language Runtime)

data sources and, 214
options for writing application code, 36
writing code in C# or Visual Basic, 2
writing Silverlight code in, 7

Code
execution, 12…13
writing application code, 5, 36
writing code in C# or Visual Basic, 2
writing code using CLR, 7

Collections, binding with ItemsControl,
221…224

ColorA nimation element, 140…141
Colors

adding to text, 105
animating brush color, 150
solid color brushes, 64

ColumnDefinition properties, Grid
element, 164…165

Comboboxes, binding data to, 223…224
Common Language Runtime. See CLR

(Common Language Runtime)
Connections, data source, 214
Content delivery, media, 178…179
Content property, ContentControl

element, 199…201
ContentControl element

Button element as subclass of, 204…206
creating custom control by inheriting

from, 207
data binding and, 203
overview of, 199…201

ContentPresenter element, 200
Control base class, 195
Controls

adding to media players, 183…187
built-in, 196…197
ContentControl, 199…201, 203
custom, 198
custom controls for input events, 117
customizing built-in, 207…209
elements, 198…199
focus of, 127
GoToState method of visual state

manager, 210…211
instantiation of, 209…210
ItemsControl, 201…203
keyboard event handlers, 126
overview of, 195…196
principles, 196
review, 211
Silverlight 3 features, 9
in Silverlight toolkit, 197
sliding menu of, 131
styling, 206…207
UI controls in applications, 13
VisualStateManager and, 203…206

CornerRadius property, 160
CPUs

access to system memory, 264
GPU capable of higher fill rates than

CPUs, 252
multi-core rendering, 94…95
SIMD (Single Instruction Multiple Data)

and, 234
Cross platform

applications, 13
graphics, 47
input events, 117
Silverlight and, 5…6
text, 98

CurrentStateChanged event handler, 186
Cursors, flashing, 131
Custom

animation, 135…136
easing functions, 147



Custom (continued)
fonts, 106
layout, 169…173
XAML classes, 27…30

Custom controls
creating, 198
for input events, 117

D
Dashes, added to strokes, 71…72
Data binding

automatic connection and synchronization
and, 214

binding collections, 221…224
Binding object and, 229…230
connecting data to elements, 215…218
ContentControl element and, 203
data sources and, 214
data synchronization and binding modes,

219…221
data validation and, 227…228
DataContext inheritance, 218
declarative XAML model and, 214…215
element to element binding, 228…229
ItemsControl element and, 203, 230…231
overview of, 213
principles, 213…214
review, 230
Silverlight 3 features, 9
value converters and, 225…227

Data files, XAPs (deployment packages)
and, 30

Data services, 13
Data sources

connecting to elements, 215
creating collection-based data source,

222…223
for data binding, 214

Data synchronization
automatic connection and

synchronization, 214
data binding and, 219…221

Data validation, 227…228
Data values, converters for, 225…227
DataContext property
FrameworkElement, 215…216
inheritance and, 218

DateTime object, time format in, 137

Debugging, HLSL pixel shader, 244…245
Declarative XML instantiation language.

See XAML
Deep Zoom Composer

creating images in deep zoom format, 7
tools for creating Silverlight content, 1

Dependency properties, binding parameters
to, 245…246

Deployment
deploying applications, 12
Web deployment of Silverlight

applications, 3
Deployment packages. See XAPs

(deployment packages)
Deployment.OutOfBrowserSettings

property, 21
Designers, collaboration in application

development, 13
Developers, collaboration in application

development, 13
Development, ease of Silverlight

development, 5
Digital Rights Management (DRM)

media delivery and, 179
media source and, 182

Direct X
HLSL (High Level Shader Language) pixel

shader. See HLSL (High Level Shader
Language) pixel shader

prerequisites for GPU acceleration, 253
for use with Windows OSs, 263

Display
clipping display area, 77…78
connecting video markers to application

display, 189…190
Dots per inch (DPI), image formats and, 62
Double, type conversion, 25…26
DoubleA nimation element
BeginTime property, 144
linear interpolation based on From and To

values, 140…141
overview of, 137

DoubleA nimationUsingKeyFrames
element, 141…142

Downloader, application, 34…35
DownloadProgress, MediaElement, 187
DPI (dots per inch), image 

formats and, 62
Draw loop process, in graphics, 82…83
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DRM (Digital Rights Management)
media delivery and, 179
media source and, 182

Dropout control, readability of 
text and, 113

DropShadowEffect
built-in effects, 234…235
performance and, 250
running, 249

Durations, animation, 137

E
EaseMode properties, 146
Easing functions

creating custom, 147
list of, 146
for nonlinear interpolation animations,

144…146
East Asian fonts, 98, 106
Effect property, UIElement, 234, 238
Effects. See also HLSL (High Level Shader

Language) pixel shader
applying, 234…235
BlurEffect and DropShadowEffect, 249
built-in, 234
creating, 236
elements, 234
overview of, 233
principles, 233
real-time speed, 233…234
review, 249
Silverlight 3 features, 7
surface generation, 248

Element tree, applications, 36
Elements

animation, 136…138
binding data to, 215…218
changing size, 151
connecting data sources to, 215
control, 198…199
effect, 234
element to element data binding, 228…229
graphics, See Graphics
layout, 158
media, 180
text, 99…100

Ellipses
animation changing rectangle into, 143…144

creating custom XAML elements, 27…28
drawing, 50…51
element tree model when drawing, 36
limiting HLSL pixel shader to ellipse shape,

239…240
stroke widening process applied to, 70

EnableCacheVisualizaion flag, on 
plug-in, 260

EnableFrameRateCounter flag, on plug-in,
260

EnableGPUA cceleration flag, on plug-in,
253…254

EvenOdd rule, fill rules, 59, 61
Event bubbling, mouse, 124…125
Event handlers
CurrentStateChanged event

handler, 186
delegating control actions to event

handlers, 184
keyboard, 126
MarkerReached event handler, 189…190
mouse, 120
options for input events, 118…119
XAML, 26…27

Events
application, 37
input. See Input events
layout, 173…174
startup and exit, 18
triggers responding to, 137

Exit event, saving state when leaving
applications, 18

Expression Blend
creating Silverlight content, 1
creating Silverlight graphics, 7, 47
customizing controls, 198
editing application layout and graphic

design, 13
editing XAML with, 18
Silverlight development and, 5

Expression Design
creating Silverlight content, 1
as Silverlight graphics tool, 7, 47

Expression Media Encoder
connecting video markers to application

display, 189
creating Silverlight content, 1
generating default media player with, 180

Index 271



F
Figure element, Shapes, 58
File formats

audio files, 9
image files, 62

Fill property, Shape element, 48
Fills

fill rules for shapes, 58…61
solid color brushes, 63

Filters, bilinear, 88…92
Flashing cursors, 131
float types, HLSL pixel shader and, 240
Floating-point parameter, defining for

effects, 245
Focus

controlling keyboard focus, 127
releasing/calling, 116

FontFamily property, 106
Fonts

caching and, 112
cross-platform consistency, 98
downloading, 111…112
enumerating font files, 110…111
fallback list, 111
FontFamily and FontSize properties,

106…107
FontWeight and FontStyle properties,

104…105
readability and, 99
XAPs (deployment packages) and, 30

FontSize property, 106…107
FontStyle property, 104…105
FontWeight property, 104…105
Foreground property, adding color to

text, 105
Formats

audio files, 9
image files, 62

Formats, time, 137
Formatting text, 103…105
Frame-based animation, vs. time-based,

132…134
Framerates, diagnosing performance

problems, 259
Frames per second, setting property change

speed for animation, 149
FrameworkElement
DataContext property, 215…216

SetBinding property, 229
Full screen

adding capability to video player, 188…189
delivering full screen experience, 179…180
performance and, 189

fxc.exe, DirectX compiler, 237

G
Gamma correction, for anti-aliased text, 113
Gaussian blur, BlurEffect, 235
GDI (Graphics Device Interface), 99
Geometry

converting to pixels, 83
type conversion, 25…26

GetPosition method, for information on
mouse position, 123…124

Glyphs element
for advanced typography, 97
caching glyphs, 112
displaying mathematical formula with,

107…110
font download, 111…112
function of, 107
OriginY property, 110
uniform scaling, 98…99

GoToState method, of
VisualStateManager, 207…211

GPU acceleration
better performance with, 252
CacheMode property, 254…259
creating graphic devices and, 263
diagnosing performance problems, 

259…263
enabling, 253…254
image quality and, 252
multiple monitors and, 265
overview of, 251
prerequisites for, 253
principles, 251…252
rendering stages when enabled, 265
review, 265
Silverlight 3 features, 7
stability and, 252…253
video memory allocation and, 264
video performance and, 189

GPU (graphics processing unit)
bilinear filtering and, 252
rendering graphics with, 251
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GPU (continued)
video memory and, 254

Gradient brushes
focal, 67
linear, 65…66
radial, 66…67
SpreadMethod property, 68

Graphic devices, creating, 263
Graphics

3D transforms, 75…77
animation, 8
balancing image quality and speed, 47…48
bilinear filtering, 88…92
brushes, 62
Canvas element, 72
clipping, 77…78
cross platform consistency, 47
dashes added to strokes, 71…72
draw loop process, 82…83
ellipses, 50…51
fill rules, 58…61
getting content to screen, 95
gradient brushes, 65…68
image brushes, 68…69
images, 61…63
immediate mode API, 43…44
incremental redraw, 92…94
library, 12
lines, 51…55
multi-core rendering, 94…95
occlusion culling, 94
opacity, 79
OpacityMask property, 79…81
overview of, 41
Path element, 55…58
principles, 41
rasterization, 83…88
rectangles, 48…50
retained mode API, 43…47
review, 96
shapes, 48
Silverlight 3 features, 7
solid color brush, 63…64
strokes, 69…71
tools for, 47
transforms, 73…75
vector graphics and bitmap images, 41…43

Graphics adapters, multiple monitors 
and, 265

Graphics Device Interface (GDI), 99
Graphics drivers, 252…253
Graphics processing unit. See GPU (graphics

processing unit)
Grid element, 162…167

arranging Button elements in grid pattern,
162…163

centering TextBlock in cell of, 166
as child of another element, 163…164
having single element span multiple

columns or rows, 163
positioning elements in grid pattern, 162
setting maximum widths and heights, 167
specifying row/column widths/heights,

164…165
text layout and, 103

H
H264 video

media delivery and, 178
as media source, 182
Silverlight 3 media features, 9, 177

HD video, 8, 177
Height property

automatic sizing and positioning of
elements, 174

ImageElement, 62
MediaElement, 181

High Level Shader Language. See HLSL (High
Level Shader Language) pixel shader

Hinting, TrueType program for, 112
Hit-testing, mouse events, 125…126
HLSL (High Level Shader Language) pixel

shader
applying, 237…238
binding parameters to dependency

properties, 245…246
code for, 236
compiling, 237
debugging, 244…245
defining inputs to, 242…243
functions of, 236
image distortion effect, 247
limiting effect to ellipse, 239…240
list of common functions, 240…242
Mask property applied to image brush,

243…244
tex2D function, 240
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HorizontalA lignment property, Grid
element, 166

HTML controls, Silverlight controls
compared with, 9

HTML page
application components, 16
in structure of Silverlight applications, 20
Web deployment of Silverlight

applications, 12

I
Illustrator (Adobe), exporter for XAML 

files, 47
Image distortion effect, HLSL pixel shader,

247
Image element

applying effect directly to, 249
overview of, 61…63
video samples compared to, 191

ImageBrush element
Mask property applied to, 243…244
overview of, 68…69
VideoBrush compared with, 191

Images
balancing image quality and 

speed, 47…48
bitmap images, 41…43
GPU acceleration improving image 

quality, 252
resolving seaming problems due to 

non-integer positioning, 168…169
scaling, 42…43

Immediate mode graphics API
compared with retained mode, 45
overview of, 43
removing rectangle with, 44

Incremental redraw, graphic 
objects, 92…94

Inheritance
DataContext property and, 218
TextBlock element and, 105

Initialization, XAML parser and, 35…36
INotifyCollectionChanged, 230
INotifyPropertyChanged, 219…220
Input events

accessibility and, 127
asynchronous firing, 129
controlling keyboard focus, 127
cross-platform consistency, 117

custom controls, 117
event handler options for, 118…119
hit-testing mouse events, 125…126
keyboard event handlers, 126
keyboard event process, 129
mouse capture, 119…124
mouse event bubbling, 124…125
mouse event handlers, 120
mouse event process, 128
multiple languages and, 118
overview of, 115
principles, 115…116
receiving Web browser events, 116…117
review, 130
Silverlight 3 features, 8

Instantiation
of controls, 209…210
XAML parser and, 35

Internet Explorer, 35. See also Web browsers
Interpolation animations

easing functions for nonlinear animation,
144…146

linear interpolation based on From and
To values, 140…141

overview of, 140
IsHitTestVisible property, 126
Italic format, text, 104
Items collection, 202
ItemsControl element

binding data to collections, 221…224
binding data to comboboxes, 223…224
binding data to lists, 222, 230…231
creating custom control by inheriting

from, 207
data binding and, 203
data validation and, 227
overview of, 201…203

ItemsPanel element, 202
ItemsPresenter element, 202
ItemsSource property, ItemsControl

element, 222, 230
ItemsTemplate property, 202
IValueConverter, converting from

Priority type to Brush type, 225…226

J
JavaScript, accessing application libraries

from, 5
JPG image format, 62
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K
Keyboard

asynchronous firing, 129
controlling focus, 127
cross-platform consistency, 117
delegation to appropriate element, 117
event handlers, 126
input events and, 8
multiple language support, 118
process of, 129
receiving Web browser events, 116

KeyDown event handler, 126, 129
Keyframe animations

animation between different objects,
143…144

discrete key frame animation without
interpolation, 142…143

DoubleA nimationUsingKeyFrames
element, 141…144

overview of, 140
KeyUp event handler, 126, 129

L
Language Integrated Query (LINQ), 214
Languages, multiple language support, 118
Layout

algorithm for, 174
application layout, 38…39
automatic sizing and positioning, 154…157
Border element, 159…160
building custom, 169…173
Canvas element, 158…159
changing element size, 151
elements, 158
events, 173…174
Grid element, 162…167
overview of, 153
performance tips for, 176
principles, 153…154
readability of text and, 99
review, 176
rounding, 167…169
scale independence, 157
Silverlight 3 features, 8
StackPanel element, 161
steps in, 175
TextBlock element, 100…103

LayoutUpdated event, 173…174

Libraries, Silverlight, 12…13
Linear gradient brushes, 65
LineBreak element, TextBlock

element, 101
Lines, drawing, 51…55
LINQ (Language Integrated Query), 214
LINQ to SQL, 214
LINQ to XML, 214
Linux, 5…6
List controls, ItemsControl element for,

201…203
ListBox element

data binding and, 231
implementing, 199

Lists, binding data to, 222
Live broadcast streaming. See Broadcast

streaming
Loaded event trigger

overview of, 137
starting an animation with, 138

M
Mac OSs

keyboard shortcuts and, 117
prerequisites for GPU acceleration, 253
Silverlight cross platform support, 5
video memory managers, 264

MarkerReached event handler, 189…190
Markers, connecting video markers to

application display, 189…190
Mask property, applied to image brush,

243…244
MaxFrameRate, draw loop process and, 82
MaxWidth and MaxHeight properties, Grid

element, 167
MeasureOverride method, WrapPanel

class, 170, 173
Media

adding controls to media players, 183…187
connecting video markers to application

display, 189…190
content delivery, 178…179
creating media players, 180
elements, 180
full screen capability, 179…180, 188…189
integrating with other application

content, 178
media players, 191…192
overview of, 177
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Media (continued)
playing video, 180…183
principles, 178
review, 193
sources, 190…191
video and audio capabilities in

Silverlight, 8…9
video effects and transitions, 187…188
writing media applications, 4…5

Media players
adding controls to, 183…187
adding full screen capability to video

player, 188…189
creating, 180
steps in operation of, 191…192

MediaElement
applying effect directly to, 249
delegating control actions to event

handlers, 184
displaying contents of, 180
playing video with, 180…181
Position property, 187

Memory
allocation, 264
CPU vs. GPU access, 264
diagnosing performance problems, 259
video memory, 254

Menus, sliding menu of controls, 131
Microsoft

LINQ (Language Integrated Query), 214
Windows (OSs). See Windows OSs
Word, 107

MinWidth and MinHeight properties, Grid
element, 167

Mip-maps
effect surface generation and, 248
scaling and, 92

Mode property, Binding object and, 220
Moonlight project, Novell, 5…6
Motion blur, reducing jumpy quality of

animation with, 134
Mouse

asynchronous firing of events, 129
capture, 119…124
cross-platform consistency, 117
delegation to appropriate element, 117
event bubbling, 124…125
event handlers, 120
hit-testing, 125…126

input events and, 8
process of, 128
receiving Web browser events, 116
starting animation in response to mouse

event, 138…139
MouseEnter events, 122…123
MouseLeave events, 122…123
MouseLeftButtonDown event handler,

120…122
MouseLeftButtonUp event handler, 120…122
MouseMove events, 122…123
MouseWheel event handler, 119
MP3 audio format, 9
MPEG audio format

media delivery and, 178…179
media source and, 182

Multi-core rendering, graphics, 94…95
Multiple monitors, GPU acceleration

and, 265

N
Namespace, XAML, 23…24
.NET CLR. See CLR (Common Language

Runtime)
Networking

retrieving data for client-side
applications, 13

Silverlight 3 features, 9
NonZero rule, fill rules, 59…61
NotifyOnValidationError, 227…228
Novell Moonlight project, 5…6

O
Objects
Binding object, 215…217, 220, 229…230
constructing application objects with

XAML, 18…20, 22…23
DateTime object, 137
incremental redraw, 92…94
keyframe animations between, 143…144

Occlusion culling, graphics, 94
Opacity

changing element opacity, 150…151
overview of, 79

Opacity property
exceptions to visibility rule in 

hit-testing, 126
passing to pixel shader, 245…246
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OpacityMask property, 79…81
OpenGL2.x, 253, 263
Orientation property, StackPanel

element, 161
OSs (operating system)

cross platform support, 5…6, 13
Mac OSs. See Mac OSs
multiple languages support, 118
Windows (OSs). See Windows OSs

P
Padding property, 160
Panel class,WrapPanel derived from, 170
Parser, XAML, 35
Path element

extending Shape element, 55…57
mini-language commands, 57

Pause operation, media players, 184
Performance

animation and, 136
BlurEffect and DropShadowEffect

and, 250
diagnosing performance problems, 259…263
GPU acceleration and, 189, 252
isolating slowest changing properties in

animation, 149
layout and, 176
Web browsers and, 34
XAPs (deployment packages) benefits, 31

Pixel shader. See HLSL (High Level Shader
Language) pixel shader

Pixels
converting geometry to, 83
GPU capable of higher fill rates than

CPUs, 252
uniform scaling and, 99

Plug-in, Silverlight
EnableCacheVisualizaion flag on, 260
EnableFrameRateCounter flag on, 260
EnableGPUA cceleration flag on, 253…254
hosting with windowless=false, 121
as primary entry point for Silverlight, 33…34
releasing/calling focus, 116
setting focus, 127

PNG image format, 62
Point sizes, fonts, 107
Point, type conversion, 25…26
PointA nimation element
BeginTime property, 144

linear interpolation based on From and
To values, 140…141

Position property, MediaElement, 187
Positioning elements, layout, 155
Prerequisites, for GPU acceleration, 253
Principles

animation, 132
application, 11
control, 196
data binding, 213…214
effect, 233
GPU acceleration, 251…252
graphic, 41
input event, 115…116
layout, 153…154
media, 178
Silverlight, 2…3
text, 98

Progress indicator, playing video and, 181
Progressive download

Silverlight supporting, 177, 179
sources for, 190…191

Projections, 3D transforms, 75
Property callback method, 245
Property change speed

changing quickly for animation
performance, 136

changing values over time for smooth
animation, 134…135

setting for animation, 149…151

Q
Quality, balancing image quality and

speed, 47…48
Query languages, 214

R
Radial gradient brushes, 66…67
RadiusX and RadiusY properties, for

rounding corners of rectangles, 50
Rasterization, 83…88

anti-aliasing and, 85…86
artifacts of anti-aliasing, 87…88
effect surface generation and, 248
occlusion culling and, 94
readability of text and, 99, 112…113
sampling and, 83…85

Readability, rendering text for, 99
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Real-time speed, effects, 233…234
Rectangles

automatic sizing and positioning, 174
changing to ellipse, 143…144
drawing, 48…50

Red, green, blue (RGB) color, 64
Redrawing objects, incremental

redraw, 92…94
RenderA tScale property, 257…259
Rendering

applications, 39
cross platform consistency, 47
multi-core rendering, 94…95
text for readability, 99

RenderTransform, Canvases, 73
RepeatBehavior property, managing

animations on timeline, 144
Resources, performance tips for, 34
Retained mode graphics API

compared with immediate mode, 45
options for constructing, 46…47
overview of, 43
removing rectangle with, 44

RGB (red, green, blue) color, 64
RIAs (rich Internet applications), 4…5
Rich Internet applications (RIAs), 4…5
RotateTransform, 73
Rotation

shapes, 150
transforms for, 73

Rounding layout sizes, to resolve seaming
problems, 167…169

RowDefinition properties, Grid element,
164…165

Runtime architecture, applications, 32…33
RuntimeVersion property, Silverlight

versions, 17

S
Sampling

converting geometry to pixels, 83…85
converting time-based animation into

frames, 134
Scalable vector graphics (SVG), 4
ScaleTransform, 73
Scaling

bilinear filtering and, 91…92
mip-mapping and, 92
scale independent layout, 157

shapes, 150
text, 98…99
transforms for, 73

Screen
animation, 151
getting graphic content to, 95

scRGB colors, 64
SDK (Software Development Kit)
DateTime object, 137
using Visual Studio with, 5

Security
applications, 14
Silverlight, 3…4

SetBinding property,
FrameworkElement, 229

Setter elements, setting styles with, 207
Shapes

changing position of (animation), 150
ellipses, 50…51
Figure element, 58
fill rules, 58…61
lines, 51…55
path element, 55…58
rectangles, 48…50
rotating or scaling, 150
Shape element, 48
transforms for, 73

Silverlight overview, 1…10
cross platform support, 5…6
ease of development, 5
introduction to, 1…2
media and rich Internet applications, 4…5
principles, 2…3
review, 10
security, 3…4
Silverlight 3 features, 6…9
Web deployment, 3

SIMD (Single Instruction Multiple Data), 234
SizeChanged event, layout events, 173…174
Sizing elements

automatic application resize, 156…157
changing element or text size, 151
layout, 154…155

Skews, transforms for, 73
Software Development Kit (SDK)
DateTime object, 137
using Visual Studio with, 5

Solid color brush, 63…64
source parameter, XAP package, 16
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Source property
images, 62
MediaElement, 182, 190…191
Silverlight plug-in, 33

Sources, for data binding, 214
Speed, balancing image quality with, 47…48
SpreadMethod property, Gradient

brushes, 68
sRGB colors, 64
Stability, GPU acceleration and, 252…253
StackPanel element

arranging elements in horizontal or vertical
stacks, 161

positioning elements, 155
resolving seaming problems due to non-

integer positioning, 168…169
text layout and, 103

Startup event handler, 18
Stop operation, media players, 184
Stop( ), Storyboard element, 144
Storage services, storing local state with, 13
Storyboard element
BeginTime property, 144
list of animations to run, 137
Stop( ) method, 144

Streaming media
Silverlight 3 media features, 177
sources for, 190…191

String, type conversion, 25…26
Strokes

adding dashes, 71…72
changing display of, 150
drawing lines, 51
drawing rectangles, 49
drawing shapes, 48
overview of, 69
solid color brushes, 63
widening process, 70…71

Style element, controls, 206…207
Subpixel positioning, text characters, 99
Surface generation, effects, 248
SVG (scalable vector graphics), 4
Synchronization. See Data synchronization

T
Tab operations, setting focus via, 127
Template property
ContentControl element, 199…201
ItemsControl element, 202

Templates
ContentControl element, 199…201
control templates, 210
ItemsControl element, 202

Tex2D function, HLSL pixel shader, 240
Text

animation of, 107, 150
caching and, 112
changing size, 151
cross-platform consistency, 98
elements, 99…100
exceptions to visibility rule in 

hit-testing, 126
font download, 111…112
font enumeration, 110…111
font fallback list, 111
fonts, 106…107
formatting, 103…105
Glyphs element, 107…110
layout, 100…103
layout sizing and, 156
overview of, 97…98
principles, 98
rasterization and, 112…113
rendering for readability, 99
review, 113
scale independent layout, 98…99, 157
Silverlight 3 features, 7…8
subpixel positioning of text

characters, 99
TextA lignment property, text layout, 103
TextBlock element
Border element and, 159…160
centering within grid cell, 166
displaying paragraph of text with, 100
enumerating font files/families, 110…111
font download, 111…112
font fallback list, 111
fonts, 106…107
formatting text, 103…105
layout of text, 100…103
overview of, 97
Style element, 207
uniform scaling, 98…99

TextBox element
font fallback list, 111
mapping several keys to single key, 129
multiple language support, 118
text editing with, 97
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TextDecorations property, TextBlock
element, 104…105

TextWrapping property, TextBlock
element, 100…101

Time-based animation, vs. frame-based,
132…134

Time formats, 137
Timelines, animation and, 145
Timers

setting up in animation, 148
window.setInterval, 134…135

Toolkit, controls in, 197
Transforms

3D transforms, 75…77
animating brush transform, 150
overview of, 73…75

Transitions, video, 187…188
TranslateTransform, 73
Transparent backgrounds

causing slowdown of animation, 151
windowless=true and, 96

Triangles, stroke widening process
applied to, 71

Triggers collection, Canvas element, 137
Triggers, responding to events, 137
TrueType, 112
Type converters, XAML, 24…26

U
UI (user interface)

animation and, 131
defining UI controls, 183…184
using UI controls, 13

UIElement
CacheMode property, 254…259
Effect property, 234, 238
OpacityMask property, 79

Underlining text, 104
URI, referencing components in 

XAPs, 30…31
User interface. See UI (user interface)
UserControl element

building control derived from, 195
control instantiation and, 209…210

V
ValidateOnExceptions flag, 227…228
Value converters, data binding and, 225…227

VC1 decoder, 9, 178
Vector graphics

compared with bitmap images, 41…42
scaling, 42…43

Versions, RuntimeVersion property, 17
VerticalA lignment property, Grid

element, 166
Video

adding full screen capability to video
player, 188…189

decoders, 5…6
delivering full screen experience, 179…180
effects and transitions, 187…188
memory allocation, 264
playing video, 180…183
Silverlight capabilities, 8…9

Video markers, connecting to application
display, 189…190

Video memory
diagnosing performance problems, 259
GPU access to, 254, 264

Video memory managers, 264
VideoBrush

compared with ImageBrush, 191
displaying MediaElement contents, 180
effects and transitions, 187…188

Visual Basic, 2, 5
Visual Studio

creating Silverlight applications 
with, 14…15

Silverlight development and, 5
tools for creating Silverlight content, 1
writing application code, 13

VisualStateManager
customizing built-in controls, 203…206
GoToState method of, 207…211
overview of, 195

W
Web browsers

cross platform support, 13
delivering full screen experience, 179…180
downloading through, 35
graphics and media limitations of, 4…5
keyboard events and, 129
mouse events and, 128
performance tips for, 34
receiving Web browser events, 116…117
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Web browsers (continued)
taking applications out of browser, 12, 20…21
text and, 98

Web deployment
hosting applications on Web pages, 12
of Silverlight applications, 3

Web pages
deploying applications from, 14
hosting applications on, 12
improving loading times, 34

Web sites, designer/developer collaboration
and, 13

Width property
automatic sizing and positioning of

elements, 174
Grid element, 165
ImageElement, 62
MediaElement, 181
TextBlock element, 100…101

windowless=false
hosting Silverlight plug-in with, 121
receiving Web browser events and, 116
for smooth animation, 151

windowless=true
receiving Web browser events and, 116
transparent backgrounds and, 96

Windows Media Audio. See WMA (Windows
Media Audio)

Windows Media Server, 191
Windows Media Video. See WMV (Windows

Media Video)
Windows OSs

GDI (Graphics Device Interface), 99
keyboard shortcuts and, 117
prerequisites for GPU acceleration, 253
Silverlight cross platform support, 5
video memory managers, 264

windows, resizing, 156
window.setInterval, changing property

values over time, 134…135
WMA (Windows Media Audio)

media delivery and, 179
media source and, 182
Silverlight 3 audio formats, 9

WMV (Windows Media Video)
Silverlight 3 video formats, 177
with VC1 decoder, 178

Word, Microsoft, 107
WrapPanel class, 169…173

Wrapping text, 100…101
WYSIWYG tools, editing XAML with, 18

X
XAML

adding status field and name to
controls, 185…186

connecting data sources to elements,
216…217

connecting event handlers to input
events, 118…119

constructing application objects, 22…23
constructing application objects with, 18…20
custom classes, 27…29
customizing controls, 198
data binding and, 214…215
defining element content, 29…30
defining UI controls, 183…184
event handlers, 26…27
exporters, 47
for graphics and layout, 13
namespace, 23…24
type converters, 24…26
visual display of Silverlight

application as, 5
XAPs (deployment packages) and, 7, 30

XAML parser, 35
XAPs (deployment packages)

application deployment and, 12
application structure and, 20
downloader, 34…35
packing XAML files, data files, and

manifests as, 30…31
performance benefits of, 31
placing fonts in, 112
in Silverlight application model, 7

XML
data sources, 214
declarative. See XAML

XPS printer driver
exporter for XAML files, 47
support for Glyphs element, 107

Z
ZIP files, 20. See also XAPs (deployment

packages)
Zoom, creating images in deep zoom 

format, 7
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