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Introduction

Those of us who are Microsoft developers can't help but notice that .NET has received a fair amount of visibility over the
last year or so. This is quite surprising considering that for most of this period, .NET has been in its early infancy and
beta versions. I can't remember any unreleased product that has caused this much interest among developers. And
that's really an important point, because ignoring all the hype and press, .NET really is a product for developers,
providing a great foundation for building all types of applications.

Active Server Pages (ASP) has been the leading web development tool from Microsoft, even though it is still a relatively
young product. Its success is due to its ease of use and flexibility, providing a simple way to create dynamic web sites.
This success though hasn't come without problems, many of them simply because ASP has outgrown its feature set. It
was designed to work with the underlying architecture of COM, which in itself has limiting features.

ASP.NET is part of the whole .NET framework, built on top of the Common Language Runtime (also known as the CLR) -
a rich and flexible architecture, designed not just to cater for the needs of developers today, but to allow for the long
future we have ahead of us. What you might not realize is that, unlike previous updates of ASP, ASP.NET is very much
more than just an upgrade of existing technology - it is the gateway to a whole new era of web development. This book
will open the door to that gateway.

With this Special Edition, you have free access for one year to the online version of this book on Wroxbase; Wrox's new
online library of books. To find out more about Wroxbase, and to activate your account, go to http.//wroxbase.com.

A New Kind of ASP

What does 'A New Kind of ASP' mean for the developer? After all, many products are released as a 'major
breakthrough', or 'revolutionary’, but are in fact just point upgrades. ASP.NET isn't like that, and has been written from
the ground up to provide a rich and flexible environment for developing Internet applications. Not only does it provide a
host of new features, but it also changes the whole way in which you need to think about designing web-based
applications.

Most of these changes come about because the architecture of ASP.NET is now much more modularized and based on
the principles of components. Every page becomes a programmatically accessible, fully compiled object, and takes
advantage of techniques like object-oriented design, just-in-time compilation, and dynamic caching. At the same time,
the backward-compatible nature of ASP.NET means that existing pages and applications are still processed in the old
way, so there is no sudden migration needed.

One of the major goals of ASP.NET is a huge improvement in the way that applications can be installed, configured, and
updated. Components no longer have to be registered on the web server, and a whole application can be moved from
one server to another just by using file copy commands, FTP, or specialized applications like the FrontPage Server
Extensions.
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What does this Book Cover?

In this book, we attempt to explain just what ASP.NET is all about, how you can use it, and what you can use it for. We
start in Chapter 1 with a look at ASP.NET, explaining quickly the concepts and providing a layout to the rest of the
book. The aim is to get you up and running with some sample pages as quickly as possible.

In Chapter 2, we move onto the .NET framework, examining the architecture that underpins the whole of .NET. Here,
we talk about the Common Language Runtime (CLR), explaining why it is used and what benefits it brings. We also
discuss the design goals of ASP.NET and show how they provide us with a great architecture for development.

Chapter 3 examines the .NET languages in detail, looking at the object-oriented architecture, and discusses the changes
to Visual Basic and JScript, as well as the new language C#. We also discuss the benefits of the CLR with respect to
these languages, and how it has freed the developer from the language wars of the past.

Chapter 4 is where we start to look at ASP.NET in detail, examining how ASP.NET pages are constructed. We take a
look at a simple ASP page and show how this can be converted to ASP.NET, taking a look at how much cleaner and
simpler the new page is. We look at how the code is managed within the new ASP.NET page, and how the new event
model is much more reminiscent of Visual Basic than ASP.

Chapters 5, 6 and 7 examine the ASP.NET server controls in detail, starting with what these controls are and how they
work. The discussion continues with the validation controls, which provide a declarative way of validating user input,
before moving on to web form controls and list controls, which provide rich content management, and finally finishing
up with data binding, showing how controls can automatically display data from data sources.

In Chapter 8, we start the discussion of data management in ASP.NET, looking at ADO.NET and its design goals and
architecture. Moving into Chapter 9, we look at relational data, and how to manipulate data from databases, a topic
continued in Chapter 10 when we look at how to update data in those databases. The data discussion continues into
Chapter 11, where we examine the use of XML within .NET, and how the XML objects provide a rich way of manipulating
XML data.

Chapter 12 takes us to web applications where we look at what this term actually means, and how applications are
managed. We include topics such as state management, the application event architecture, and extending the
application architecture.

Once applications have been written, they need to be deployed, and this is explained in Chapter 13, along with
configuration. We look at the XML configuration file, examining its options in detail, and look at how ASP.NET can be
extended.

Chapter 14 covers writing secure ASP.NET applications, and looks at Windows 2000 and IIS security, and how ASP.NET
can integrate into it. We look at both declarative and programmatic security issues, covering such topics as forms-based
and Passport authentication.

Chapters 15 and 16 tackle the base class libraries, starting with a detailed look at collections and lists, continuing with
file system objects, streams, network classes, and regular expressions. The base classes provide a huge array of
functionality that can be used out of the box, and allow developers to implement sites with far less coding than was
possible in ASP.

With the DNA architecture, the use of middle-tiers as a place for business components became commonplace.

With .NET, the architecture has simplified and Chapter 17 tackles business objects and the use of transactional pages.
We look at the advantages of the new architecture and how applications should be designed to make the most of the
new component model.

Chapter 18 deals with the topic of extensibility, examining server controls and how they can be easily written. It looks
at the simple coding techniques used to create these controls, and how once written they can live alongside the
supplied server controls.

In Chapters 19 and 20, we look at Web Services in detail. While this topic isn't specifically dedicated to ASP.NET, it is a
major shift in the way applications are designed and written. Converting existing functionality to Web Services is
extremely simple, and there is a huge amount of power that can be achieved using Web Services to provide and use the
business-to-business model.

Chapter 21 deals with pervasive devices, or those that seem to be everywhere - phones, PDAs, and other such devices.
The use of web sites is not just limited to computers with large screens, and the use of smaller devices is only going to

increase in the future. In this chapter, we examine the Mobile Internet Toolkit, and how it can be used to easily produce
sites accessible by small devices.

Chapter 22 deals with two important topics, debugging and error handling. Some of the new features are down to
ASP.NET, while others are part of the underlying framework, and wherever they come from, these features are a great
boon to developers. They provide simple and flexible ways of debugging and handling errors.

Chapter 23 discusses the topic of migration and interoperability. There is a large amount of existing ASP code in the
world, and it is important that we examine how (if at all) existing applications can be migrated to the new framework.
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We also examine the topic of interoperating with existing COM components, to allow the gradual migration of middletier
layers.

Finally, in Chapter 24, we look at a case study that encapsulates many of the techniques shown throughout the book. It
is a sample e-commerce site, showing use of data access, server controls, class libraries, and so on.

Who is this Book for?

This book is aimed at experienced developers who have some experience of ASP or Visual Basic. It is not aimed at
beginners and does not cover general programming techniques or the basics of programming languages.

Our aim is to cover conceptual overviews of the product, including some of the background theory and explanation of
why the product has developed along the lines it has. This is followed by deeper investigation of the features that
developers will use first. We show how to take advantage of the new features quickly and with the minimum of fuss.

Providing that you have used ASP before, and are reasonably comfortable with the concepts, you should be able to use
this book without requiring any other reference material (other than the SDK Documentation and Help files provided
with the product). You should also be comfortable with the general principles of using components, and the Visual Basic
and VBScript languages. Some of the samples are written in other languages, such as JScript and C# (a new language)
that are supported by the CLR, but you don't need to be fluent in these languages to be able to use this book.

What you Need to use this Book

To run the samples in this book, you will need to have the following:

m Windows 2000 or Windows XP.

m ASP.NET, which can be either the redistributable (included in the .NET SDK) or Visual Studio .NET.

The complete source code for the samples is available for download from our web site at
http://www.wrox.com/Books/Book_Details.asp?isbn=1861007035. There are versions available in both Visual Basic .NET
and C#.

Style Conventions

We have used a number of different styles of text and layout in this book to help differentiate between the different
kinds of information. Here are examples of the styles we used and an explanation of what they mean.

Code has several fonts. If it is a word that we are talking about in the text - for example, when discussing a
For...Next loop - itis in this font. If it is a block of code that can be typed as a program and run, then itisin a

gray box:

<?xml version 1.07?>

Sometimes we will see code in a mixture of styles, like this:

<?xml version 1.07?>
<Invoice>
<part>
<name>Widget</name>
<price>$10.00</price>
</part>
</invoice>

In cases like this, the code with a white background is code that we are already familiar with. The line highlighted in
gray is a new addition to the code since we last looked at it.

Advice, hints, and background information comes in this type of font.
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Important pieces of information come in boxes like this.

Bullets appear indented, with each new bullet marked as follows:

m Important Words are in a bold type font.

m Words that appear on the screen, or in menus like the File or Window, are in a similar font to the one you would
see on a Windows desktop.

m Keys that you press on the keyboard like Ctrl and Enter are in italics.

Commands that you might need to type in on the command line are shown with a > for the prompt, and the input in
bold, like this:

> something to type on the command line

Customer Support and Feedback

We always value hearing from our readers, and we want to know what you think about this book; what you liked, what
you didn't like, and what you think we can do better next time. You can send us your comments, either by returning the
reply card in the back of the book, or by e-mail to feedback@wrox.com. Please be sure to mention the book ISBN and
the title in your message.

Source Code and Updates

As we work through the examples in this book, you may decide that you prefer to type in all the code by hand. Many
readers prefer this because it is a good way to get familiar with the coding techniques that are being used.

Whether you want to type the code in or not, we have made all the source code for this book available at the Wrox.com
web site.

When you log on to the Wrox.com site at http://www.wrox.com/, simply locate the title through our Search facility or by
using one of the title lists. Now click on the Download Code link on the book's detail page and you can obtain all the
source code.

The files that are available for download from our site have been archived using WinZip. When you have saved the
attachments to a folder on your hard drive, you need to extract the files using a de-compression program such as
WinZip or PKUnzip. When you extract the files, the code is usually extracted into chapter folders. When you start the
extraction process, ensure your software (WinZip, PKUnzip, and so on) has Usefoldernames under Extractto: (or the
equivalent) checked.

Even if you like to type in the code, you can use our source files to check the results you should be getting - they
should be your first stop if you think you might have typed in an error. If you don't like typing, then downloading the
source code from our web site is a must!

Either way, it'll help you with updates and debugging.

Errata

We have made every effort to make sure that there are no errors in the text or in the code. However, no one is perfect
and mistakes do occur. If you find an error in this book, like a spelling mistake or a faulty piece of code, we would be
very grateful for feedback. By sending in errata, you may save another reader hours of frustration, and of course, you
will be helping us provide even higher quality information. Simply e-mail the information to support@wrox.com, your
information will be checked and if correct, posted to the errata page for that title, or used in subsequent editions of the
book.

To find errata on the web site, log on to http://www.wrox.com/, and simply locate the title through our Search facility or
title list. Then, on the book details page, click on the Book Errata link. On this page you will be able to view all the

errata that has been submitted and checked through by editorial. You will also be able to click the submit errata link to
notify us of any errata that you may have found.

Technical Support

If you wish to directly query a problem in the book with an expert who knows it in detail then e-mail support@wrox.com
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with the title of the book and the last four numbers of the ISBN in the subject field. A typical e-mail should include the
following things:

m The name, last four digits of the ISBN, and page number of the problem in the Subject field.

m Your name, contact information, and the problem in the body of the message.

We won't send you junk mail. We need the details to save your time and ours. When you send an e-mail message, it will
go through the following chain of support:

m Customer Support - Your message is delivered to one of our customer support staff, who are the first people to
read it. They have files on most frequently asked questions and will answer anything general about the book or
the web site immediately.

m Editorial - Deeper queries are forwarded to the technical editor responsible for that book. They have experience
with the programming language or particular product, and are able to answer detailed technical questions on the
subject. Once an issue has been resolved, the editor can post the errata to the web site.

m The Authors - Finally, in the unlikely event that the editor cannot answer your problem, he or she will forward
the request to the author. We do try to protect the author from any distractions to their writing, however, we
are quite happy to forward specific requests to them. All Wrox authors help with the support on their books.
They will mail the customer and the editor with their response, and again all readers should benefit.

The Wrox support process can only offer support to issues that are directly pertinent to the content of our published
title. Support for questions that fall outside the scope of normal book support is provided via the community lists of our
http://p2p.wrox.com/ forum.

p2p.wrox.com

For author and peer discussion join, the P2P mailing lists. Our unique system provides programmer to programmer™
contact on mailing lists, forums, and newsgroups, all in addition to our one-to-one e-mail support system. Be confident
that your query is being examined by the many Wrox authors, and other industry experts, who are present on our
mailing lists. At p2p.wrox.com you will find a number of different lists that will help you, not only while you read this
book, but also as you develop your own applications.

To subscribe to a mailing list just follow this these steps:

e Go to http://p2p.wrox.com/.

® Choose the appropriate category from the left menu bar.

e Click on the mailing list you wish to join.

o Follow the instructions to subscribe and fill in your e-mail address and password.
o Reply to the confirmation e-mail you receive.

o Use the subscription manager to join more lists and set your mail preferences.

ASPToday

ASPToday, found at http.//www.asptoday.com, is a daily knowledge site for professional programmers, delivering a new,
original, free article written by ASP programmers, for ASP programmers, every working day.

The full subscription service gives you additional opportunity to expand your knowledge of ASP and ASP.NET, via access
to extra resources available through subscription. These include:

m Tips and tricks for professionals
m In-depth and code-heavy case studies

m Our collection of past ASPToday articles, the 'ASP Living Book'
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m A fully-searchable index and advanced search engine
m Sneak previews of future articles

m Discounts on Wrox products and services

Wroxbase

From March 2002, libraries of selected Wrox books will be available online at Wroxbase.com, based on technologies that
you use everyday. The initial set of libraries will be focused on Microsoft-related technologies. You will be able to
subscribe to as few or as many libraries as you require, and access all books within those libraries as and when you
need to. You can add notes (either just for yourself or for anyone to view) and your own bookmarks that will all be
stored within your account online, and so will be accessible from any computer.

With this Special Edition, you may register for 12 months free access to Professional ASP.NET 1.0. To find out more
about Wroxbase, and to register for your free access to this book, go to http://www/wroxbase.com, and follow the
instructions.

Acknowledgements

While we depend on the software manufacturers to help us out with technical support and information for almost all the
books we write, we must acknowledge the special situation within which this book was produced. Wrox have been at
the forefront of ASP publishing since the first beginnings of this technology, and we are grateful for the regular support
we receive from the developers and product managers at Microsoft.

The authors started working with the ASP.NET team during the writing of the Preview to Active Server Pages + book,
and this relationship has continued through the writing of the original Professional ASP.NET book (based on Beta
technology), and the rewriting of this edition. This book certainly wouldn't have been as good as it is without the
generous assistance of so many of the developers. We'd like to thank everyone who answered questions, provided
assistance with samples, reviewed chapters, and generally helped out, notably the ASP.NET team, the ADO.NET and
XML teams, and the CLR team. There are really too many people to mention, but special thanks go to Mark Anders,
Scott Guthrie, Mark Fussell, Mike Pizzo, Andres Sanabria, and Erik Olsen. We'd also like to thank Carl Grumbeck for
making us more than welcome every time we visit the Microsoft labs - next time we'll remember the tea.

To all of you, thanks guys - we hope you like the result.

A Fast Track Guide to ASP.NET

Microsoft's .NET technology has attracted a great deal of press since Beta 1 was first released to the world. Since then,
mailing lists, newsgroups, and web sites have sprung up containing a mixture of code samples, applications, and
articles of various forms. Even if you're not a programmer using existing ASP technology, it's a good bet that you've at
least heard of .NET, even if you aren't quite sure what it involves. After all, there's so much information about .NET,
that it's sometimes hard to filter out what you need from what's available. With new languages, new designers, and
new ways of programming, you might wonder exactly what you need to write ASP.NET applications.

That's where this chapter comes in, because we are going to explain exactly what is required, and how we go about
using it. The aim is to get you up and running, able to write simple ASP.NET pages as quickly as possible, and give you
a solid grounding in the basics of the new framework. This will not only benefit existing ASP programmers, but also
people who haven't used ASP, including Visual Basic programmers who need to write web applications. ASP.NET makes
the whole job much easier whatever your skill set.

So, in particular we are going to be looking at:
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m Installing and testing ASP.NET

m The benefits of the new technology

m The basic differences between ASP and ASP.NET
m The new programming model

m The rich hierarchy of server controls

We start with the simple discussion of why ASP.NET has come about.

Evolution or Revolution?

As developers, we are all used to the evolutionary cycle of software product releases, where each new release adds a
few features and cures a bunch of bugs. Server-side web technology has followed this pattern, with products such as
dbWeb and the IDC rapidly settling into the Active Server Pages we know and love today. ASP 1.0 was released in
1996, and although it has gone through a further two releases, it hasn't really changed that much- until now. Be
prepared to throw away many of those ingrained ASP programming habits, as you've an interesting ride ahead.

ASP.NET is where the revolution begins, because it is radically different from previous versions. Its first appearance into
the world was at the Wrox Conference in Washington D.C. back in 1999, where impromptu applause showed how much
the audience liked the product. Then in July 2000, ASP.NET received its first public release at PDC, where around 6,000
developers were bombarded with nothing but .NET. As a consequence, they spent most of the week looking like rabbits
in headlights- rather dazed and confused with all they had to take in. .NET isn't particularly difficult to understand, but
ASP.NET is very different from what we are used to.

That's really the whole crux of the matter. ASP.NET is just a part of the whole .NET framework, but to use ASP.NET
effectively you have to understand the underlying architecture. In the next chapter we'll outline this new architecture
and the benefits it brings, but for now we need to look at ASP.NET.

Getting Started with ASP.NET

The change to ASP.NET may seem daunting to some, but in the immortal words of Douglas Adams: don't panic! Even
though there's been a radical change, the basics of ASP.NET are easy to grasp, especially if you've only ever
programmed in Visual Basic before. Another important point to highlight is that ASP.NET sits alongside ASP- it doesn't
touch existing ASP applications at all. Therefore we don't have to worry about anything that we've previously done
suddenly stopping working.

Unlike Beta 2 where there were two versions of ASP.NET, the release version comes in a single version, containing all
features.

ASP.NET is supported on Windows 2000 (Professional and Server versions), Windows XP, and will be included in
Windows .NET Server. It is not supported for Windows NT or the Windows 9x platforms. You can install Visual

Studio .NET on these platforms and remotely use ASP.NET on the supported platforms. ASP.NET can be obtained from
Microsoft, at http.//www.Microsoft.com/net, http.//www.asp.net/ or http.//www.gotdotnet.com/, and is also part of the
MSDN Subscription service.

Installing .NET

Installation is extremely simple, consisting of a single executable. This installs the framework, including ASP.NET, and
includes options for the samples and documentation. During installation you may be asked to update the Microsoft
Windows Installer components, and if so, you should click the Yes button to update them. This update is required for
the .NET SDK installation.

You may also see the following dialog:
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|'.§- Microsoft NET Framework SDK {English) Setup B =l I

- The following application(z] were not found on pour system
i)
Microsolt Data Access Components 2.7

These application(s] are recommended to be installed pror bo running setup
for servet based applications.

Chck Ignore to continue with the setup and Cancel to et the setup.

Cancel |

This indicates that MDAC 2.7 is not installed on your system. You can press the Ignore button to continue with the setup
process- MDAC 2.7 isn't required for .NET, although it is recommended if you use any of the data features that
interoperate with ADO.

Once the Installation Wizard starts you'll have the usual license screen followed by the options screen:

i'-L'!:I‘ Microsoft .MET Framework SDK {English} Setup M =] B |

.l I Install Options

Microsoft [v Software Development Kit:

|ncludes components, toolz, and zamples neceszan to
build and un .MET applications.

® [v SDK Samples

[¥ | Documentation

Development information for the Saoftware
I Development it

< Back et » Cancel Help

This gives you the options of installing the required components, tools and samples, as well as the SDK samples. You
should leave all options ticked to ensure that everything is installed. The distributable version of the .NET framework is
around 18Mb, and doesn't contain samples or documentation.

As part of the samples, a named instance of the Microsoft Data Engine (MSDE) is installed containing sample databases.

Configuring the Samples

The installation routine creates a folder called Microsoft .NET Framework SDK containing an HTML page titled Samples
and QuickStart Tutorials. From this page you should follow the steps outlined:

Step 1: Install the .NET Framework Samples Database. Click this link and select Run this program from its current
location to run the samples database installation routine. If you receive a Security Warning dialog you can select Yes to
allow the program to run. At this point the program checks for MSDE, installing it if it isn't already installed, and then
installs the sample databases.

Step 2: Set up the QuickStarts. Click this link and select Run this program from its current location to configure IIS and
perform other installation routines. You may also receive another Security Warning dialog when you run this program,
and you can select Yes to allow the program to run.

At this point the samples are installed, and you have the option to Launch them. You can also launch the samples by
navigating to the Microsoft .NET Framework SDK menu (installed under the Programs) and selecting Samples and
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QuickStart Tutorials.

Running the Samples

From the main QuickStart page you should select Start the ASP.NET QuickStart Tutorial, where you will be presented

with the following screen:
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The left-hand portion of the screen shows the samples broken into their groups, which are:

11

|Samp|e Group ||Consists of ... |
|Getting Started ||Introduction to ASP.NET and the .NET languages. |
ASP.NET Web Forms EE;::::;;LQ??.NET page design, including use of server controls, databases and
|ASP.NET Web Services ||How to create and use Web Services. |
ﬁﬁppl.ilzaE:i—o\;vfb What defines an ASP.NET application, and how the global files are used.

|Cache Services ||The new cache features, allowing pages or data to be cached to improve performance. |
|Configuration ||The new XML-based application configuration. |
|Dep|oyment ||A description of how applications are deployed. |
|Security ||An examination of the authentication and authorization features in the .NET framework. |
|Loca|ization ||Examp|es of how internationalization can be achieved. |
|Tracing ||How the new tracing features of ASP.NET bring increased developer productivity. |
|Debugging ||How to use the new visual debugger. |
|Performance ||Overview and tips and tricks on improving performance. |
QngPrat]E:nSP.NET Examples showing how to migrate existing applications.

|Samp|e Applications ||Some sample applications, described below. |

We'll see examples of these topics throughout the book.

The right-hand side of the screen will show the samples, including descriptions and sourcecode. The sourcecode for all
of the samples is available in Visual Basic, C#, and JScript. The use of these languages is discussed later in the chapter.

The Sample Applications

The sample applications should give you some good ideas of what can be achieved with ASP.NET, as well as showing

how it can be achieved and some best practices for writing applications.
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m A Personalized Portal is a sample portal application, allowing user login, content delivery, user preferences,

configuration, and so on. It's an extremely good example of the use of User Controls, which are reusable
ASP.NET pages.

m  An E-Commerce Storefront is a small electronic-commerce site, based around a simple grocery store. It shows
some good uses of data binding and templating, and how a shopping basket system could be implemented.

m A Class Browser Application shows how we can browse through the hierarchy of classes and objects. Not only is
this useful from a learning point of view, but it also shows how the classes are queried by run-time code. This is
one of the great new features of the framework, and is explained in more detail in the next chapter.

m IBuySpy.com is another electronic-commerce site, showing more features than the other sample store. It
contains user logins, shopping baskets, and so on.

Additional Samples

The above list of samples describes just the ones that are installed by the SDK, but there are plenty of others available,
such as a .NET version of the Duwamish site. All of the code for the samples in the book is available from the Wrox
Press web site (at www.wrox.com). Microsoft has three additional sites where information and samples can be obtained:

m www.asp.net is the central site for downloads and links.

m www.ibuyspy.com is the IBuySpy application online. This code runs online as well as being available as a
download (in VB.NET and C#). This site also contains links to a portal based version of IBuySpy, allowing user
customization, and a news based version, aimed at content delivery.

m www.gotdotnet.com is a community site for all .NET developers. It's full of links and samples by both Microsoft
and third parties. This site also has a list of ASP.NET hosting companies. There are also plenty of third party
sites, and since this list may change, your best bet is to go to www.gotdotnet.com and follow the links page.

Visual Studio .NET

Although this book is primarily aimed at ASP.NET, it is important that we mention Visual Studio .NET as well. The first
thing to make clear is that Visual Studio .NET isn't required to write ASP.NET applications, but it does provides an
extremely rich design environment. It provides features such as drag and drop for controls, automatic grid and list
support, integrated debugging, Intellisense, and so on.

The installation of Visual Studio .NET comprises several steps:
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(o Visual StudioNET Setup

Microsoft®

Visual Studio.NET Setup

Windows Component Update
Setup has detected that sorme of the Windows componants
]

that are installed on your computar da nat rmatch the
versions required for Visual Studio NET. You must instsll &
differenk version of these Windows components

Server Hetup Exit

The Component Update installs the following:

m Windows 2000 Service Pack 2, if installing on Windows 2000 (this requires a reboot)
m  Microsoft Windows Installer 2.0

m  Microsoft FrontPage 2000 Web Extensions Client

m Setup Runtime Files

m  Microsoft Internet Explorer 6.0 and Internet Tools (this requires a reboot)

m  Microsoft Data Access Components 2.7

m  Microsoft .NET Framework

The Component Update install allows you to enter a login name and password to be used during the reboots, so that the
entire installation can take place without user interaction.

The Visual Studio .NET install offers a similar setup to previous versions:
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Once this step is finished, you have the option of a check for Service Releases, to allow product updates to be
automatically downloaded for you.

If you've used previous version of Visual Studio, you may think that the installed menu items are rather sparse, since
you only get two or three items (depending upon your installation options). What's noticeable is that the two main
items are Microsoft Visual Studio .NET 7.0 and Microsoft Visual Studio .NET Documentation. Because the

underlying .NET architecture changes the way languages are used, Visual Studio .NET has been built to take this into
account. So, no longer do you pick your language and then run the tool associated with that language. Now you just
start Visual Studio .NET and then decide in which language you wish to write, and the type of application to create:

Frapact Types: Templates: IE EJ
i Visual Basic Projects ! =
— Visual C#t Projacts 3 ﬁj E
— Vizus| T4+ Prajects Windows  Class Lbrary  Windows
— Setup and Deployment Projects Appication Corrol Lbrary
+ 1 Other Projects i
(] Wisual Studka Solutions ‘ ,@ E

I 4SP.NET wieb  Web Contral
Servits Liksr &y :I

A project For creating an applcation with 2 Web ussr interface

Hame; | Webagpicationl

Lo akion; [ hittp: fiocalhost =] Browss... |

Project wil be created st httpflocahostWebdpplcation] .

Frore o | caes | e |

What's great about this, is that the development environment is the same, whatever the language and application. This
dramatically reduces training time, as you don't have to learn a different tool to do something differently.

Creating ASP.NET Applications in Visual Studio .NET

When using Visual Studio .NET, you select ASP.NET Web Application from the New Project dialog (shown above), and
this creates the named web site and creates some default pages. From that point onwards you just use the design
environment to drag controls onto the design grid:
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You can then use View Code (or the more familiar double-click on a control) to see the code for the web page you are
creating.

We're not going to go into any more detail on using Visual Studio .NET, as it's too big a topic and really is outside the
scope of this book. What we really want to concentrate on is ASP.NET itself.

Other Installs

There are several other related technologies that are not included as part of .NET, but which you might find useful.
These are:

m ODBC .NET Data Provider, which provides access to native ODBC drivers.
m Mobile Internet Toolkit, to allow development of sites that support mobile devices, such as phones and PDAs.

m Internet Explorer Web Controls, provide a set of client controls (such as a TreeView and Tab Control) for use in
Internet Explorer.

m Internet Explorer Web Services Behavior.

Not all of these are running to the same timeframe as the .NET SDK, but they should all be available from
http.//www.Microsoft.com/downloads or from MSDN.

How is ASP.NET Different from ASP?

This question can be answered in one word- very. ASP.NET is not just a new version, but a whole new idea and way of
programming web applications. New features weren't retrofitted into ASP to give us a new version- ASP.NET has been
written from the ground up to provide the best possible application framework. This has meant that, in many areas,
compatibility with ASP has been broken, but in the long term this is a good thing. It means that ASP.NET provides a
much stronger platform for developing applications, and gives many more benefits.

If you're worried about the compatibility issue, then remember we mentioned earlier that ASP.NET runs alongside ASP.
Even though there are many differences between the two, installing ASP.NET won't break existing applications. That's
because your existing ASP pages are still processed by the same mechanism as before, and the new framework
processes ASP.NET pages. This is achieved by ASP.NET pages having a new file extension (.aspx), meaning they are
not processed in the same way as ASP pages.
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Compatibility and migration issues are covered in Chapter 23.

Why Do We Need a New Version?

ASP has achieved enormous success as a way of developing web sites, so why is a new version needed? Simply put,
ASP hasn't evolved to take into account the way it's now being used. Although designed with great scope and flexibility,
I don't think even its authors could have seen how it would become the cornerstone of many applications. Like a
tempestuous Hollywood starlet, its rapid rise to fame has led to problems:

m ASP is a scripted language, relying mainly on VBScript and JScript. Other languages are available if we install an
interpreter, but it's still interpreted. The two disadvantages of interpreted languages are the lack of strong types
(as supported by typed languages such as Visual Basic and C/C++), and the lack of a compiled environment.
ASP does cache code, but it's still interpreted, and this inevitably leads to performance and scalability problems.

m ASP doesn't provide an inherent structure for applications. In the days of static web pages, we used to see
small, focused source files. With the dynamic concept of ASP, it was possible to build code into the web page,
again leading to problems. There's the eternal worry of mixing code and content, which can be a problem if you
have a mixed team, with certain people designing the HTML and the interface, with different people doing the
coding. Having two sets of people working on the same files is asking for trouble. Another problem was the
ability to make the code complex, leading to larger source files. Include files allow a certain amount of structure
and code reuse, but it was never really a great solution.

m We have to write code in ASP to do most things, no matter how simple. For example, consider the task of
validating form fields. Just to ensure that values are entered into a field requires code. Other areas such as
caching content, maintaining form state, and so on, all require code. Even adding new HTML controls requires
writing the raw HTML to the page.

m The world of browser compatibility has morphed into device compatibility. While the majority of web access still
takes place from a PC and browser, how long will that remain the case? Mobile devices are becoming more
prevalent, and more powerful, leading to more problems designing sites. If you want your web site to obtain
maximum reach you need to contend with these devices, and this means writing code to detect the device and
render the appropriate content.

m Standards compatibility also plays a big part in web development. XHTML is becoming more widely accepted,
XML and XSL/T are both now widely used, and talking to mobile devices might also mean support for WML.
Support for these standards mean that our ASP applications not only have to work with existing standards, but
also be easily upgradeable to support future standards.

These are just some of the problems we will encounter when building ASP applications, but they aren't the only ones.
The rapidly changing nature of the Internet often requires rapid changes to applications. For languages that have strong
development environments, practices such as componentization, code reuse, rapid development, and so on, are a great
boon to a developer, but this sort of support is lacking in ASP. The rise of Business-to-Business applications, and peer-
to-peer data sharing also brings great challenges to the developer.

ASP.NET was written from the ground up to meet these needs. Not only does it answer many of the questions posed by
the existing development environment, but also provides great extensibility, and brings great tool support. At its
minimum, all you require is the ASP.NET redistributable, which is freely available, and you can continue to use your
favorite editor of choice (come on, admit it- it's Notepad). This gives us access to everything possible with ASP.NET,
including multi-language support. For a richer environment you can use Visual Studio .NET, where you get the drag and
drop support, colored code (more useful than you'd think), context sensitive help and tooltips, and all of the usual great
editing features that Visual Studio has brought in the past.

Benefits of ASP.NET

From the above discussion of the problems with ASP it would be easy to say that ASP.NET solves those problems, and
while that is so, there's a lot more to it than that. To understand what's been done, have a look at four of the main
goals of ASP.NET:

m Make code cleaner
m Improve deployment, scalability, security, and reliability
m Provide better support for different browsers and devices

m Enable a new breed of web applications
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You may not see some of this support directly, as the Common Language Runtime (CLR) handles much of it. This is
discussed in detail in the next chapter, but for now we are going to concentrate on how ASP.NET improves our lives.

Multiple Languages

ASP has been limited to scripting engines, notably VBScript and JScript. The .NET framework inherently supports
multiple languages, so we can use whichever we feel most comfortable with. By default the CLR comes with Visual
Basic .NET, C#, and JScript .NET (all compiled), and there are a number of third party languages that we can use, such
as Perl, COBOL, and many others. Additionally, Visual Studio .NET adds support for Visual C++, and an implementation
of Java (called J#) is also available for download from Microsoft. Because this language support is part of the
framework, it really doesn't matter what language you, or others in your team, use. Obviously, from your point of a
view, it's probably best to maintain some degree of compatibility (for maintenance purposes if nothing else), but as far
as the framework is concerned, anything goes.

This multiple language support isn't just limited to what's available, but also to how it's used. It's quite possible to write
components in one language, and use (or reuse) them from another language. The server based controls are written in
C#, but we can quite happily sub-class them from Visual Basic .NET, and then sub-class that control in JScript .NET (or
any .NET supported language).

The framework is covered in more detail in the next chapter, while Chapter 3 delves into the languages themselves in
more detail.

Server Processing

If you've done some Visual Basic programming, then you'll find the switch to the new ASP.NET Server Controls fairly
painless, but they might cause some initial confusion if your programming has been limited to ASP. There's no need to
worry though, as they are extremely easy to understand and use- it's just that they are very different from ASP.

One of the big problems with ASP is that pages simply define one big function, which started at the top of the page and
finished at the bottom. The page content is rendered in the page order, whether it is straight HTML or ASP-generated
HTML. Therefore, our logic was dependent upon its position in the page, and there's no way to target HTML controls
except by rendering them as part of the stream. Anything we do requires us to write code, and that includes the output
of HTML elements.

ASP.NET solves this problem by introducing a declarative, server-based model for controls. This is where the concept
may seem alien to ASP programmers, because the controls are declared on the server, can be programmed against on
the server, but can be event driven from the client. This sounds pretty weird, but it's simple to use. All we have to do to
turn a normal HTML control into a server control is add runat="server" as an attribute. For example:

<input id="FirstName" type="text" runat="server">

This is a standard HTML control, but the addition of the runat attribute allows the control to be programmed against
with server-side code. For example, if this control is placed within a form and we submit the form back to the same
page, we can do this in our server-side code:

Dim PersonFirstName As String
PersonFirstName = FirstName.Text

Making a control run on the server allows us to use the ID attribute to identify it directly. This allows the code to
become more readable, since we don't have to refer to the form contents or copy the contents into variables. It's also
more natural to refer to the control directly, which makes developing pages simpler. If you've done any Visual Basic or
VBA programming then this won't seem too alien for you.

If you've only ever done scripting in ASP, then this may seem strange, but that's only because it's a different way of

working with content to and from the browser. You've probably done database access, so you've used objects, called
methods, and set properties, and the ASP.NET Server Controls aren't really any different from this.

The new server processing architecture is covered in Chapter 4.

Web Form Controls

Converting existing HTML controls to server-side ones is simple, but there are still several problems with this approach:

m Consistency. We are still stuck with the rather non-intuitive nature of some HTML controls. Why for example, is
there an INPUT tag for single line text entry, but a TEXTAREA tag for multi-line text entry? Surely a single
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control where we specify the rows and columns makes more sense?

m User Experience. How do we easily write sites that render rich content for browsers such as IE, while also
preserving compatibility with down level browsers? HTML doesn't have the ability to change its content
depending on the browser- we have to write the code for that.

m Devices. How do we write sites that cope with devices other than browsers? WAP-Phones, PDAs, and even
fridges have browsers nowadays. Like the browser issue, we'd have to manually write code for this.

To alleviate these problems Microsoft has created a set of server controls, identified by the asp: prefix. The ASP.NET
server controls tackle the above problems by:

m Providing a consistent naming standard. For example, all text entry fields are handled by the TextBox control.
For the different modes (multi-line, password, etc.) we just specify attributes.

m Providing consistent properties. All server controls use a consistent set of properties, making it easier to
remember. For example, the Text field of a TextBox is more intuitive than a Value field.

m Providing a consistent event model. Traditional ASP pages often have large amounts of code handling the
posting of data, especially when one page provides multiple commands. With ASP.NET we wire-up controls to
event procedures, giving our server-side code more structure.

m Emitting pure HTML, or HTML plus client-side JavaScript. With one minor exception (which is intentional) the
server controls emit HTML 3.2 by default, giving great cross-browser compatibility. This can be changed so that
by default we target up-level browsers such as IE, where the controls will emit HTML 4.0 and DHTML, providing
a richer interface. All the user ever sees is the HTML content, not the server controls.

m  Emitting device specific code. Certain controls will emit HTML when requested by a browser, but WML when
requested by a WAP phone. The control handles the detection of the device and the generation of the correct
markup.

The controls will be covered in detail in later chapters, but let's take a quick look at a simple example to show how
these controls work:

<html>

<script language="VB" runat="server">

Public Sub btn Click(Sender As Object, E As EventArgs)

' some code goes here

End Sub

</script>

<body>

<form runat="server">

Press the button: <asp:Button runat="server"
Text="Press Me" OnClick="btn Click"
runat="server"/>

</form>

</body>

</html>

The server control in this example is a button, added to the page using the asp:Button element. There are several
things to note about this control:

m It has the runat="server" attribute set, to tell ASP.NET that it should process this control.
m It uses the Text attribute to set the text to be shown on the button. This is consistent with other controls.

m It uses the OnClick attribute to identify the event procedure to be run when the button is clicked. Since this is
a server control this event procedure runs on the server.
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The event procedure is automatically supplied with two parameters- the control that generated the event, and any
additional arguments the procedure requires. Within the event procedure we can access any other server controls,
including the contents of input fields submitted during a postback.

HTML Output

In traditional ASP pages, the ASP processor runs server-side code, stripping it out so that only HTML and client-side
script is sent to the client. This process is exactly the same for ASP.NET pages (the <% %> tags still work), with the
server controls being converted to their HTML equivalents. For example, the page code shown above renders the
following HTML to the browser:

<html>

<body>

<form name="ctrl2" method="post" action="test.aspx" id="ctrl2">

<input type="hidden" name="_VIEWSTATE"
value="YTB6MTUSNDYxNJESM19fX3g=2dbab7£5" />

Press the button: <input type="submit" name="ctrl5" value="Press Me" />

</form>

</body>

</html>

There are several things to note here:

m The first is that the form has method, action, and id attributes added automatically. We can add these in
ourselves (with the exception of the action attribute) if we want to, but it's not necessary.

m A hidden input field is added, which contains (in a compressed form) the state of the server controls. This is

called the ViewState, and is how ASP.NET manages the content of the controls. View State is covered in Chapter
4.

m The Button is converted into a standard submit button.

So, we can see that even though we have better code on the server, it doesn't affect how the code is presented on the
client. It's still standard HTML, with standard forms and elements.
Server Control Hierarchy

The server controls are logically broken down into a set of families:

m HTML Server Controls, which are the server equivalents of the HTML elements.
m Web Form Controls, which map closely to individual HTML elements.
m List Controls, which map to groups of HTML elements that produce grids or grid-like layout.

m Rich Controls, which produce rich content and encapsulate complex functionality, and will output pure HTML or
HTML and script. A good example of this is the Calendar control, which provides the user with a calendar from
only one line of code.

m Validation Controls, which are non-visible controls, but allow the easy use of both server-side and client-side
form validation.

m  Mobile Controls, which output HTML or WML depending upon the device accessing the page.

Chapters 5 and 6 deal extensively with most of these controls, and Chapter 21 covers the Mobile Controls.

At this early stage in the book, you may not be able to see the implications that these controls have for you, but let's
take a couple of common examples. First off, the case of displaying data from a database, perhaps in some form of
grid. In ASP, we'd open the Recordset containing the data, and loop through the rows and columns building up an HTML
table. We might well have this abstracted into a separate function in an include file, but we still had to write the code.
With the ASP.NET DataGrid control, it's the control itself that handles this for us. The list controls (which include the
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DataGrid) have built in support for extracting data from a data source and creating the HTML for us. For example,
consider the following ASP code:

<

o\

Dim rs
Dim fl1d
Set rs = Server.CreateObject ("ADODB.Recordset")
rs.Open "select * from authors",
"Provider=SQLOLEDB; Data Source=.; Initial Catalog=pubs; UID=sa; PWD="
If Not rs.EOF Then
Response.Write "<table border='1l'><tr>"
For Each fld In rs.Fields
Response.Write "<td>" & fld.Name & "</td>"
Next
Response.Write "</tr>"
While Not rs.EOF
Response.Write "<tr>"
For Each fld In rs.Fields
Response.Write "<td>" & fld.Value & "</td>"
Next
Response.Write "</tr>"
rs.MoveNext
Wend
Response.Write "</table>"

End If

oe

>

There's nothing special about this- it just creates an HTML table. Now compare this to the equivalent ASP.NET code using
a DataGrid:

<%@ Import Namespace="System.Data.SglClient" %>
<script language="VB" runat="server">
Sub Page Load(Sender As Object, E As EventArgs)
Dim con As New SglConnection("Data Source=.; " &
"Initial Catalog=pubs; UID=sa; PWD=")
Dim cmd As SglCommand
con.Open ()
cmd = New SglCommand("select * from authors", con)
DataGridl.DataSource = cmd.ExecuteReader ()
DataGridl.DataBind ()
con.Close ()
End Sub
</script>

<asp:DataGrid id="DataGridl" runat="server"/>
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Note that you should always close a database connection when you have finished with it. Either call the Close method
of the Connection object, or pass the value CommandBehavior.CloseConnection as the parameter to the
ExecuteReader method. See Chapter 8 for more details.

We can immediately see how there's much less code to write. In fact, all of the code here relates to getting the data
from the database and binding it to the grid. There isn't any code to create a table as the DataGrid does this.

Data binding is covered in Chapter 7.

Another great example of the power of controls is the Calendar control, which with one line of code creates a fully
functional calendar on our web page:

<asp:Calendar runat="server"/>

That's it- nothing extra is needed to get it working.

This sort of simplified approach doesn't mean that the controls are simple, just simple to use. The onus on coding has
moved from the web page developer to the control developer. There are also plenty of other non-Microsoft controls,
either planned or released, covering everything from more advanced grids to TreeViews. Alternatively you can write
your own controls. This is covered in Chapter 18.

Language Improvements

One of the greatest new features is that scripting is dead- hooray. This is a slight exaggeration, as what's really dead is
the typeless, interpreted nature of these languages. VBScript is no longer supported, and is replaced with full Visual
Basic support, while JScript is still supported but has the addition of types. In addition, a new language called C#
(pronounced C Sharp) is introduced, with a format similar to C/C++. As ASP.NET is entirely written in C# we can
understand that this isn't a minor addition

We look at the detailed improvements in languages in Chapter 3, but for now, all we need to understand is that all
languages:

m Support data types.
m Use a common set of data types.
m  Are fully compiled.

m Are object oriented, and support inheritance.

What's also important is that the language support is built into the Common Language Runtime (CLR), which provides
this common support. This means that things such as inheritance are cross-language, so we can write components in
C# and inherit and extend them in Visual Basic. The CLR manages all of this for us, as well as providing cross-language
debugging, giving such features as being able to use a debugger to step through Visual Basic code in an ASP.NET page
into a C# component.

What's also provided is extensibility, meaning that additional languages can be supported. Microsoft supply VB.NET,
JScript, and C# as standard with the .NET SDK, but many other languages are being worked on by third parties.

Code and Content Separation

I think that this is generally an unused feature of web site design, as many sites are created entirely by programmers.
In itself this isn't a bad thing, but I think programmers in general don't make great designers, and I count myself firmly
in this group. While I'm extremely interested in interface design and usability, I'm not particularly good at it. ASP
tended to build on this problem, as the code (ASP script) is, more often than not, intermingled with the content (HTML).
This makes it difficult for design and coding to be done at the same time, as well as risking potential problems if
updates to the page are required.

Code Inline
ASP.NET gets around this problem in one of two ways. The first is the code inline model, where code is still held within

the ASP.NET page, but is not mixed with the HTML. It's easy to separate the code and content into two sections. For
example:

<html>
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<%-- This is the code section %>
<script runat="server">
Public Sub btn Click(Sender As Object, E As EventArgs)

YourName.Text = Name.Text
End Sub
</script>
<body>
<%-- This is the content section %>

<form runat="server">

Enter your name: <asp:TextBox id="Name" runat="server"/>

<br/>

Press the button: <asp:Button OnClick="btn Click"

runat="server" Text="Press Me"/>

<br/>

Your name is: <asp:Label id="YourName" runat="server"/>
</form>
</body>
</html>

This isn't that radical a design, but it is a difference from ASP where the <%..%> server blocks are often intermingled
with the HTML. Don't worry about what the code does for the moment, as we'll be covering that later. What's important
is that all of the script is kept separate from the content. This split is possible in ASP.NET because of the new server

control architecture, which allows access to the HTML controls from server-based code. We'll be looking at this in a
moment.

Code Behind

The second way of separating code from content is the code behind model, where the code is completely removed into
a separate file. Using the example we saw above, our HTML file would now look like this:

<%@Page Language="VB" Inherits="ChlCodeBehind"
Src="Components\ChlCodeBehind.vb" %>
<html>
<body>
<%-- This is the content section %>
<form runat="server">
Enter your name: <asp:TextBox id="Name" runat="server"/>
<br/>
Press the button: <asp:Button OnClick="btn Click"
runat="server" Text="Press Me"/>
<br/>
Your name is: <asp:Label id="YourName" runat="server"/>
</form>
</body>
</html>

Once again don't worry too much about the code itself- it's the structure that's important. Notice how the script block
has been removed, and a special Page directive has been added (these are covered in Chapter 4). This tells the CLR
that the current page inherits its code from the named file, which looks like:
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Imports System
Imports System.Web.UI
Imports System.Web.UI.WebControls
Public Class ChlCodeBehind
Inherits System.Web.UI.Page
Public Sub btn Click(Sender As Object, E As EventArgs)
YourName.Text = Name.Text
End Sub

End Class

Notice that the procedure btn_ Click is exactly the same as it was when it was inline. That's one of the great features
of the code behind model; apart from a few directives, the code remains exactly the same. And, since we're now
working in a compiled environment, there's no performance loss either.

Configuration

Two things govern the configuration of ASP.NET. The first is the standard IIS settings, no different from existing ASP
applications. The second is the configuration file, an XML file containing the meta data for our application. There is a
machine wide file (machine.config) containing the defaults for all ASP.NET applications, and each application can have
its own file (web.config) to override the defaults. The advantage of a file containing configuration information is that
we don't need to touch the registry to modify settings- each application is self-contained. This has an added advantage
when we look to deploy an ASP.NET application, because the configuration is just one of the files that we deploy.

The configuration files are covered in detail in Chapter 13.

Deployment

Deployment is another area made significantly simpler in ASP.NET, and is generally called XCopy Deployment, for the
simple reason that that's all we generally have to do. Each application is self-contained, including the configuration file
and components. In the .NET framework, components no longer require registration, and copying them to their target
location is all that's required.

Deployment is covered in detail in Chapter 13.

There are exceptions to this model of deployment. One is if we are interacting with COM/COM+ components, which still
need to be registered. Another is if we are using Shared Assemblies, where .NET components are being used by more
than one ASP.NET application. In this case the component isn't kept within the same directory as the rest of the
ASP.NET files.

Interoperability with COM/COM+ is covered in Chapter 23.

Writing ASP.NET Pages

The first part of this chapter has been a brief overview of some of the differences between ASP and ASP.NET, and
Chapter 4 goes into this in more detail. Now it's time to show you how to get those ASP.NET pages up and running as
quickly as possible. Let's consider a simple form that extracts the author details from the pubs database. We'll have a
drop down list to show the various states where the authors live, a button to fetch the information, and a grid. This will
quickly show you several simple techniques you can use in your pages.

Creating a Web Site

The first thing to do is decide on where you want to create your own samples. Like ASP we can create a directory under
\InetPub\wwwroot, or create a directory elsewhere and use a Virtual Site or Virtual Directory to point to it. There's
no difference between the methods, it's purely a matter of preferences.

Next you can create your web pages, using whatever editor you prefer. You should give them an extension of .aspx.

The Sample Page
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Now let's add the code for the sample page - call this SamplePage.aspx (we'll examine it in more detail after we've
seen it running). This page assumes that the Pubs database is installed on your system.

<%@ Import Namespace="System.Data.SglClient" %>
<script language="VB" runat="server">
Sub Page Load(Sender As Object, E As EventArgs)
If Not Page.IsPostBack Then
state.Items.Add ("CA")
state.Items.Add ("IN")
state.Items.Add ("KS")
state.Items.Add ("MD")
state.Items.Add ("MI")
state.Items.Add ("OR")
state.Items.Add ("TN")
state.Items.Add ("UT")
End If
End Sub
Sub ShowAuthors (Sender As Object, E As EventArgs)
Dim con As New SglConnection("Data Source=.; " &
"Initial Catalog=pubs; UID=sa; PWD=")
Dim cmd As SglCommand
Dim gry As String
con.Open ()
gqry = "select * from authors where state='" &
state.SelectedItem.Text & "'"
cmd = New SglCommand(gry, con)
DataGridl.DataSource = cmd.ExecuteReader ()
DataGridl.DataBind ()
con.Close ()
End Sub
</script>
<form runat="server">
State: <asp:DropDownList id="state" runat="server" />
<asp:Button Text="Show Authors" OnClick="ShowAuthors" runat="server"/>
<p/>
<asp:DataGrid id="DataGridl" runat="server"/>
</form>

When initially run we see the following:

24
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Nothing particularly challenging here, and when the button is pressed, the grid fills with authors from the selected
state:
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Again, nothing that couldn't be achieved with ASP, but let's look at the page code, starting with the controls:

<form runat="server">

State: <asp:DropDownList id="state" runat="server" />

<asp:Button Text="Show Authors" OnClick="ShowAuthors" runat="server"/>
<p/>

<asp:DataGrid id="DataGridl" runat="server"/>

</form>

Here we have a form marked with the runat="server" attribute. This tells ASP.NET that the form will be posting back
data for use in server code. Within the form there is a DropDownList (the equivalent of an HTML SELECT list) to
contain the states, a Button (equivalent of an HTML INPUT type="button") to postback the data, and a
DataGrid to display the authors. The button uses the OnClick event to identify the name of the server-side code to
run when the button is pressed. Don't get confused by thinking this is the client-side, DHTML onClick event, because
it's not. The control is a server-side control (runat="server") and therefore the event will be acted upon within
server-side code.
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Now let's look at the remaining code, starting with the Import statement. This tells ASP.NET that we are going to use
some data access code, in this case code specific to SQL Server.

<%@ Import Namespace="System.Data.SglClient" %>

Next comes the actual code, written in Visual Basic.

<script language="VB" runat="server">

Here is the first real introduction to the event architecture. When a page is loaded, the Page Load event is raised, and
any code within the event procedure is run. In our case, we want to fill the DropDownList with a list of states, so we
just manually add them to the list. In reality, this data would probably come from a database.

Sub Page Load(Sender As Object, E As EventArgs)
If Not Page.IsPostBack Then

state.Items.Add ("CA")
state.Items.Add ("IN")
state.Items.Add ("KS")
state.Items.Add ("MD")
state.Items.Add ("MI")
state.Items.Add ("OR")
state.Items.Add ("TN")
state.Items.Add ("UT")

End If

End Sub

One thing to note about this code is that it is wrapped in an If statement, checking for a Boolean property called
IsPostBack. One of the great things about the Web Controls is that they retain their contents across page posts, so
we don't have to refill them. Since the Page Load event runs every time the page is run, we'd be adding the states to
the list that already exists, and the list would keep getting bigger. The IsPostBack property allows us to identify
whether or not this is the first time the page has been loaded, or if we have done a post back to the server.

Now, when the button is clicked, the associated event procedure is run. This code just builds a SQL statement, fetches
the appropriate data, and binds it to the grid.

Sub ShowAuthors (Sender As Object, E As EventArgs)

Dim con As New SglConnection("Data Source=.; " &
"Initial Catalog=pubs; UID=sa; PWD=")
Dim cmd As SglCommand
Dim gry As String
con.Open ()
gry = "select * from authors where state='" & _
state.SelectedItem.Text & "'"

cmd = New SglCommand(gry, con)
DataGridl.DataSource = cmd.ExecuteReader ()
DataGridl.DataBind ()
con.Close ()

End Sub

</script>

This code isn't complex, although it may seem confusing at first glance. The rest of the book explains many of these
concepts in more detail, but we can easily see some of the benefits. The code is neatly structured, making it easy to
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write and maintain. Code is broken down into events, and these are only run when invoked. Chapter 4 contains a good
discussion of the page events, how they can be used, and the order in which they are raised.

What's also noticeable is that there's less code to write compared to an equivalent ASP page. This means that we can
create applications faster- much of the legwork is done by the controls themselves. What's also cool about the control
architecture is that we can write our own to perform similar tasks. Because the whole of the .NET platform is object
based, we can take an existing control and inherit from it, creating our own, slightly modified control. A simple example
of this would be a grid within a scrollable region. The supplied grid allows for paging, but not scrolling.

Summary

This chapter has been a real whistle-stop tour of why ASP.NET has come about, some of the great features it has, and
how easily we can create pages. We've looked at:

m The problems of ASP
m Why ASP.NET came about
m The differences between ASP and ASP.NET

m A simple example of an ASP.NET page

ASP is still a great product, and it's really important to focus on why we had to change, and the benefits it will bring in
the long term. Initially there will be some pain as you learn and move towards the .NET architecture, but ultimately
your applications will be smaller, faster, and easier to write and maintain. That's pretty much what most developers
want from life.

Now it's time to learn about the .NET Framework itself, and how all of these great features are provided.

Understanding the .NET Framework

In the previous chapter we saw how ASP.NET is a major evolution from ASP 3.0. ASP.NET provides a powerful new
server-side control architecture, which makes the development of very rich web pages easier than ever before. It has a
cleaner, event-based programming model, making web development much more like traditional VB forms programming.
This results in the average ASP.NET page requiring a lot less code than an equivalent ASP page, which in turn leads to
greater developer productivity and better maintainability. ASP.NET pages are also compiled, so web servers running
ASP.NET applications can expect to far exceed the performance and scalability levels of previous ASP applications.

ASP.NET is part of the .NET Framework: a new computing platform that simplifies and modernizes application
development and deployment on Windows.

The .NET Framework is many things, but it is worthwhile listing its most important aspects. In short, the .NET
Framework is:

m A platform designed from the start for writing Internet-aware and Internet-enabled applications that embrace
and adopt open standards such as XML, HTTP, and SOAP.

m A platform that provides a number of very rich and powerful application development technologies, such as
Windows Forms, used to build classic GUI applications, and of course ASP.NET, used to build web applications.

m A platform with an extensive class library that provides extensive support for data access(relational and XML),
directory services, message queuing, and much more.

m A platform that has a base class library that contains hundreds of classes for performing common tasks such as
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file manipulation, registry access, security, threading, and the searching of text using regular expressions.

m A language-neutral platform that makes all languages first class citizens. You can use the language you feel
most comfortable and productive with, and not face any limitations.

m A platform that doesn't forget its origins, and has great interoperability support for existing components that you
or third parties have written, using COM or standard DLLs.

m A platform with an independent code execution and management environment called the Common Language
Runtime (CLR), which ensures code is safe to run, and provides an abstract layer on top of the operating
system, meaning that elements of the .NET Framework can run on many operating systems and devices.

From a developer's perspective, the .NET Framework effectively supersedes the Windows development platform of old,
providing an all-new, object-oriented alternative (some would say replacement) for the WIN32 API, all language run-
times, technologies like ASP, and the majority of the numerous COM object models, such as ADO, in use today.

In this chapter we'll look at:

m The Microsoft vision for .NET, and why we need a new platform.
m The role and power of the Common Language Runtime (CLR).
m The key elements that comprise the .NET Framework.

m The key design goals and architecture of ASP.NET.

What is .NET?

When you first hear or read about .NET you may be a bit confused about its scope: What precisely is .NET? What
technologies and products comprise .NET? Is .NET a replacement for COM? Or is it built using COM?

There is no simple answer to what .NET is. Microsoft has really blurred the boundaries of .NET, which is of course
something we all know and love the Microsoft marketing division for. Ask anybody what Windows DNA is, and you'll get
15 different answers. The same confusion is now happening with .NET. To make the confusion worse, Microsoft has
dropped the Windows DNA name, and re-branded most of their server products (such as SQL Server 2000 and BizTalk
Server 2000) as .NET Enterprise Servers. This has left many people thinking that .NET is just DNA renamed, which, of
course, it isn't.

The Pieces of .NET

The way to cut through this confusion is to divide .NET into three main pieces:

m The .NET Vision - the idea that all devices will some day be connected by a global broadband network (that is,
the Internet), and that software will become a service provided over this network.

m The .NET Framework - new technologies, such as ASP.NET, that make .NET more than just a vision, providing
concrete services and technologies so that developers can today build applications to support the needs of users
connected to the Internet.

m The .NET Enterprise Servers - server products, such as SQL 2000 and BizTalk 2000, that are used by .NET
Framework applications, but are not currently written using the .NET Framework. All future versions of these
server products will support .NET, but will not necessarily be rewritten using .NET.

For developers, another important piece of the .NET platform is, of course, developer tools. Microsoft also has a major
new update of Visual Studio called Visual Studio .NET that is the premier development environment for .NET. However,
you can still develop .NET applications using Notepad, or any other IDE, which is what a lot of the Microsoft
development teams do.

The .NET Vision

For years now Microsoft has been investing heavily in the Internet, both in terms of product development, technology
development, and consumer marketing. I can't think of any Microsoft product or technology that isn't web-enabled
these days, and I can't think of any marketing material Microsoft has released that isn't Internet-centric. The reason for
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this Internet focus is that Microsoft is betting its future on the success of the Internet and other open standards such as
XML succeeding and being widely adopted. They are also betting that they can provide the best development platform
and tools for the Internet in a world of open standards.

The .NET framework provides the foundations and plumbing on which the Microsoft .NET vision is built. Assuming

the .NET vision becomes reality, one day very soon the whole world will be predominantly Internet enabled, with
broadband access available just about anywhere, at any time. Devices of all sizes will be connected together over this
network, trading and exchanging information at the speed of light. The devices will speak common languages like XML
over standardized or shared protocols such as HTTP, and these devices will be running a multitude of software on
different operating systems and devices. This vision is not specific to Microsoft, and many other companies, such as IBM
and Sun, have their own spin on it.

The .NET Framework provides the foundation services that Microsoft sees as essential for making their .NET vision a
reality. It's all well and good having a global network and open standards like XML that make it easier for two parties to
exchange data and work together, but history has shown that great tools and technologies that implement support for
standards are an important ingredient in any vision. Marketing drivel alone doesn't make applications: great developers
with great tools and a great platform do. Enter the .NET Framework.

The .NET Framework is the bricks and mortar of the Microsoft .NET vision. It provides the tools and technologies needed
to write applications that can seamlessly and easily communicate over the Internet (or any other network, such as an
intranet) using open standards like XML and SOAP. The .NET Framework also solves many of the problems developers
face today when building and deploying Windows DNA applications. For example, have you ever cursed at having to
shutdown ASP applications to replace component files, wished you didn't have to register components, or spent hours
trying to track down binary compatibility or versioning problems? The good news is that the .NET Framework provides a
solution to problems like these: no more registering components or shutting down applications to upgrade them!

Windows DNA was the name Microsoft gave to their n-tier development methodology before .NET was launched. The
name is now somewhat defunct, but the same principles (for the most part) still hold true in .NET.

Even better news is that the .NET Framework also solves many of the problems you're likely to experience in the future.
For example, ever considered how you're going to adapt your applications or web sites to run on or support small hand-
held devices? Have you thought about the impact of the up and coming 64-bit chips from Intel? Microsoft has, and
these are all catered for as part of .NET Framework.

So, the whole push towards the Internet stems from Microsoft's belief that all devices (no matter how small or large)
will one day be connected to a broadband network: the Internet. We will all benefit in unimaginable ways from the
advantages this global network will bring - your fridge could automatically send orders out to your local supermarket to
restock itself, or your microwave could download the cooking times for the food you put in it, and automatically cook it.
Wouldn't that be cool?

These ideas might sound a little futuristic, but manufacturers are already working on prototypes. Imagine that you were
part of a team working on one of these projects. Where would you start? How many technologies and protocols would
you need to use? How many languages? How many different compilers? Just thinking about some of these fairly
elementary issues makes my brain hurt. However, this is just the tip of the iceberg.

If a fridge were going to restock itself automatically, wouldn't it be cool to have it connect via the Internet to the
owner's local supermarket, or any other supermarket available in some global supermarket directory? The supermarket
systems and fridges would need to exchange information in some standard format like XML, ordering the goods and
arranging delivery. Delivery times would have to be determined, probably by the fridge, based upon the owner's
electronic diary (maybe stored on a mobile device or in a central Internet location - using My .Net Services, for
instance), telling the fridge when the owner will be at home to accept the delivery.

Mad as it sounds, I do believe applications like this will be available and very common in the next five to ten years. Our
lives as developers really are going to change a lot in the future, especially when web services are widely adopted. I
doubt that we'll all be programming fridges (although I know of people who are), but the Internet has already changed
our lives and careers dramatically, and that change isn't slowing down. More and more devices are going to get
connected, and if we are going to adapt quickly to these changes, we need a great toolset that enables us to meet the
time-to-market requirements of the Internet, and a toolset that also provides a consistent development strategy, no
matter what type of development we're doing.

Let's take a look at the former Windows DNA platform, and see why the platform and the tools we have today need to
be revamped for some of this next generation of web-enabled applications.

The Problems with Windows DNA

Microsoft Windows Distributed interNet applications Architecture (Windows DNA) started back in late 1996/early 1997,
when Microsoft began to recognize the potential of the Internet. They released Windows DNA to help companies
embrace their vision (and of course sell their platform).

Windows DNA was a programming model or blueprint that companies could use when designing n-tier distributed
component-based applications for the Windows platform. At that time, development of .NET had already begun inside
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Microsoft, although back then it was called COM+ 2.0.

Windows DNA applications did not have to use the Internet, but that was the primary focus for most companies. Over
the years Windows DNA grew and came to cover the various Microsoft products and services that could be used in an n-
tier application to provide functionality such as messaging and data storage.

The problem with Windows DNA was not the blueprint for design: indeed, the same n-tier designs still apply for .NET
applications. The problem with Windows DNA was that the enabling toolset provided by Microsoft and others was
primarily based upon old technologies like Microsoft Component Object Model (COM), whose origins date back to the
early 90s, and the Win32 API, which utilizes proprietary languages and protocols, which we all know are a bad thing
these days. This is, at least initially, possibly rather surprising. But just think of the pains you go through as a developer
today when building web applications. Do you think the Windows DNA platform is easy to use? Do you think the
platform is consistent? The answer is, of course, a resounding "no".

Let's review some of the most common problems associated with Windows DNA, and touch briefly on how .NET solves
these problems. Once we've covered a few of these problems, we'll really start to drill down into the driving technology
behind .NET, the Common Language Runtime (CLR). We'll see how these lower-level technologies really drive and
enable the development of higher-level technologies such as ASP.NET.

Stopping 24 x 7 Applications

Have you ever tried replacing a COM component on a production web server? Or even on a development machine?
Today, you have to stop the entire web site, copy a file across, and then restart the web site. Even worse, sometimes
you have to reboot a machine because COM/IIS just seem to get confused, and do not release files correctly. This is a
pain during the development of an application, and is unacceptable for production sites that must always be running.
This problem is caused by the way COM manages files such as DLLs: once they are loaded, you cannot overwrite them
unless they are unloaded during an idle period, which of course may never happen on a busy web server.

.NET components do not have to be locked like this. They can be overwritten at any time thanks to a feature called
Shadow Copy, which is part of the Common Language Runtime. Any applications you write, as well as Microsoft
technologies like ASP.NET, can take advantage of this feature, which prevents PE (portable executable) files such as
DLLs and EXEs from being locked. With ASP.NET, changes to component files that you create and place in the bin
directory- this is where components for an application live- are automatically detected. ASP.NET will automatically load
the changed components, and use them to process all new web requests not currently executing, while at the same
time keeping the older versions of the components loaded until previously active requests are completed.

Side By Side

Another difficulty with Windows DNA was that it was not easy to run two different versions of the same application
components side by side, either on the same machine, or in the same process. This problem is addressed by Windows
XP, but on pre-Windows XP systems, you typically have to upgrade an entire application to use the latest set of
components, or go through some serious development nightmares.

.NET allows different versions of the same components to co-exist and run side-by-side on the same machine and
within the same process. For example, one ASP.NET web page could be using version 1 of a component, while another
ASP.NET web page uses version 2, which is not compatible with version 1, but for the most part uses the same class
and method names. Based upon the dependencies for the web page (or another component) using a component, the
correct version of a component will be resolved and loaded, even within the same process. Running multiple versions of
the same code simultaneously is referred to as side-by-side execution.

Using side-by-side execution, we'll be able to run all future versions of ASP.NET side by side on the same machine
without conflict. The same will be true for the .NET Framework.

Scripting Limitations

If you're an ASP developer who is not that familiar with writing components (if at all), you have probably found it
annoying that you can't do everything you want to from within an ASP page. You may have had to write, find, or buy
components to expose the functionality you need to your pages, such as registry access and security, which, at the end
of the day, are all a standard part of the Windows Platform.

This problem is caused by the fact that ASP pages can only be written in scripting languages, which cannot directly
access the Win32 API, and also have many COM-related restrictions. This can be a real pain if you haven't got the
resources or time to invest in component development. Wouldn't it be nice if you could do everything within an ASP
page, and just use components when you have time, and when there is a benefit such as common code being reused?
Well, with ASP.NET you can take that approach.

ASP.NET pages can use all of the functionality of the .NET Framework. You no longer have to write components to work
around the problems of the scripting run-time (since there is no scripting run-time anymore). You can decide what code
goes into an ASP.NET page, and/or what goes in your components. There are no scalability issues with code in ASP.NET
page, although it's still good practice to create components for reasons of code reusability and maintenance.
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Versioning Hell (DLL Hell)

Undoubtedly the biggest problem with Windows DNA was versioning. When an application is built, it typically consists of
many intricately related pieces such as standard DLLs, ASP pages, and COM DLLs hosting components. ASP page X
might not be able to run without COM component Y, which requires DLL Z, which in turn is dependent upon more DLLs,
or specific versions of object models like ADO 2.6. All of these dependencies are implicit (not documented, visible, or
enforceable by the operating system), and have to be satisfied for an application to run smoothly.

If any of these application dependencies are broken, the application won't function correctly, or, worse still, your
application can break at run-time halfway through some important operation due to missing dependencies. Many
components are also dependent upon system-wide DLLs shared by many applications, and the system registry. It is
very easy today to break applications by simply installing another application, or accidentally changing the registry
using a tool like Regedit. Tracking these problems down can be a very difficult task, if not impossible.

To resolve versioning problems, .NET enables developers to specify versions and dependencies between different
software components. These dependencies are stored along with a component in what's called an assembly (think of an
assembly as something like a DLL or EXE file for now), and .NET uses this information to ensure application integrity is
maintained, reporting errors if components cannot be loaded, if missing dependencies are found, or even if files that
have been tampered with are detected.

To further reduce registration problems, .NET no longer uses the registry for component registration. Information about
the types (classes, structures, enums, etc.) is contained with the code, and this type information is retrieved directly
from the files at run-time. When an application instantiates a new type, such as a business object, the common
language runtime will scan the application directory for the component, then look at other predefined locations for the
component. Once a component is located, information about it is cached: for performance reasons, and reused on
subsequent requests. This decentralized registration reduces the chance that applications will interfere with each other
by mistake, and also removes the need to register and unregister components. This makes deploying applications much
easier, since all we have do is copy files into a directory.

The .NET Framework supports shared components, although, unless you're a component vendor, these are not
recommended. Shared components are installed in the global assembly cache (GAC), which can be thought of as a
system directory for holding component files.

Why We Need .NET

The problems we've discussed here about Windows DNA are just a few of many that you've almost certainly
encountered. These problems, combined with the inherent complexity of the Windows DNA platform, make it a less than
optimal platform for developing next generation applications, especially those that will run on non-standard devices, like
our fridge. Can you imagine the trouble you'd have to go to in order to actually implement the software required for an
Internet enabled e-fridge?

The good news is that .NET avoids many of the problems associated with the Windows DNA platform, by giving us a
brand-new Internet-centric platform.

.NET - A Clean Start

When programming applications for the Windows platform, there are a myriad of programming languages and
technologies that we can use. Depending on what programming language you choose, the technologies available are
typically very different, and can often be restrictive. For example, a C/C++ programmer who has to write a GUI
Application can either use the Microsoft Foundation Classes (MFC), the Windows Template Library (WTL), or the lower
level WIN32 APIs. A VB programmer has to use the VB forms package.

The problems with this approach are:

m  Microsoft spends more time developing two or more competing technologies, rather than focusing on improving
one shared technology.

m The availability of so many technologies that do the same thing can be confusing.

m  Multi-faceted developers who know multiple languages have to learn multiple technologies to achieve the same
results.

m Companies have to invest predominantly in one language, since cross-training can be time consuming and
expensive.

m Not all languages will necessarily expose the same functionality, or be as productive as each other. For example,
with C/C++ and MFC we can easily write MDI applications with docking toolbars and windows. With VB, we have
to buy a third-party package, or write the functionality ourselves. However, I can pretty much guarantee (from
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experience) that VB programmers are typically more productive because they spend less time debugging low-
level pointer errors.

These points and many others make the Windows DNA platform hard to understand. It often leads to confusion, and I
know many companies that have fallen foul of choosing the wrong technology/language, and hitting technical
implementation problems late in their schedules. Some people might argue using C/C++ for everything is the best
strategy, but then, of course, you'll probably miss your time-to-market goal because the developers are too busy
debugging their code all the time. There just aren't enough really good C/C++ programmers who actually want to
develop business applications. .NET helps solve these problems.

With .NET there is now just one clean object-oriented way of accessing the functionality of the .NET Framework and
building applications. All the best and most commonly used features of existing technologies have been merged
together into a single framework, as shown in the following diagram:

Consistent APl availability regardless of
language and programming model

MET Framework

«
RAD Subclassing, \ Stateless,
Composition, Power, Code embedded
Delegation o Expressiveness in HTML pages

VB Forms MFC/ATL ASP

A

Windows API

For example, when developing GUI applications, we use Windows Forms. Windows Forms is a consistent GUI framework
that exposes the same set of classes to any language supported by the .NET Framework. All languages typically also
have the same Visual Designers. This makes the development of GUI applications simple. We use one technology, and it
does not matter what language we use. The same simplicity also applies to building web applications using ASP.NET. No
longer do we have to choose between writing VB Web Classes, ISAPI Extensions, or ASP: we just use ASP.NET. It
provides all of the features application developers need and, again, all languages are equal and can access exactly the
same functionality.

VB Web Classes are not supported in .NET. They have been superseded by ASP.NET pages.

Of course, there are some downsides to .NET. If you're writing applications that require absolute performance, such as
real-time applications, or applications like SQL Server, .NET v1.0 might not be the platform for you. Although .NET has
huge benefits for the average application developer, it simply doesn't have the raw performance of a well-written
C/C++ application, although certain aspects of a .NET application (such as memory allocation) are faster than C/C++.
For reasons of performance and investment, many Microsoft teams will not be rewriting their applications using .NET;
instead, they will be .NET enabling them. For example, the next major release of SQL Server will enable us to write
stored procedures using .NET languages such as VB and C#.

So, No More Language Functionality Debates?
If you have programmed with VB before, no doubt you have been aware that C/C++ is a much more powerful language
for low-level development, and suffers from far fewer limitations than VB. With .NET, all programming languages are

first-class citizens. This means you can implement solutions in a programming language that your developers are
productive with, without any penalties. With version 1.0 of .NET there will be four languages shipped by Microsoft:

m Visual Basic .NET

n C#
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m JScript.NET

a MC++

There are no significant technical differences between these languages; so again, it's a matter of personal preference
and/or company benefits. One caveat to note is that some languages may perform marginally better (about 5%) than
others. My tests have shown that C# is marginally faster than VB, and MC++ (Managed C/C++) is faster than C#,
since it optimizes the output it creates. At the end of the day, performance really comes down to the abilities of the
compiler writers to generate good code, and this can be related to how long a compiler has been under development.

If performance is crucial to your applications, you may want to do some basic performance testing before choosing a
language. Eventually, one would assume all languages would be as fast as each other, so I personally wouldn't
recommend spending too much time worrying about this issue. Go with the language that will give you the most
productivity.

In case you're wondering, my language preference as a professional developer is C#. It's a clean, modern and easy-to-
use language that was designed specifically for the component-oriented world of the .NET Framework. It doesn't carry
around any of the baggage or quirks of other languages such as VB and MC++.

No More ASP-imposed Limitations

When we were writing the book Professional ASP 3.0 (ISBN 1-861002-61-0), we spent a lot of time pointing out the
limitations of ASP, and explaining that for many tasks, it was necessary to create COM components. With ASP.NET,
these limitations essentially disappear, since Active Scripting engines are no longer used, but are replaced by proper
type-safe languages such as Visual Basic .NET.

Anything that we can do from within a .NET class we can do in an ASP.NET page. This means that rather than having to
always use components to develop our n-tier web application, we now have the choice of when, how, and if we use
them. This flexibility in ASP.NET stems from the fact that all ASP.NET pages are converted into classes and compiled
into a DLL behind the scenes. Of course, the fact that we now have this newfound flexibility doesn't mean we should be
silly and forget everything we've learned in the past. We should still use components to encapsulate data access and
other common functionality used in our applications, and we certainly shouldn't go mad and do crazy things like trying
to display a Windows Form in an ASP.NET page!

Multiple Platform Support

.NET has been designed with multiple platform support as a key feature. For version 1.0 of .NET, this means that code
written using the .NET Framework can run on all versions of Windows: Windows 95, 98, 98SE, Windows NT, Windows
2000, Windows XP, and so on. Depending upon the class libraries used, the same code will also execute on small
devices on operating systems such as Windows CE, which will run a special compact edition of .NET. However, unlike
Java, .NET does not promise that all classes will work on all platforms.

Rather than restricting the class libraries available in .NET to cover functionality that's only available on all platforms,
Microsoft has included rich support for all platforms. As developers, it's down to us to make sure we only use the .NET
classes that are supported on those platforms (although it's expected that Microsoft will provide tools to help with this
process). Work in this area has already started with the definition of the Common Language Specification (CLS).
Microsoft is working on the CLS with HP, Intel, IBM, and other companies, so, who knows, we could also get versions
of .NET not written by Microsoft, which run on other platforms.

An exciting prospect for companies is that the .NET code you write today will also work under 64-bit versions of
Windows without change. If you ever ported a 16-bit application to 32-bit Windows, you'll appreciate the time, effort,
and pain this saves. This is possible since .NET natively supports 64-bit types such as System. Int64, which, in VB, is
called the Long type.

Targeting multiple platforms with .NET does introduce the potential for well-known Java problems to hit companies.
Since the code is being compiled dynamically on different platforms, the compilation process will result in different
native code. Even with the best intentions in the world, this could lead to some bugs appearing in code, especially if the
JIT compiler for a given platform has bugs, or just compiles things differently. You should be prepared to QA your
products on the .NET platforms you are going to support. Even so, the benefits and money saved by the reduced
development time makes this an exciting time.

Looking forward, it is expected that .NET will run on other platforms such as UNIX, although it is unlikely that the whole
of the .NET Framework will be supported, probably just the languages and the base class libraries. Microsoft is keeping
these plans very quiet at the moment, but they are on the table, and they are being researched. Once again though,
even if Microsoft does deliver .NET on a non-Windows platform, it's unlikely they will want to invest significantly in other
platforms, so the amount of functionality available to .NET applications on these platforms is likely to be reduced, so we
might expect to lose COM+ services such as transaction support.

Performance
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Since day one, an important design goal for .NET has been great performance and scalability. For .NET to succeed,
companies must be able to migrate their applications, and not suffer from poor performance due to the way code is
executed by the CLR. To ensure optimal performance, the CLR compiles all application code into native machine code.
This conversion can either be done just in time as an application runs (on a method-by-method basis), or when an
application is first installed. The compilation process will automatically make use of the microprocessor features
available on different platforms, something traditional Windows applications could never do, unless you shipped
different binaries for different platforms.

With the first version of ASP.NET you can expect well-written web applications to run two to four times faster than
equivalent ASP applications, with similar gains in the area of scalability. In other areas of .NET, such as Windows Forms,
performance is likely to be similar to VB6 for most applications, with memory usage increasingly slightly, due to
overhead introduced by the CLR and a version 1.0 product release. As subsequent versions of the CLR and technologies
like Windows Forms are released, you'll find that each release will have a smaller memory footprint and better
performance.

Hopefully, by now you're starting to understand how .NET can help solve many of the problems developers face today
when writing software. It replaces a lot of older technologies like COM (although COM is certainly not dead), with
better-designed equivalents. At the heart of this new platform is the Common Language Runtime (CLR).

The Common Language Runtime (CLR)

The CLR is one of the most radical features of .NET. Modern programming languages like VC++ and VB have always
had runtimes. These are sometimes very small, like MSCRT40.DLL (used by Visual C++ applications), and other times,
they can be quite big, like MSVBVM60.DLL (used by Visual Basic 6).

A language runtime's role changes depending on the language: it may actually execute the code (as in the case of Java,
or VB applications compiled using p-code), or in the case of native compiled languages (like C/C++), the runtime
provides common functionality used by the application. Some of this runtime functionality may be used directly by an
application, such as searching for a character sequence in a string, or indirectly by a compiler that injects additional
code during the compilation process to handle error situations or exceptions, such as the user aborting an application.

The CLR is a runtime for all .NET languages. It is responsible for executing and managing all code written in any
language that targets the .NET platform.

The role of the CLR in some ways is similar to Sun's Java Virtual Machine (JVM) and the VB runtime. It is responsible for
the execution of code developed using .NET languages. However, the critical point that differentiates the CLR is that it
natively compiles all code. Although .NET compilers emit Intermediate Language (IL) rather than machine code, the IL
is just-in-time (JIT) compiled before code is executed. IL is not interpreted, and is not byte code, like p-code used by
VB, or the byte code used by Java. IL is a language. It is compiled, converted into machine code, and then executed.
The result is that applications that target .NET, and execute on the CLR, have exceptionally good application
performance.

To complement IL, compilers that target the CLR also emit rich metadata that describes the types contained with a DLL
or EXE (similar to COM type libraries but much richer) and version/dependency information. This metadata allows the
CLR to intelligently resolve references between different application files at runtime, and also removes the dependency
on the system registry. As we discussed earlier, these are two common problem areas for Windows DNA applications.

CLR Services

The CLR provides many core services for applications such as garbage collection, code verification, and code access
security. The CLR can provide these services due to the way it manages code execution, and the fact that, thanks to the
rich metadata compilers produce, it can understand all types used within code.

Garbage collection is a CLR feature that automatically manages memory on behalf of an application. We create and use
objects, but do not explicitly release them. The CLR automatically releases objects when they are no longer referenced
and in use. This eliminates memory leaks in applications. This memory management feature is similar in some ways to
how VB works today, but, under the hood, the implementation is radically different and much more efficient. A key
difference is that the time at which unused memory will be released is non-deterministic. One side effect of this feature
is that we cannot assume an object is destroyed when it goes out of the scope of a function. Therefore, we should not
put code into a class destructor to release resources. We should always release them in the code using a class, as soon
as possible.

Code verification is a process that ensures all code prior to execution is safe to run. Code verification enforces type
safety, and therefore prevents code from performing illegal operations such as accessing invalid memory locations. With
this feature it should not be possible to write code that causes an application to crash. If code does do something
wrong, the CLR will throw an exception before any damage is inflicted. Such exceptions can be caught and handled by
an application.

Code access security allows code to be granted or denied permissions to do things, depending on the security
configuration for a given machine, the origins of the code, and the metadata associated with types that the code is
trying to use. The primary purpose of this feature is to protect users from malicious code that attempts to access other
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code residing on a machine. For example, with the CLR, we could write an e-mail application that denies all rights to
code contained within an e-mail, and to use other classes such as the address book or file system.

Managed Code

The code produced for an application designed to run under the CLR is called managed code: self-describing code that
makes use of the CLR and requires it to run. Code written with languages like VB6 that doesn't provide IL and doesn't
need the CLR to run is called unmanaged code. For managed code, the CLR will:

m Always locate the metadata associated with a method at any point in time.
m Walk the stack.
m Handle exceptions.

m Store and retrieve security information.

These low-level requirements are necessary for the CLR to watch over code, provide the services we've discussed, and
ensure its integrity for security/protection reasons.

Common Functionality

The CLR provides access to common base functionality (such as string searching) for all languages via the Base Class
Library (BCL). The CLR is basically a replacement for the WIN32 API and COM, which solves nearly all the problems (or,
should I say, features) of the Windows Platform. In doing this, it provides the foundation on which the .NET vision has
been realized, since most of the Windows DNA limitations stem from features of these technologies. More importantly
for VB developers, the WIN32 API provided a lot of functionality they could not easily use, such as process creation and
free-threaded support. Since that functionality is now part of the CLR, VB (and other languages such as COBOL) can
now create high performance multi-threaded applications.

The CLR is object-oriented. All of the functionality of the CLR and the class libraries built on top of it are exposed as
methods of objects. These classes are as easy to use as the ASP intrinsic objects and ADO objects we previously used,
but are far richer in functionality.

Using Objects
To show how to create and use objects with the CLR, let's walk through some simple examples. In these, we will see

how to:

m Create a class in VB

m Create a class in C# that inherits from the VB class

Let's start by creating our simple VB class:

Namespace Wrox.Books.ProASPNet
Public Class MyVBClass
End Class

End Namespace

Don't worry about what the Namespace statement means for the moment - we'll come onto that next.

Assuming this class is contained in a file called base.vb, we can compile it using the following command, which
invokes the Visual Basic .NET command line compiler:

vbc base.vb /t:library

The output of the command is a DLL called base.d11 that contains the class MyVBClass. The /t:1library tells the
compiler that we are creating a DLL. Any other developer can now use our class in their own code written using their
preferred language.

To show the in-class inheritance feature of the CLR, and to show how easy inheritance is, we can create a class in any
other language (in this case C#) that derives from our base VB class. This C# class inherits all of the behavior (the



Brought to you by mcsd2000 36

methods, properties, and events) of the base class:

using Wrox.Books.ProASPNet;

public class MyCSharpClass : MyVBClass
{

}i

Assuming this is contained in a file called derived.cs, we could compile it using the following command, which
invokes the C# command line compiler:

csc /t:library /r:base.dll derived.cs

csc is the name of the C# compiler executable. /t:1ibrary (tis short for target) tells the compiler to create a DLL
(referred to as a library). /r:base.dll (ris short for reference) tells the compiler that the DLL being created
references types (classes etc.) in the DLL base.d11.

You'll find a more comprehensive introduction to the syntax changes in the new .NET languages, as well as the
similarities and differences between them, in the next chapter. We'll also see more on the syntax of the compiler
options, and discuss JScript.NET.

This simple example doesn't have any real practical use (since there are no methods, etc.), but hopefully it goes some
way in demonstrating how easy and simple building components with the CLR and Visual Basic .NET and C# is. There is
no nasty COM goo, just clean code.

This code example is so clean because the CLR is effectively responsible for all of the code. At run-time it can hook up
the classes to implement the inheritance in a completely seamless way. The CLR really couldn't make cross-language
development and integration any simpler. We can create classes in any language we want, and use them in any other
languages we want, either just instantiating and using them, or, as in this example, actually deriving from them to
inherit base functionality. We can use system classes (those written by Microsoft) or third-party classes in exactly the
same way as we would any other class we'd written in our language of choice. This means the entire .NET Framework is
one consistent object-oriented class library.

Namespaces

As we'll see in the next chapter, we'll create and use many different types when writing a CLR application. Within our
code we can reference types using the imports keyword in Visual Basic .NET, and the using keyword in C#. In the VB
class definition we had the following line:

Namespace Wrox.Books.ProASPNet

In .NET everything is referred to as a "type". A type can be a class, enumeration, interface, array, or structure.

The namespace declaration tells a compiler that any types (such as classes or enumerations) defined are part of the
specified namespace, which in this case is called Wrox .Books.ProASPNET. If we want to use these classes in another

application, we need to import our namespace. In our C# code we saw this namespace import definition defined as:

using Wrox.Books.ProASPNet;

This namespace import declaration makes the types within the Wrox.Books.ProASPNET namespace available to any
of the code in our C# file.

Namespaces have two key functions:

m They logically group related types. For example, System.Web contains all ASP.NET classes that manage the
low-level execution of a web request. System.Web.UI contains all of the classes that actually render UI, and
System.Web.Hosting contains the classes that aid in ASP.NET being hosted inside IIS or other applications.

m They make name collision less likely. In an object-oriented world, many people are likely to use the same class
names. The namespace reduces the likelihood of a conflict, since the fully qualified name of a class is equal to
the namespace name plus the class name. You can choose to use fully qualified names in your code, and forgo
the namespace import declaration, though you'll typically only do this if you have a name collision.

Namespaces do not physically group types, since a namespace can be used in different assemblies (DLLs and EXEs).
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Namespaces are used extensively in the CLR, and since ASP.NET pages are compiled down to CLR classes, you'll also
use them extensively in your ASP.NET pages. For this reason, ASP.NET automatically imports the most common names
into an ASP.NET page. As we'll see later in the book, we can extend this list to include our own classes.

It helps to think of namespaces as directories. Rather than containing files, they contain classes. However, a namespace
called Wrox .MyBook does not mean a namespace called Wrox exists. It is likely that it does, but it is not mandatory.

A Common Type System

For interoperability to be so smooth between languages, the CLR has a common type system. Languages like VB have
built-in primitive types such as Integer, String, and Double. C++ has types like long, ulong, and char*.
However, these types aren't always compatible. If you've ever written a COM component, you'll know that making sure
your components have interfaces that are usable in different languages depends a great deal on types. You'll often
spend a lot of time converting types, and it's a real pain. For the CLR to make crosslanguage integration so smooth, all
languages have to use a common type system.

The following table lists the types that form part of the Common Language Specification (CLS), and defines the types
usable in any language targeting the CLR:

Type ||Description ||Range/Size
System.Boolean Represents a Boolean |[|True or False. The .C.LS does not allow implicit conversion between
value. bool and other primitive types.
System.Byte Represents an unsigned Positive integer between 0 and 255.
byte value.
System.Char Represents a UNICODE |5 \4lid UNICODE character.
character value.
IEEE 64-bit (8-byte) long integers that represent dates ranging from 1
System.DateTime Eﬁ‘pgis‘_jztes a date and January 1 CE (the year 1) to 31 December 9999 and times from
) 0:00:00 to 23:59:59.
System.Decimal E:p;‘:if/z”f;z‘;ss'tmha;g 79,228,162,514,264,337,593,543,950,335 to negative
) egat S 79,228,162,514,264,337,593,543,950,335.
significant digits.
Represents a 64-bit . .
o L. Negative 1.79769313486231570E+308 to positive
System.Doubl
ystem.Double ||double precision, floating ||, 59769313486231570E+308.
point number.
System.Intl6 R_epresc_ants a 16-bit Negative 32768 to positive 32767.
signed integer value.
System.Int32  |[Represents a 32-bit Negative 2,147,483,648 to positive 2,147,483,647.
signed integer value.
Represents a 64-bit Negative 9,223,372,036,854,775,808 to positive
Syst .Int64 ’ ! ! ! ! !
ystem. in signed integer. 9,223,372,036,854,775,807.
System. Sbyte R_eprese_:nts an 8-bit Negative 128 to positive 127.
signed integer.
Represents a 4-byte,
System.Single ([|single precision, floating [|Negative 3.402823E38 to positive 3.402823E38.
point number.
Represents a period of . . . .
. . - . The MinValue field is negative 10675199.02:48:05.4775808. The
Syst T S
ystem.TimeSpan||time, either positive or |-/ 1 e field is positive 10675199.02:48:05.4775807.
negative.
Table continued on following page
|Type ||Description ||Range/Size |
|SYStem- String”Represents a UNICODE String. ||Zero or more UNICODE characters. |
System.Array [|Represents a single dimension array. Range is based upon declaration/usage. Arrays can contain
other arrays.
System.Object The bz?se type from which all other N/A
types inherit.

Different languages use different keywords to expose these types. For example, VB will convert variables you declare as
type Integer to System.Int32 during compile time, and C# will convert int into System.Int32. This makes
working with different languages more natural and intuitive, while not compromising any goals of the CLR. You can of
course declare the native CLR type names in any language, but you typically wouldn't do this unless the language did
not have its own native mapping. This is another great feature of the CLR. If the language doesn't support a feature,
you can usually find some .NET Framework classes that do.



Brought to you by mcsd2000 38

All types derive from System.Object. This class has four methods. All of these methods are available on all types:

Allows two object instances to be compared for equality. Most CLR classes override this and provide a
Equals custom implementation. For example, System.ValueType has an implementation that compares all
members' fields for equality. Value types are discussed shortly.

Returns a hash code for the object. This function is used by classes such as Hashtable to get a
GetHashCode||unique identity for an object. Two objects of the same type that represent the same value will always
return the same hash code.

Returns a Type object that can be programmatically used to explore the methods, properties, and

GetType . . .
events of a type. This feature of the CLR is called reflection.

Returns a string representation of the type. The default implementation returns the fully-qualified type
ToString name suitable in aiding debugging. Most CLR types override this method and provide a more useful
return value. For example, System.Int32 will return a string representation of a number.

Common Language Specification

Some languages can require types that other languages do not support. To allow for this, there are additional CLR types
that support the functionality required for specific languages such as C#. However, one caveat with sharing CLR classes
created with different languages means that there is the potential that a class will not be usable in certain languages if
its types are not understood. For example, the C# language has types such as unsigned longs that are not available in
languages such as VB, so a C# class that uses unsigned longs as part of its public member definitions cannot be used
in VB. However, the same class can be used if such types are used in non-public member definitions. To help ensure
types created by different languages are compatible, a common set of base types exists to ensure language
interoperability. This is part of what is called the Common Language Specification (CLS). Most CLR compilers have
options to flag warnings if non-CLS types are used.

Everything in the CLR is an Object

Every type in the CLR is an object. As we saw in the previous table, all types are derived from System.Object. When
we define our own custom types such as classes, structures, and enumerations, they are also automatically derived
from System.Object, even though we don't explicitly define this inheritance. When a class is compiled, the compiler
will automatically do this for us.

As every type has a common base type (System.Object), we can write some very powerful generic code. For
example, the System.Collections namespace provides lots of collection classes that work with System.Object:
for instance, the Hashtable class is a simple dictionary class populated using a name and a System.Object
reference. By using either a name or an index, we can retrieve an object reference from the collection very efficiently.
Since all types derive from System.Object, we can hold any type in a Hashtable.

Value Type and Reference Types

If you're a C/C++ developer or an experienced VB programmer, you're probably thinking that having every type in the
CLR as an object is expensive, since primitive types such as integer and long and structure in VB6 and C/C++
only require space to be allocated on the stack, whereas object references require allocated space on the heap. To avoid
having all types heap allocated, which would compromise code execution performance, the CLR has value types and
reference types.

m Value types are allocated on the stack, just like primitive types in VBScript, VB6, and C/C++.

m Reference types are allocated on the managed CLR heap, just like object types.

It is important to understand how the CLR manages and converts these types using boxing and unboxing, otherwise
you can easily write inefficient code.

Value types are not instantiated using new (unless you have a parameterized constructor), and go out of scope when
the function they are defined within returns. Value types in the CLR are defined as types that derive from
System.ValueType. All of the CLR primitive types such as System.Int32 derive from this class, and when we define
structures using Visual Basic .NET and C# those types automatically derive from System.ValueType.

Here is an example Visual Basic .NET structure that represents a CLR value type called Person:

Public Structure Person
Dim Name As String

Dim Age As Integer
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End Structure

The equivalent C# structure is:

Public Struct Person
{

string name;

int age;

}

Both compilers will emit IL that defines a Person type that inherits from System.ValueType. The CLR will therefore
know to allocate instances of this type on the stack.

Boxing

When using CLR classes such as the Hashtable (discussed in Chapter 15) that work with collections of
System.Object types, we need to be aware that the CLR will automatically convert value types into reference types.
This conversion happens when we assign a value type, such as a primitive type like System.Int32, to an object
reference, or vice versa.

The following code will implicitly box an Integer value when it is assigned to an object reference:

//C#

int 1 = 32;

object o = i;

'VB

dim i1 as Integer = 32
dim o as object = 1

When boxing occurs, the contents of a value type are copied from the stack into memory allocated on the managed
heap. The new reference type created contains a copy of the value type, and can be used by other types that expect an
object reference. The value contained in the value type and the created reference types are not associated in any way
(except that they contain the same values). If we change the original value type, the reference type is not affected.

The following code explicitly unboxes a reference type into a value type:

//C#

object o;int i = (int) o;
'VB

dim o as object

dim i as Integer = CType (o, Integer)

In this example you need to assume the object variable o has been previously initialized.
When unboxing occurs, memory is copied from the managed heap to the stack.

Understanding boxing and unboxing is important, since it has performance implications. Every time a value type is
boxed, a new reference type is created, and the value type is copied onto the managed heap. Depending on the size of
the value type, and the number of times value types are boxed and unboxed, the CLR can spend a lot of CPU cycles just
doing these conversions.

To put all this type theory into practice, take a look at the following Visual Basic .NET code, which illustrates when value
types and reference types are used, and when boxing and unboxing occurs:

Imports System.Collections

Imports System

We start by declaring a simple structure called Person that can hold a name and an age. Since structures are always
value types (remember compilers automatically derive structures from System.ValueType), instances of this type will
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always be held on the stack:

Public Structure Person
Dim Name As String
Dim Age As Integer

End Structure

Then we begin our main module:

Public Module Main
Public Sub Main ()
Dim dictionary As Hashtable
Dim p As Person

First, we create a Hashtable. This is a reference type, so we use New to create an instance of the object, which will be
allocated on the managed CLR heap:

dictionary = new Hashtable ()

Hashtable and other collections classes are explained in more detail in Chapterl5.

Next, we initialize our Person structure with some values. This is a value type, so we don't have to use New, since the
type is allocated automatically on the stack when we declare our variable:

p.Name = "Richard Anderson"
p.Age = 29

Once our Person structure is initialized, we add it to the dictionary using a key of "Rich". This method call will
implicitly cause the value type to be boxed within a reference type, as we discussed, since the second parameter of the
Add method expects an object reference:

dictionary.Add( "Rich", p )

Next, we change the values of the same Person structure variable to hold some new values:

p.Name = "Sam Anderson"
p.Age = 28

and add another person to the dictionary with a different key. Again, this will cause the value type to be boxed within a
reference type and added to the dictionary:

dictionary.Add( "Sam", p )

At this point, we have a Hashtable object that contains two reference types. Each of these reference types contains
our Person structure value type, with the values we initialized.

We can retrieve an item from the Hashtable using a key. Since the Hashtable returns object references, we use the
CType keyword to tell Visual Basic .NET that the object type returned by the Item function is actually a Person type.
Since the Person type is a value type, the CLR knows to unbox the Person type from the returned reference type:

p = CType( dictionary.Item("Rich"), Person )

And now we can use the Person type:

Console.WriteLine ("Name is {0} and Age is {1}", p.Name, p.Age )
End Sub

End Module
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Language Changes

The CLR supports a rich set of functionality. To enable languages like VB to make use of these capabilities, the language
syntax has to be enhanced with new keywords. The CLR functionality may be common to all languages, but each
language will expose the functionality in a way that suits that language. As our simple inheritance example showed
earlier, both Visual Basic .NET and C# explicitly define the start and end of a class (VB used to do this implicitly via the
file extension), but the keywords used are different.

We'll investigate the language changes fully in Chapter 3.

Assemblies - Versioning and Securing Code

We discussed earlier how one of the biggest problems with Windows DNA applications was the number of implicit
dependencies and versioning requirements. One application can potentially break another application by accidentally
overwriting a common system DLL, or removing an installed component. To help resolve these problems, the CLR uses
assemblies.

An assembly is a collection of one or more files, with one of those files (either a DLL or EXE) containing some special
metadata known as the assembly manifest. The assembly manifest defines what the versioning requirements for the
assembly are, who authored the assembly, what security permissions the assembly requires to run, and what files form
part of the assembly.

An assembly is created by default whenever we build a DLL. We can examine the details of the manifest
programmatically using classes located in the System.Reflection namespace. To keep our discussion focused, we'll
use a tool provided with the .NET SDK called ILDASM (Intermediate Language Disassembler). You can run this tool
either from a command prompt or via the Start bar Run menu.

When the tool is running, we can use the File | Open menu to open up the derived.dll created in our simple

inheritance sample earlier. Once loaded, ILDASM shows a tree control containing an entry for the assembly manifest,
and an entry for each type defined in that DLL:

£ C:wrox'Books'ProAspNet4885',5amples’,CH2' o0’ der i [m]

File Wiew Help

8- CivwwroxBooks\Prodeph et4338545 ampleshCH2vooderived. dll
P MANIFEST
=-JJF MyCSharpClass
o B class public auto ansi beforefieldiit
----- P estend: [bazelwiox.Books PradSPMet MyWBClass
L ctor : void])

.{]assembly derived ﬂ

Kl [~

Although the type information for MyCSharpClass is part of our DLL, it is not part of the assembly manifest. It is,
however, part of the assembly.

If we double-click on the MANIFEST entry, we'll see the manifest definition:
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The manifest is stored as binary data, so what we are seeing here is a decompiled form of the manifest, presented in a
readable form. The .assembly extern lines tell us that this assembly is dependent upon two other assemblies: base
and mscorlib. mscorlib is the main CLR system assembly, which contains the core classes for the built-in CLR types,
etc. We created the assembly base earlier when we built our file base.vb. The default name of the assembly created

by a compiler reflects the output filename created, minus the extension. If we'd used the following command line to
build our VB DLL from earlier:

vbc base.vb /out:Wrox.dll
the assembly created would be called Wrox, and the output from ILDASM for derived.dll should show a .assembly
extern line for Wrox instead of base

In the screenshot of the manifest, we can see that the reference to the base assembly from within the derived assembly
has two additional attributes:

m .ver - Specifies the version of the assembly compiled against. The CLR uses the format
Major:Minor:Build:Revision for version humbers. An assembly is considered incompatible if the Major or
Minor version numbers change.

m .hash - A hash value that can be used to determine if any of the files in the referenced assembly are different.

The mscorlib assembly reference has one additional attribute worth briefly discussing:

m .publickeytoken - This specifies part of a public key that can be used by the CLR when loading the reference

assembly, to100% guarantee that only the named assembly written by a given party (in this case Microsoft) is
loaded.

The .assembly derived section of the manifest declares the assembly information for the derived .d11 file. This has
similar attributes to the external manifests. By default the version of an assembly is 0.0.0.0. To change this it is
necessary to specify an assembly version attribute in one of the source files. Visual Studio .NET typically creates a
separate source file to contain these attributes, but we can define them anywhere we choose, providing it's not within
the scope of another type definition.

In Visual Basic .NET the format for assembly attributes is:

<assembly: AssemblyVersion("1.0.1.0")>

This would make the assembly version appear as 1.0.1.0. Within C# the format is slightly different, but has the same
net effect:

[assembly: AssemblyVersion("1.0.1.0")]

To use assembly attributes we have to import the System.Reflection namespace.

Attributes are a feature of CLR compilers that enable us to annotate types with additional metadata. The CLR or other
tools can then use this metadata for different purposes, such as containing documentation, information about COM+
service configuration, and so on.
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Are Assemblies Like DLLs?

For the most part, we can think of a DLL and an assembly as having a one-to-one relationship. Most of the time, we
would probably use them this way, but for special cases we can use the more advanced features of the command line
compilers to create assemblies that span multiple DLLs, a single EXE, and either contain or link to one or more resource
files.

The following diagram shows the basic structure of a typical assembly:

System.Web Assembly

System.Web.DLL

A Type
Manifest Metadata |
IL Resources

This diagram illustrates the System.Web assembly. This assembly consists of a single file, System.Web.DLL. The
System.Web.DLL contains the assembly manifest, the type metadata that describes the classes, etc., which are
located within the System.Web.DLL file, the IL for the code, and resources for embedded images. The embedded
resources within this System.Web.DLL are mainly images used in Visual Studio .NET to represent web controls.

If the designers of this assembly had chosen to do so, they could have created a multi-file assembly (complex
assembly) like this:

System.Web Assembly

System.Web.Core.DLL

. Type

Ma“'fESt‘ Metadata
Cl1.EMP

IL ‘ Resources I

C2.GIF

System.Web.Extra.DLL

I Type

Metadata

The System.Web assembly in this diagram consists of four files:

m System.Web.Core.DLL - contains the assembly manifest describing all the other files and dependencies of

those files, the type metadata for the classes located within the file (not the whole assembly), the IL for the
code within the classes, and some embedded resources.

m System.Web.Extra.DLL - contains the type metadata for the classes, etc., located within the file (not the
assembly), and the IL for code within the various classes.
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m C1.BMP - A picture in bitmap format.

m C2.GIF - A picture in Graphic Interchange Format (GIF).

Although the physical file structure of these assemblies is different, to the CLR they have the same logically structure.
Both expose the same types, and consumers of the types within the assembly are not affected, since they only ever
reference types using namespaces.

All files within an assembly are referred to as modules. A namespace can span one or more modules. A nhamespace can
also span across one or more assemblies. The physical structure of an assembly has no impact or relation to the
namespace structure.

The reasons for creating a multi-file assembly vary. They may be appropriate if you're working in a large team and want
to be able to bring individual developer's modules together within a single assembly that is version controlled. Or more
practically, you might want to manage memory consumption. If you know certain classes are not always needed,
putting them into a separate physical file means the CLR can delay loading that file until the types within it are needed.

For a lot of applications, using complex assemblies is probably overkill. Even if you don't use the versioning features
assemblies provide, you should still be aware of how type versioning within assemblies occurs.

It is necessary to try to make sure that your business components are kept compatible with the ASP.NET pages that call
them. We are creating private assemblies when we build component files like DLLs that are only used by our
application, but for the most part, this is an implementation detail we can ignore. However, if we want to share
component files across multiple web applications, we may need to create shared assemblies and put them in the GAC,
and understand the more complex versioning implications these have.

No More DLL Hell

The CLR can load multiple versions of the assembly at the same time. This basically solves DLL hell - the problem where
installing a new application might break other applications, because newer DLLs are installed that older applications are
not compatible with. This is known as side-by-side component versioning and deployment.

Type Versioning

If you have ever written a COM component, you have probably experienced binary-compatibility problems. This is
typified by needing to change a component's public interface (adding, changing, or deleting methods) once it has
already been released. The rules of COM say that once a component is released, its interface is immutable: it should not
be changed. If you do need to make changes then your component should support multiple interfaces. This approach
has a number of problems:

m It's difficult to manage multiple interfaces, and almost impossible not to break compatibility by mistake.
m VB6 never really supported interfaces properly, so implementing interfaces has always been a black art.

m  Most application developers don't want to version individual components.

Versioning in ASP web applications to date has shielded many developers from these problems. ASP pages always used
late binding to talk to COM components. Each time a method was called, the script engine executing the ASP page code
determined whether the method existed, invoking it if it did. If a method did not exist, an error would be raised.

This late binding approach is actually pretty good in some ways. ASP developers don't have to worry too much about
versioning - as long as the methods called for each object are supported, the page will still work. The only drawback of
this approach, which can be a significant cost, is a small performance hit per method call to find out if a method exists.

The CLR provides late-binding versioning for types in a similar way to late binding in COM/ASP, but there is no
performance hit. When the CLR loads a type such as a class, it knows what methods of other types that class is going to
call. It can therefore resolve these references at run-time at a method level, generating early-bound code to call each
method. This means the programmer only has to worry about keeping method signatures the same to maintain binary
compatibility. It is possible to support interfaces and use the same technique as COM, but Microsoft discourages this
unless it is really necessary. If an interface changes, all classes implementing the interface have to be recompiled.

If you do break compatibility in a component it will show itself quickly. For example, if an application calls into a
component that no longer supports a method it needs, the CLR will raise a MissingMethodException. If an
application tries to use a type that has been deleted, or a type that doesn't implement all of the methods of an
interface, a TypeLoadException will be thrown. These can be caught by the caller application, and they usually
contain detailed messages to explain what went wrong.

.NET provides a platform that enables us to start implementing next generation Internet applications, with more power
and speed than ever before. It also enables us to capitalize on our existing knowledge of VB, C/++, and JScript, as well
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as introducing enhancements to all the languages (like inheritance, polymorphism, and multi-threading) - not to
mention the brand new language C#, designed to work from the ground up with the .NET Framework.

The reason for not giving .NET DLL/EXE files a different extension is compatibility.

CLR and COM

At this point you're probably beginning to ask yourself where the Component Object Model (COM) fits into the CLR. The
simple answer is that it doesn't. From a technology perspective COM is not used as a core technology to power the CLR.
The CLR is written from the ground up, and COM is only used for interoperability and hosting. Interoperability enables
us to use existing COM components within .NET languages, just as if they were CLR classes, and to use CLR classes as
COM components for non-CLR applications. Hosting the CLR inside applications (such as IIS) is achieved using COM, as
the CLR provides a set of COM components for loading and executing CLR code.

The fact that the CLR is not COM-based signals that COM will no longer be a mainstream technology for web
applications written on the Windows platform in future. This means that most of the concepts you may use as a C/C++
programmer, or may have been aware of as a VB programmer, are not part of the .NET Framework. For example, in the
world of COM, all objects were reference counted; all COM methods returned an HRESULT, etc. However, the concept of
interface-based programming is still prevalent within .NET, so the COM way of thinking about things in terms of
interfaces is still valid. Still, most people will probably switch interfaces to base classes for productivity reasons.

Internally, Microsoft is promoting the idea that teams should no longer build and release new COM components. The
way forward is to create .NET components that are exposed through interop as COM components.

Intermediate Language

We're not going to cover IL in any great depth in this book, but to get a feel for it, consider this line of Visual Basic .NET
code:

System.Console.WritelLine (".NET makes development fun and easy again")

It calls the WriteLine method of the Console class, which is part of the System namespace. A namespace, as we
saw, provides a way of grouping related classes. When compiled and run as part of a console application, this line of
code will basically output the simple message to a console window. We could write this same line of code in IL, as
follows:

ldstr ".NET makes development fun and easy again"
call void [mscorlib]System.Console::WritelLine (string)

This code uses the same API call, except it is prefixed with [mscorlib], which tells the CLR that the API we're calling
is located in the file MSCORLIB.DLL. The first line shows the way in which parameters are passed to an API. The 1ldstr
command loads the specified string onto the call stack, so the API being called can retrieve it.

If we took our simple VB code and used the Visual Basic .NET compiler to compile it, the output produced would be an
executable file that contains IL similar to that which we have just seen. The IL would not be identical since the VB
compiler actually produces some additional initialization IL, which isn't important in our example. The important thing to
note here is that the DLLs and EXEs we create are self-describing.

Application Domains

All Windows applications run inside a process. Processes own resources such as memory and kernel objects, and
threads execute code loaded into a process. Processes are protected from each other by the operating system, such
that one process can in no way unexpectedly affect the execution of another application running in another process.
This level of protection is the ultimate way of having many applications run on a machine, safe in the knowledge that no
matter what one application does, if it crashes, the others should continue. Processes provide a high level of application
fault tolerance, which is why IIS and COM+ use them when running in high isolation mode.

The problem with processes in Windows is that they are a very expensive resource to create and manage, and do not
scale well if used in large quantities. For example, if you're using IIS and have a large number of web sites configured
to run in isolation, each one has its own dedicated process that will consume a lot of resources, such as memory. If you
ran all of these applications within the same process, you'd be able to run a much larger number of web sites on one
machine since fewer resources would be consumed. Less memory would be required since DLLs would also only have to
be loaded into one process, and the inter-process overhead between the various processes and the core IIS worker
process would be reduced. Of course, the downside to this approach is that if one site crashes, all sites would be
affected.
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Application Domains in .NET have the same benefits as a process, but multiple application domains can run within the
same process:

Process
AppDomain AppDomain
AppDomain AppDomain

Application Domains (AppDomains) can be implemented safely within the same process, because the code verification
feature of the CLR ensures the code is safe to run before allowing it to execute. This provides a huge scalability and
reliability benefit. For example, now applications like IIS can achieve higher scalability by running each web site in a
different application domain, rather than a different process, safe in the knowledge that inter-application isolation has
not been compromised.

When running as part of 1IS4/5, ASP.NET uses AppDomains to run each instance of an ASP.NET application. This can be
illustrated in the following way:

Process (aspnet_wp.exeg)
AppDomain AppDonain
Web 5|te 1 Web Sit_e- 2 )
AppDomain AppDomain
w.; I::S;cEB WE s .a,

Each ASP.NET application runs in its own application domain, and is therefore protected from other ASP.NET
applications on the same machine. ASP.NET ignores the process isolation specified in IIS.

.NET Framework Drill Down

The .NET Framework consists of four major pieces:

m Application development technologies

Class libraries

m Base class libraries

The Common Language Runtime

These pieces sit on top of each other, with each of the higher layers making use of one or more of the lower layers, as
shown in this diagram:
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Application Development
Technologies

(ASP.NET, WinForms etc)

Class Libraries (ADO.NET etc)

.NET Framework

Base Class Libraries

Common Language Runtime

We have already discussed the CLR and base class libraries, so in the next section we'll briefly examine the top two
layers: application development technologies and class libraries. These layers are the primary focus for the rest of the
book.

Application Development Technologies

As we saw in Chapter 1, ASP.NET is a very exciting .NET technology for building web applications, providing us with
many new features and a much cleaner programming mode. The features we're going to look at next are:

m Web Services

m Windows Forms

Web Services

In our intelligent fridge example, we discussed the idea of a fridge talking to a supermarket over the Internet to
automatically restock itself. To achieve this, supermarkets would have to expose APIs over the Internet that any fridge
could call upon to place orders. It would also be necessary to locate such services, providing the fridge owner with the
means to pick a supermarket to order from. This concept of locating and consuming programmatic functions over the
Internet is called Web Services.

Web Services are programmable business logic components that serve as "black boxes" to provide access to
functionality via the Internet using standard protocols such as HTTP.

Web Services are based upon an application of XML called the Simple Object Access Protocol (SOAP). SOAP defines a
standardized format for enveloping XML payloads exchanged between two entities over standard protocols such as
HTTP. SOAP is based completely upon open standards. The consumer of a Web Service is therefore completely shielded
from any implementation details about the platform exposing the Web Service - the consumer simply sends and
receives XML over HTTP. This means that any Web Service on a Windows platform can be consumed by any other
platform, such as UNIX.

More technical details on SOAP can be found at http.//www.w3.0rg/TR/SOAP/.

Web Services are a core part of the .NET Framework. Using ASP.NET we can easily expose Web Services from a web
site, and can easily consume Web Services from other web sites. To make this whole model simple for developers,
within the .NET environment we have to do little more than write a class to expose a Web Service, or consume a class
to use a Web Service. This saves us from having to understand protocols such as SOAP in any detail, but we can be
sure that anybody can access the functionality we provide.

The following Visual Basic .NET code defines a simple Web Service with a single function called NameABook:
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<%@ WebService Language="VB" class="MyWebService" %>
Imports System
Imports System.Web.Services
Public Class MyWebService

<WebMethod>

Public Function NameABook () As String

Return "Professional ASP.NET"

End Function

End Class

Here is the same Web Service, this time written in C#:

<%@ WebService Language="C#" class="MyWebService" %>
using System;
using System.Web.Services;
public class MyWebService
{
[WebMethod]
public string NameABook ()
{

return "Professional ASP.NET";

}

To host these Web Services within an ASP.NET page, all we have to do is copy the code into a standard text file, and
save that file in the ASP.NET application directory, giving the file an extension of .asmx. When the ASP.NET run-time
sees an .asmx file being requested, it knows that the file requested represents a Web Service, and will automatically
decode the incoming SOAP request, invoke the appropriate function, and send out a SOAP/XML response.

There are more facets to Web Services, such as security, describing the Web Services available on a given site, and
providing the means to locate Web Services via a certain discovery service.

We'll be looking at Web Services in Chapters 19 and 20.

Windows Forms

For developing traditional Windows GUI applications, the .NET Framework provides us with Windows Forms.

Windows Forms is an extensive class library that exposes the functionality of Windows Common Controls using the
expressive object-oriented capabilities of the .NET Framework.

If you have ever developed a form in VB6 using the forms designer, or created dialogs using VC++ and MFC, you'll be
right at home, since a lot of the classes are similar. Windows Forms uses a similar designer to previous versions of
Visual Studio, but the functionality exposed by the controls is much richer, and they are object-oriented. The net result
is that we produce applications that look pretty much as they do today, but with less code; and the code is cleaner and
easier to understand.

Another important advance with Windows Forms is that we now have a single GUI library and forms designer for all of
the supported languages. Whether you program in VB, C++, or one of the newer languages such as C#, you'll be using
the same classes, methods, and events, since they all use the same class library: System.Windows.Forms. The
benefits this brings to programmers are very important. Since the same class library is being used, all of the languages
have the same capabilities. This means you can use the language you're most comfortable with, and don't have to
worry about whether the language you choose has the same features as are available, say, in C/C++. This is a problem
you might well have encountered in the past.

Class Libraries
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The .NET Framework has an extensive set of class libraries. This includes classes for:

m Data Access - High performance data access classes for connecting to SQL Server or any other OLEDB provider.
See Chapter 9.

m XML support - Next generation XML support that goes far beyond the functionality of MSXML. See Chapter 11.
m Directory Services - Support for accessing Active Directory/LDAP using ADSI.
m Regular Expression - Support above and beyond that found in Perl 5. See Chapter 15.

m Queuing Support - Provides a clean object-oriented set of classes for working with MSMQ.

These class libraries use the CLR base class libraries for common functionality.

Base Class Libraries

The base class library in the .NET Framework is huge. It covers areas such as:

m Collections - The System.Collections namespace provides numerous collection classes. See Chapter 15.

m Thread Support - The System.Threading namespace provides support for creating fast, efficient, multi-
threaded applications.

m Code Generation - The System.CodeDOM namespace provides classes for generating source files in numerous
languages. ASP.NET uses these classes when converting ASP.NET pages into classes, which are subsequently
compiled.

m IO - The System. IO namespace provides extensive support for working with files and all other stream types.

m Reflection - The System.Reflection namespace provides support for load assemblies, examining the types
within assemblies, creating instances of types, etc.

m Security - The System. Security namespace provides support for services such as authentication,
authorization, permission sets, policies, and cryptography. These base services are used by application
development technologies like ASP.NET to build their security infrastructure.

The list of support base classes goes on forever in .NET, but if you ever find yourself lost looking for a specific class, you
can use the WinCV tool to locate it. You can run this from the Start bar Run menu. The file is typically located in the
c:\program files\Microsoft.Net\FrameworkSDK\Bin directory.

The WinCV tool allows you to type in a search string, and brings back a list of all the types it found that match it. The
following screen shows the results of typing HttpRequest (the ASP.NET class that is the Request object, also called the
Request intrinsic):
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The left-pane shows all of the types matched. The right side shows the type definition, retrieved using the reflection
classes. Using the information shown, we can determine that the HttpRequest class is defined as part of the
System.Web namespace, which is contained in the file System.Web.d11l.

By now you should have a fairly good picture of how the .NET Framework fits together, so let's look at some of the
ASP.NET design goals, and see how the .NET Framework was used to build ASP.NET.

Simpler, More Flexible Configuration

The XML based configuration model of ASP.NET makes deployment of applications much easier. The configuration is
kept in text files stored with the application, so deployment is a non-issue. Furthermore, ASP.NET provides a very
powerful and flexible configuration system, which is easy to utilize within our own ASP.NET pages and components.

Configuration files in ASP.NET are hierarchical - settings defined in one directory can be overridden by settings defined
in a sub-directory. A base configuration for all ASP.NET applications (machine level) is defined in the machine.config

file located with the ASP.NET system directory. This file defines global settings and mappings that are common to most
applications, which includes settings like:

m The time before a web request is timed out.
m Which .NET classes are responsible for compiling and handling files of a specific extension.
m How often ASP.NET should automatically recycle its worker processes.

m  What security settings should be used by default.

A simple XML configuration file is shown here:

<configuration>
<!-- store the database connection info here -->
<appSettings>

<add key="DSN"

value="server=localhost;uid=sa;pwd=;database=Northwind" />
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</appSettings>
</configuration>

To access and use this configuration file we could write the following simple ASP.NET page using Visual Basic .NET:

<%@Page Language="VB" %>
<h3>Simple Configuration Example</h3>

<

oe

Response.Write( "The DSN is " & ConfigurationSettings.AppSettings ("DSN") )

oe

>

or using C#:

<%@Page Language="C#" %>
<h3>Simple Configuration Examplel</h3>

<

o\

Response.Write( "The DSN is " + ConfigurationSettings.AppSettings["DSN"] );
s>

If we run either of these pages we'll see the DSN is displayed:

File Edit Wiew Fawvorites Tools  Help !u

SEack ~ = - €3 ol : @S;aarch (| Favorites  EfMedia &4 i &S5 ?

Address [@] hitp: frobhy7035/chapterz/defadl. aspx -] @0 | Links

=

Simple Configuration Examplel

The DS 15 server=localhostmd=sa;pwd=; database=I{ orthwand

[
..................

&] Done i | 2 Local intranet s

Once loaded by ASP.NET, configuration files are cached for quick access, and so performance is excellent. The files are
automatically reloaded if they are changed, so configuration updates do not require the web site to be restarted.

The ASP.NET configuration system is discussed in more detail in Chapter 13.

Factored "Open" Design

Like ASP, ASP.NET is in part implemented as an Internet Server Application Programming Interface (ISAPI) extension
DLL. ISAPI is an arcane C API that defines a standard for having web requests processed by a DLL, rather than an EXE,
as with CGI. The benefit of ISAPI is that DLLs are far more efficient, as executables are very expensive to create and
destroy for each web request.

IIS maps ISAPI extension DLLs to web requests by matching the extension of the URI requested to a specific DLL.
These mappings are defined using the application configuration property sheet:
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To display this property sheet, bring up the context menu for a virtual directory, and then click the configuration button
located on the Virtual Directory tab.

In this screen shot, the .aspx extension is highlighted. It shows that the aspnet isapi.dll located in the .NET
system directory is responsible for processing this request.

ASP implemented a lot of functionality via its ISAPI extension DLL:

m [t provided state management for web clients via the Session object.
m It enabled us to share data across web applications via the Application object.
m It integrated with MTS.

m It provided basic security services to protect ASP files, and helped to identify users using the security support in
IIS and Windows.

While this is great if you're developing an ASP application, wouldn't it have been nice if we could have used some of this
functionality directly from our own ISAPI extensions, or even directly from COM components, without the need to have
any interpreted ASP files? And wouldn't it have been nice to be able to easily replace or enhance the functionality ASP
provides? For example, moving all ASP state into a database? With ASP.NET we can easily do this.

The designers of ASP.NET realized a couple of important points early on in the design phase:

m ASP.NET should provide an extensibility model that allows services like state management to be extended or
replaced with custom alternative implementations.

m A lot of the services provided by ASP, such as state management, should be usable in non-ASP.NET web
applications. The services that ASP.NET requires are common requirements for all web application types.

m ASP.NET should not require IIS to run. It should be possible to host ASP.NET on other web servers, such as
Apache.

To achieve these goals, the HTTP run-time was created, on which ASP.NET was built.
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The HTTP Run-time

The HTTP run-time effectively provides the same base services as ISAPI extensions and ISAPI filters (filters can
preprocess requests, modify them, etc.), but it's a much cleaner model. It is built using the CLR, and has a simple
object-oriented approach to managing web requests:

m A web request is processed by an HTTP request handler class.
m Services like state services are exposed to the run-time using HTTP module classes.

m An HTTP application class manages the web execution process, effectively managing what HTTP modules are

invoked when passing a request to an HTTP request handler, and sending the output of the HTTP request
handler back to the client.

The basic structure of the HTTP run-time looks something like this:

s
ﬂ F
Unmanaged code
ISAPI
Managed code
L4
HTTP Application
Pipeline —
Module
Module
Module
v
HTTP HTTP Q

Request

Request Request Mandies

Handler Handler

The number of HTTP modules is not limited, and they can be defined at a directory level using XML configuration files,
so different services can be made available too, and consumed by different ASP.NET pages (or any type of HTTP request
handler). This enables root-level configuration defined in the .NET system directory to be redefined or removed at the
directory level. For example, the web.config file in the .NET system directory may define that a specific HTTP module
is loaded for state management by default, but an additional web.config file in the same directory as a requested
page (or a directory above the requested page) can override this, potentially replacing the state module with another

one.

All in all, the HTTP run-time is very powerful, and a lot of the functionality and power of ASP.NET (except the server-
side control architecture) comes from the HTTP run-time. We can easily extend this and use it within our own
applications.

Web.Config for HTTP Handlers

ASP.NET is implemented as an HTTP handler. If you look at the machine.config file in the .NET system config
directory you'll see a section called httphandlers:

<httpHandlers> <add verb="*" path="*.aspx" type="System.Web.UI.PageHandlerFactory"/>
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<add verb="*" path="*.asmx"
type="System.Web.Services.Protocols.WebServiceHandlerFactory, System.Web.Services,
Version=1.0.3300.0, Culture=neutral, PublicKeyToken=b03f5f7f11d50a3a"
validate="false"/></httpHandlers>

This cut-down version of the section shows that all web requests with an extension of .aspx are handled by the class
System.Web.UI.PageHandlerFactory, and that all requests with an extension of .asmx are handled by
System.Web.Services.Protocols.WebServiceHandlerFactory.

To implement our own HTTP run-time handler, we can create a class that supports the HTTP run-time interfaces, add
our extension and class to this file, and hence write our own web technologies.

When your HTTP run-time handler is hosted in IIS, you must add your extension to the IIS configuration map. Your
extension should be pointed to by the aspnet_isapi.DLL.

Language Is Irrelevant (Almost)

When developing ASP.NET pages the language you use is down to personal preference. Whether you use VB, C#, or
even JScript.NET, you have exactly the same functionality available to you. There are no limitations or penalties
imposed by ASP.NET for using a specific language.

ASP.NET uses the compilers section of the machine.config file located in $SystemRoot%
\WINNT\Microsoft .NET\Framework\V1l.n.nnnn\Config directory to define the mapping of a page's extension
and available languages that can be used in ASP.NET:

<compilers>

<compiler language="c#;cs;csharp" extension=".cs"
type="Microsoft.CSharp.CSharpCodeProvider, System, Version=1.0.3300.0, Culture=neutral,
PublicKeyToken=b77a5c561934e089" warningLevel="1"/>

<compiler language="vb;vbs;visualbasic;vbscript" extension=".vb"
type="Microsoft.VisualBasic.VBCodeProvider, System, Version=1.0.3300.0, Culture=neutral,
PublicKeyToken=b77a5c561934e089" />

<compiler language="js;jscript;javascript" extension=".js"
type="Microsoft.JScript.JScriptCodeProvider, Microsoft.JScript, Version=7.0.3300.0,
Culture=neutral, PublicKeyToken=b03f5f7f11d50a3a"/>

</compilers>

The compiler element has the following attributes:

m language - The abbreviations that can be specified by an ASP.NET page developer when using the language
attribute, either as part of <script> block, or as part of the page directive.

m extension - The file extension associated with the language. When a file is included as part of an ASP.NET
page using one of the page directives or attributes like assembly or code behind, the extension gives ASP.NET
the hint it needs to tell it how to compile the file.

m type - The fully-qualified name of the code generator class, and the name of the assembly in which the class is
located. A comma separates these two values.

For third-party languages, such as COBOL or Perl, to be usable within an ASP.NET page, the compiler vendors must
provide a Code Generator class for their language that derives from System.CodeDOM. CodeGenerator, and it must
be registered in this configuration section, so that ASP.NET knows how to make use of it.

Less Code, Cleaner Code, More Maintainability

One of the biggest problems with ASP was the amount of code we had to write. If we wanted to display data from a
database, we had to write the code that connects to the database, and use Response.Write to output the HTML
required for the table. If we wanted to display a calendar, we had to write the code to create the calendar. With
ASP.NET, we don't have to write code to do everything. ASP.NET server controls provide a way of declaratively building
pages by using nothing but tags and attributes. These server controls encapsulate the behavior used to render the UI
and respond to postback.

ASP.NET also enables us to build our own server controls. We can either write these in a compiled form, where we
develop a class that inherits from one of the ASP.NET server control classes (a custom server control), or we can
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declare other ASP.NET pages as controls, then use those pages to build up other pages (a user control). Both of these
approaches are shown in Chapter 18.

The ASP.NET server controls provide a great mechanism for reusing code within ASP.NET applications. Microsoft

predicts that many third-party vendors will create ASP.NET server controls, and they also intend to provide more and
more controls with each release of ASP.NET.

Rich Authentication Model

ASP.NET was designed to provide a rich authentication model to suit modern e-commerce application requirements. The
three core modes of security supported are:

m  Windows Authentication - targeted mainly at intranets, where domain accounts can be used to identify users.
m Forms Authentication - cookie-based authentication as used by sites such as Amazon.

m  Microsoft Passport Authentication - cookie-based authentication performed by Passport Manager, used by sites
such as Hotmail.

ASP.NET also enables different authentication models to be used within the same application. This scenario allows a
single web site to be used for intranet and extranet purposes.

The authentication models of ASP.NET are discussed in detail in Chapter 14.

Realize That Bugs Are a Fact of Life

The designers of ASP.NET appreciated from day one that nobody writes bug-free code - including Microsoft. For this
reason ASP.NET deals with bugs, expecting them to happen, and has a humber of cool features:

m It detects memory leaks and automatically restarts ASP.NET applications. We define the scope of a memory
leak.

m It detects hung or deadlocked requests, and resolves them.
m It automatically restarts an ASP.NET application after a specified number of requests.

m It allows state to be stored externally to the main ASP.NET worker process, even in a state service or a SQL
Server database. This allows ASP.NET applications to be restarted without end users losing their state.

No Tools Required!

Like ASP, ASP.NET requires no additional development tools. Everything we need to develop, deploy, and debug
ASP.NET applications - or any other type of .NET application - is part of the .NET Framework SDK. For hard-core
developers who want to save money, or just don't like IDEs, this minimalist approach to ASP.NET application
development is certainly not restrictive in any way.

Visual Studio .NET isn't remarkably cheap. However, for the price we'll get an allinone common IDE capable of
developing, debugging, and deploying applications in any language. The .NET Framework SDK will still be available for
free download, so we don't have to buy Visual Studio .NET, but the productivity gains from just using the help system,
intelli-sense, and wizards that generate shell applications are alone probably worth the asking price.

Summary

We've taken a broad look at the scope of .NET and the various technologies involved. Initially, we explored the need
for .NET, explaining some of the common deployment and versioning problems Windows DNA developers face, and how
these problems are due to the underlying technologies - such as COM - on which the Windows DNA platform is built.

We showed some of the design goals for .NET, and then explored the Common Language Runtime (CLR), the core
technology upon which the .NET Framework is built. This included a discussion of how the CLR architecture works, and
how it solves many of the problems of the Windows DNA platform.

We discussed the four key components of the .NET Framework: Application Development Technologies, Class Libraries,
Base Class Libraries, and the CLR. We saw how these are built on top of each other, and together provide a very
powerful and productive development platform.
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Finally, we reviewed the design goals of ASP.NET, looking at how these features work.
In the next chapter, we'll take a closer look at the syntax of some of the languages we can use to build .NET

applications, investigating the advantages and disadvantages of these languages, and their similarities and differences
in more detail.

The .NET Languages

In the previous two chapters, we have seen that .NET is not just a minor product release - ASP.NET is not just ASP 4.0,
and Visual Studio .NET is not just another upgrade. And as to the Common Language Runtime (CLR), well, that's
completely new. It's a natural reaction to wonder about the changes, ask why there are new languages, why the
existing ones are so different, and to question Microsoft's motive.

The Java issue has raged for a long time now: a controversy that is often mindlessly banal. Claims that 'C# is just a
copy of Java' are made, often by people who, apparently, don't realize that each programming language builds on the
ones that have gone before. That's what developers do - they continue to improve products, and there's no reason why
languages should be treated any differently to applications.

Microsoft looked at the way their languages were being used and asked several questions:
m Do our languages provide developers with what they need?
m How can we improve the languages?
m How can we leverage the existing skills of developers?
m How can we enable applications to be more robust and more scalable?
m How can we provide a better development environment?

m Is the application architecture as good as it could be?

The answers to these questions aren't necessarily compatible with each other, and with the .NET framework Microsoft
has concentrated on providing the best possible platform for future development. In some areas this has come at the
expense of compatibility with existing technologies, and risks alienating some die-hard developers. However, when
weighing up the problems, the benefits easily compensate for the losses.

In the previous chapter we discussed the CLR and the benefits it brings, such as common functionality, namespaces, a
common type system, versioning, and so on. In this chapter we'll be concentrating on the languages themselves, rather
than any ASP.NET-specific details. In particular we'll look at:

m The new features in Visual Basic .NET and JScript .NET.
m The new language of C#.

m What other languages are available.

m How the CLR affects our use of languages.

m Examples of common tasks, in different languages, to ease conversion and migration.

The Supplied Languages
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The .NET framework is supplied with three languages (Visual Basic .NET, C#, and JScript .NET), but the whole
infrastructure is designed to be language independent. We'll briefly mention some of the alternative languages you
might want to use later in the chapter. The factored, open design of ASP.NET, which enables pluggable HTTP modules,
also extends to the CLR, enabling pluggable languages.

In the previous chapter we saw that the compilers section of the machine.config file defines the languages in use:

<compilers>

<compiler language="c#;cs;csharp" extension=".cs"
type="Microsoft.CSharp.CSharpCodeProvider, System, Version=1.0.3300.0, Culture=neutral,
PublicKeyToken=b77a5c561934e089" warningLevel="1"/>

<compiler language="vb;vbs;visualbasic;vbscript" extension=".vb"
type="Microsoft.VisualBasic.VBCodeProvider, System, Version=1.0.3300.0, Culture=neutral,
PublicKeyToken=b77a5c561934e089" />

<compiler language="js;jscript;javascript" extension=".js"
type="Microsoft.JScript.JScriptCodeProvider, Microsoft.JScript, Version=7.0.3300.0,
Culture=neutral, PublicKeyToken=b03f5f7f11d50a3a"/>

</compilers>

What this means is that anyone can supply a language for use in the .NET framework, as long as it's got a compiler and
conforms to a few basic rules. That's outside the scope of this book, but later in the chapter, we'll look at the other
languages that will be supplied by third parties.

Whither VBScript?

During the beta program many people asked about VBScript, and some deliberately inflammatory headlines appeared
on various web sites claiming that Microsoft had dumped VBScript. While it's technically true, it's misleading and really
misses the point. The .NET framework supports Visual Basic, so there's really no need for VBScript.

Visual Basic provides everything that VBScript supplied, and far more. While VBScript has indeed gone, the syntax is
still supported, but we now get full compilation, data types, and the added benefits of the new language. So if you've
only ever used VBScript, don't worry - you'll have a little adjusting to do, but for the most part you'll find using Visual
Basic .NET simple.

Visual Studio or Notepad?

It would be very easy to assume that to use Visual Basic .NET or C# in our ASP.NET pages we need Visual Studio .NET,
but that isn't the case. Support for the languages is built into the Common Language Runtime (CLR), and the compilers
are available as part of the SDK. This means that to write ASP.NET applications, all you need is the (freely available)
SDK and your favorite editor (great news if, like me, you're a die-hard Notepad user). For compilation there's a
standalone compiler for each language (described later in the chapter), so we can compile our components from the
command line.

Visual Studio .NET does of course give us far more than just an editor. It provides us with a rich environment for
developing both ASP.NET applications (WebForms) and Windows applications (Windows Forms), with all the usual cool
features such as drag and drop, statement completion (Intellisense), debugging, and so on. As a productivity tool it's
great, but it's not forced on you if you don't want it.

Further, the open design of the .NET languages enables third parties to produce alternative editors with support
for .NET: Notepad with color-coding and statement completion is pretty much my idea of heaven!

Visual Basic .NET

The latest version of Visual Basic is a major leap forward in terms of functionality, with several features added to take
advantage of the Common Language Specification (CLS) and the CLR.

Each generation of a language brings improvements. To understand why Visual Basic .NET implements the changes it
does, consider for a moment some of the problems associated with previous versions of Visual Basic:

m The Visual Basic runtime libraries. These are relatively large DLLs incorporating the base functionality, and are
required for all Visual Basic programs to run. Common complaints concerned the size of these DLLs, and
versioning problems (different libraries for different versions of VB). You might think that these have just been
replaced by the CLR, but the CLR is much more than this, and addresses far more than just VB. While size may
still be considered an issue, the redistributable CLR is around 18 MB and supports multiple versions.
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m Poor object-oriented features. Object-oriented gurus criticized Visual Basic for its lack of 'proper' functionality -
not providing features such as inheritance, overloading, and so on. Although these are valid points, many of the
problems really stemmed from the capabilities of COM rather than Visual Basic itself.

m Inability to create multi-threaded applications. With the introduction of Microsoft Transaction Server (MTS), n-
tier architectures became a reality, and Visual Basic programmers started to get to grips with componentization.
However, Visual Basic components were forced into an Apartment Threading model, a limitation that attracted
much criticism from programmers who wanted to build multi-threaded components. Personally, I think much of
this condemnation is misplaced, as I wonder how many people could actually write a fully threaded component
(I'm not sure I could). Think about it - managing the threads, state, and so on, isn't easy.

All of these problems disappear in Visual Basic .NET. The runtime libraries are no longer needed because they're taken
care of by the CLR, and the object-oriented features have been massively improved (partly because of CLR and CLS
support) and the whole threading issue has gone away. With the CLR you just don't need to think about threading
(unless you want to).

We'll look at Visual Basic .NET in more detail than the other languages, because most ASP programmers are used to
VBScript and need to understand the language changes.

So let's take a look at some of those new features we mentioned.

Object-Oriented Features

The OO features were probably one of the enhancements most requested by programmers. I remember being at a
Microsoft event when Visual Basic 6 was in beta, and the most frequently asked question was whether inheritance was
going to be supported. Since this is an intrinsic feature of the CLR, it is now supported, and classes are inheritable by
default. In fact, since everything in .NET is class based, you have an enormous amount of flexibility, as you can not only
extend and overload your own classes, but many system ones too.

Classes

As in previous versions of Visual Basic, classes are created using the Class statement. However, the syntax has
changed a little:

[ Public | Private | Protected | Friend | Protected Friend ]
[Shadows]
[MustInherit | NotInheritable] Class className

End Class

Visual Basic still requires the underscore (_) for line continuation - to make things clearer, it's not shown above.

Let's take a look at the keywords in more detail:

|Keyword ||Description |

|Public ||The class is publicly accessible. |

|Private ||The class can only be accessed within the file in which it is declared. |

|Protected ||The class is only accessible from the containing class or types derived from the containing class. |

|Friend ||The class is only accessible from this assembly. |

Protected . . . . -

Friend The class is only accessible from this program or types derived from the containing class.

Shadows The class shadows an identically named class in a base class. Shadows is only available inside
classes, structures and interfaces.

MustInherit 'CI'II;iSsszlsass is an abstract class, and the class members must be implemented by inheriting

NotInheritable ||This class is not inheritable.

Within a class, the member definition follows the same rules. Members that are not explicitly declared with a keyword
are Public by default.

For example:
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Public Class Calculator
' implementation goes here
End Class

or:

Protected MustInherit Class Calculator
' abstract implementation goes here

End Class

Methods

Methods are declared as a Sub or a Function, but there are improvements to fit in with the inheritance rules. The
syntax for a Sub is now:

[Overloads | Overrides | Overridable | NotOverridable | MustOverride |
Shadows | Shared]

[Private | Public | Protected | Friend | Protected Friend]

Sub subName [ (parameters) ]

End Sub

For a Function the syntax is:

[Overloads | Overrides | Overridable | NotOverridable | MustOverride |
Shadows | Shared]

[Private | Public | Protected | Friend | Protected Friend]

Function functionName [ (parameters)] [As type]

End Function

The various keywords are described below:

Keyword ||Description

The member is overloaded, with more than one declaration existing, each with different parameters.
Overloads||Overloads is not required when overloading methods in the same class, but if it is used, it must be
used on all overloaded methods.

Table continued on following page

Keyword ||Description

The member overrides an identically named member from a base class. This is useful for sub-
. classing situations where you want to provide your own implementation of a particular member.

Overrides . R .
The overridden method must have the same signature: that is, the parameters and data types
must match those of the base class member.

NotOverridable

M * The member cannot be overridden in a derived class.
[overridable |[The method can be overridden by a derived class. |
|Must0verride ||The member must be overridden in a derived class. This implies Overridable. |

The method shadows a method in a parent class. This means that the method in the parent class
Shadows is not available, and allows creation of methods with a different signature (parameters & data
types) than that of the parent. It effectively redeclares the type.

Shared The member is shared by all instances of the class, and exists independently of a class instance.
This is equivalent to a static method in C# or C++.

|Public ||The member is publicly accessible. |

|Private ||The member is only accessible within the class. |

Protected Ilt;essmember is only accessible from the containing class or types derived from the containing

|Friend ||The member is only accessible from this program. |




Brought to you by mcsd2000 60

Protected

Friend The member is only accessible from this program or types derived from the containing member.

For example:

Public Class Calculator
Public Function Add(Opl As Double, Op2 As Double) As Double
Return Opl + Op2
End Function

End Class

This is an important change from previous function syntax - the value of the function is now returned using the Return
keyword, rather than by setting the function name to the value.

Properties

Properties can be implemented as Public member variables, or by using the Property statement. For example:

Public Class Calculator
Public Opl As Double
Public Op2 As Double
Public Function Add() As Double
Return Opl + Op2
End Function
End Class

The class could be used in the following way:

Dim calc As New Calculator
calc.Opl = 123
calc.0Op2 = 456
Response.Write (calc.Add())

The above example uses public variables. The alternative, and preferred approach, is to use Property, the syntax of
which has changed:

[Default | ReadOnly | WriteOnly] Property propertyName ([parameters])
[As type]

Get

' code for getting the property
End Get
Set

' code for setting the property
End Set

End Property

A property defined as ReadOnly can only have the Get block. Likewise, a property with only a Get block must be
marked as ReadOnly. The same applies for WriteOnly and the Set block. There is also no longer a Let option, as
Let and Set are now both the same.

For example:
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Public Class Calculator
Private opl As Double
Private op2 As Double

Public Property Operandl () As Double

Get

Operandl = opl
End Get
Set

_opl = value
End Set

End Property

Public Property Operand2() As Double

Get

Operand2 = op2
End Get
Set

_op2 = value
End Set

End Property

End Class

Notice the use of the keyword value in the Set block. This is the actual code you should type, as value is an implicit
variable that contains the value of the property being set.

Default Properties and Property Parameters

Default properties are another area of change, as they are only supported on properties with a parameter list. So, for
example, we could add a property called Result to our Calculator class, to contain the last result of an operation,
but we wouldn't be able to make it the Default property. So we can't code it like this:

Default Property Result () As Double

which stops us doing this:

Labell.Text = MyCalc

To declare a default property, we have to have parameters (and these cannot be declared as ByRef). For more details
on this consult the Visual Basic .NET documentation.

Constructors and Object Creation

The Class Initialize event has been removed from classes, but has been replaced with a member function called
New, which enables us to inherit from constructors.

One of the cool new features of Visual Basic .NET is the use of overloading, which is perfect for providing constructors.
The New method is a special case for overloading, since the Overloads keyword is not required. For example, consider

a Person class:

Public Class Person
Private firstName As String
Private lastName As String

Sub New ()
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7firStName — nwnnn
_laStName — nwnnn
End Sub

Sub New (firstName As String, lastName As String)

_firstName = firstName
_lastName = lastName
End Sub

Public Property FirstName () As String
' property code here
End Property
Public Property LastName () As String
' property code here
End Property
End Class

In this example there are two occurrences of the Sub New: one without parameters, and one with. This means that we
can do this:

Dim coolDude As New Person ()

coolDude.FirstName = ""Vince""

coolDude.LastName = ""Patel""

or

Dim coolDude As New Person (""Vince"", ""Patel"")

This provides a much richer way of using classes, and simplifies code.

Destructors and Object Destruction

Like the Class Initialize method, Class Terminate has also been replaced by a Destruct method. For
example:

Sub Destruct ()
' code to clean up here
End Sub

There has been a big change in the way destructors are called from previous versions of Visual Basic, and it revolves
around the CLR. One of the good features of the CLR is garbage collection (GC), which runs in the background collecting
unused object references, freeing us from having to ensure that we always destroy them. However, the downside is
that since it's a background task, we don't know exactly when our destructor is called.

During the time of the beta releases, there was a wide discussion regarding this, resulting in an extensive paper from
Microsoft about garbage collection and its effects (search the MSDN Web site for Deterministic Finalization for more
details). Some people were concerned that there might be cases where we would need to guarantee something
happening (such as resource cleanup) when the object is no longer in use. If this is the case, then the advice is to
create a method to house this functionality, and call this method when you have finished with the class instance.

In reality, the time difference between releasing the object instance, and it being garbage collected, is likely to be very
small, since the garbage collector is always running.
Inheritance

As we mentioned in the previous chapter, everything in .NET is an object, so we can inherit from pretty much anything.
If we take our Person class, again, as a base class, then we could create a new class from it in the following way:
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Public Class Programmer
Inherits Person
Private avgHoursSleepPerNight As Integer
Public Sub New ()
MyBase.New ()

End Sub

Public Sub New(firstName As String, lastName As String)

MyBase.New (firstName, lastName)

End Sub

Public Sub New(firstName As String, lastName As String,

hoursSleep As Integer)
MyBase.New (firstName, lastName)
_avgHoursSleepPerNight = hoursSleep
End Sub
Public Property AvgHoursSleepPerNight () As Integer
Get
AvgHoursSleepPerNight = avgHoursSleepPerNight
End Get
Set
_avgHoursSleepPerNight = value
End Set
End Property

End Class

This class extends the existing Person class and adds a new property. The way it does this is as follows:

63

m Firstly, after the class declarations comes the Inherits statement, where the base class we are inheriting from

is specified.

Public Class Programmer

Inherits Person

m Next come the definitions for the existing constructors. Our class is going to provide an extra one, so we need to
overload the base class constructors. Notice how the definitions of these match the definitions in the base class,
and how we call the constructor of the base class using MyBase. We are not changing the existing constructors,

just adding our own, so we just want to map functionality to the base class.

Public Sub New ()
MyBase.New ()

End Sub

Public Sub New(firstName As String, lastName As String)

MyBase.New (firstName, lastName)

End Sub

m Now we can add our extra constructor, which calls one of the previous constructors and then sets the additional

property:
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Public Sub New (firstName As String, lastName As String,
hoursSleep As Integer)
MyBase.New (firstName, lastName)
_avgHoursSleepPerNight = hoursSleep

End Sub

m Finally we add the definition of the new property:

Public Property AvgHoursSleepPerNight () As Integer
Get
AvgHoursSleepPerNight = avgHoursSleepPerNight
End Get
Set
_avgHoursSleepPerNight = value
End Set

End Property

In object-oriented terms this is fairly standard stuff, but it's new for Visual Basic and provides a great way to promote
code reuse.

Classes and Interfaces

An interface is the description of the methods and properties a class will expose - it's an immutable contract with the
outside world. The interface doesn't define any implementation - just the methods and properties. Derived classes then
have to provide the actual implementation.

In Visual Basic .NET we automatically get a default interface that matches the class methods and properties, but there
may be times when we want to explicitly define the interface. One good example of this is when creating .NET serviced
components, where the interface can be used to provide versioning features. See Chapter 23 for more details on this.

To create an interface, we use the Interface construct in the following way:

Public Interface IPerson
Property FirstName () As String
Property LastName () As String
Function FullName () As String

End Interface

As you can see, there is no implementation specified here. By convention, the interface name is the class name
preceded by an I, although this isn't enforced. To derive a class from an interface, we use the Implements keyword

on the class:

Public Class Person

Implements IPerson

Private firstName As String

Private lastName As String

Public Property FirstName () As String Implements IPerson.FirstName
' implementation goes here

End Property

Public Property LastName () As String Implements IPerson.LastName
' implementation goes here

End Property
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Public Function FullName () As String Implements IPerson.FullName
Return firstName & "" "" & lastName
End Function
End Class
Notice that both the class, and the methods and properties, have to specify their implementation interface.

An interface is the only type where multiple inheritance is allowed. For example:

Public Interface Person
Inherits IPerson
Inherits ICleverPerson

End Interface

Language Changes

Along with the object-oriented features, there have been many changes to the language. We won't go into exhaustive
detail here (it's well covered in the documentation), but here are some things to watch out for:

m Array Bounds. The lower bound of an array is always 0, and cannot be changed. The Option Base statement is
not supported.

m Array Declaration. ReDim can only be used if the array has already been declared.

m Array Sizes. Arrays do not have a fixed size (although the number of dimensions is fixed). For example:

Dim ConnectionTimes (10) As Date

This defines an array with an initial size of 11 elements. Arrays can also be populated on declaration:

Dim ConnectionTimes () As Date = {""10:30"", ""11:30"", ""12:00"", ""06:00""}

m String Length. The fixed-width string is no longer supported, unless the VBFixedString attribute is used.

m Variants. The Variant data type is no longer supported, being replaced by a more generic Object. The
corresponding VarType function is also not supported, as the Object has a GetType method.

m Data Types. The Currency data type is replaced by Decimal. The Integer type is now 32 bits, with Short
being 16 bits and Long being 64 bits.

m Short Cut Operators. A new short form of addition and assignment has been added. For example:

counter += 1

name &= "" Sussman""

m Default properties. As mentioned earlier, default properties are not supported, unless they take parameters.

m Variable declaration. When declaring multiple variables on the same line, a variable with no data type takes the
type of the next declared type (and not Variant as was the case in VB6). For example, in the following
declarations Age is an Integer:

Dim Age, Hours As Integer

Dim Name As String, Age, Hours As Integer

m Variable Scope. Block scope is now supported, so variables declared within blocks (such as If blocks) are only
visible within the If block. In Visual Basic 6, variables could be declared anywhere, but their scope was the
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entire method.

m Object Creation. The As New keywords can be used freely on the variable declaration line. There is no implicit
object creation, so objects that are Nothing remain set to Nothing unless an explicit instance is created.

m Procedure Parameters. The rules for parameter passing and optional parameters have changed. See the section
on Parameters later for more information on this.

m Procedure Calls. Parentheses are now required on all procedure calls, not just functions.

m Function Return Values. The return value from a function is now supplied with the Return statement, rather
than by setting the function name to the desired value.

m  While loops. The Wend statement has been replaced with End While.

m String and Variant functions. The string manipulation functions that had two types of call (Trim returned a
Variant and Trim$ returned a string) are replaced with overloaded method calls.

m Empty and Null. The Empty and Null keywords have their functionality replaced by Nothing.

There are many other changes, some of which don't really affect ASP.NET programmers, but for a full list you should
consult the Visual Basic .NET documentation, or see Wrox's Professional VB.NET, ISBN 1861004-97-4.

References

Since we're freed from using a set design tool, some of the features we are used to now require a bit more typing. One
example is referencing other components. In Visual Basic 6, for example, to access COM components we selected
References from the Project menu. There's something similar in Visual Studio .NET to reference assemblies (or even
COM components), but if you're using Notepad, you have to provide the reference yourself. This is done using the
Imports keyword. For example:

Imports System

Imports MyComponent

It's also possible to alias references using the following syntax:

Imports aliasName = Namespace

If an alias is used, the alias must be included in references to classes that the namespace contains. For example, if we
have a namespace called MyComponent containing a class called MyClass, and import the namespace like this:

Imports foo = MyComponent

we can't then access the class like this:

Dim comp As MyClass

we have to use this syntax:

Dim comp As foo.MyClass

Structured Exception Handling

One of the best new features of .NET is a unified structured exception-handling framework, which extends to Visual
Basic .NET. Although On Error is still supported, a far better way of handling errors is to use the new Try ... Catch ...

Finally structure. The way it works is simple, with each of the statements defining a block of code to be run.

The syntax is:

Try
' code block to run

[Catch [exception [As type]] [When expression]
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' code to run if the exception generated matches
' the exception and expression defined above
[Exit Try]
]

Catch [exception [As type]] [When expression]
' code to run if the exception generated matches
' the exception and expression defined above
[Exit Try]

[Finally

' code that always runs, whether or not an exception
' was caught, unless Exit Try is called

]

End Try
This allows us to bracket a section of code and then handle generic or specific errors. For example:

Try
' connect to a database and
' retrieve some data
' ... code left out for clarity
Catch exSQL As SQLException
ErrorLabel.Text = "SQL Error: " & exSQL.ToString/()

Catch ex As Exception

ErrorLabel.Text = "Other error: " & ex.ToString()
Finally
FinishedLabel.Text = "Finished"
End Try

Notice that we can have multiple Catch blocks, to make our error handling specific to a particular error. You should put
the most specific Try blocks first, and the more generic ones last, as the Catch blocks are tried in the order they are

declared.

The Throw statement can be used to throw your own errors, or even re-raise errors.

Errors and exceptions are covered in more detail in Chapter 22.

Data Types and Structures
There are three new data types:
m Char, for unsigned 16-bit values.

m Short, for signed 16-bit integers. This is the equivalent to the current Visual Basic Integer (in Visual
Basic .NET the Integer is now 32-bits and the Long 64-bits).

m Decimal, for signed integers.

Custom types are now provided by the Structure statement, rather than the Type statement. The syntax is:

[Public | Private | Friend] Structure structureName

End Structure

For example:
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Public Structure Person
Public FirstName As String
Public LastName As String
Private Age As Integer

End Structure

The use of structures is unified with classes, enabling structures to not only contain member variables, but also
methods:

Public Structure Narcissist
Public FirstName As String
Public LastName As String
Private RealAge As Integer
Public Function Age() As Integer
Return RealAge - 5
End Function

End Structure

Whether you use classes or structures is purely a coding and design decision, but the close linking of the two types
provides added flexibility.

Parameters

There are several things that have changed with regard to passing parameters to procedures. The most important is
that parameters now default to ByVal. This means that to achieve reference parameters, you must explicitly put
ByRef in front of the parameter name.

The second, as mentioned earlier, is that all method calls with parameters must be surrounded by parentheses. In

previous versions of Visual Basic we had the inconsistency of parentheses being required for functions, but not
subroutines. For example, the following is no longer valid:

MyMethod 1, 2, "foo"

Instead we must use:

MyMethod (1, 2, "foo")

For optional parameters we now have to specify a default, and the IsMissing method is removed. For example, we
cannot do:

Sub MyMethod (Name As String, Optional Age As Integer)

If IsMissing(Age) Then
We have to supply a default:

Sub MyMethod (Name As String, Optional Age As Integer = -1)

Debugging and Message Boxes

Although not relevant to ASP.NET pages, there are two things that might hit you if you are using Visual Studio .NET:

m The first is that the Print method of the Debug object has been replaced by four methods - Write, WriteIf,
WriteLine, and WriteLineIf.

m The second point is that the MsgBox statement has been replaced with the Show method of the MessageBox
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object.

Debugging is covered in more detail in Chapter 22.

Backward Compatibility

To ease the transition from Visual Basic 6 to Visual Basic .NET, you can reference the
Microsoft.VisualBasic.Compatibility.VB6 namespace, which provides access to much of the removed or
changed functionality. It's probably best not to overuse these compatibility features, though. The changes to the
language have been made not only to improve it, but also to bring it in line with the CLS and the other .NET languages.

C#

Like .NET itself, C# has raised a fair amount of discussion, much of it based around raising questions such as "another
language? why?" and "isn't it just Java?". To understand why a new language has been introduced, we have to think
about what Microsoft is trying to achieve with .NET. Some of the key ideas are:

m Cross-language development, to allow programmers to use whatever language they are most familiar with.
m A unified type system, to allow true cross-language development, especially inheritance.

m  Extensibility and security, providing an easy way for developers to extend and reuse code, as well as being able
to secure code.

m  Great support for development tools.

These are not the only goals, nor are they specific reasons for creating a new language, but it was clear that to build
the .NET framework the existing languages wouldn't meet these requirements. C++, for example, isn't truly component
oriented, and still has many hang-ups from the C language. Java is bound by its ownership by Sun (not to mention
lawsuits) and is interpreted, which leads to performance problems. Object-oriented languages such as Smalltalk and
Eiffel have the stigma of being considered obscure, and would also need performance increases and structural changes.

So, a new language was the simplest answer, but not so new that it wouldn't feel familiar. We can think of C# as a
member of the C/C++ family - a fact that's not surprising, since the majority of development at Microsoft is done in
these languages. As such, C# contains the best features of C++, but leaves out all of the bits that aren't required for a
language to be part of the framework (such as typedefs, templates, and so on). Leaving out functionality hasn't been a
hindrance, rather, it has made the language simpler to use and more efficient. Also, it's not just a language being
pushed on the public - ASP.NET is entirely written in C#.

If you're a Visual Basic or VBScript programmer trying out C# for the first time, then there's one really important thing
to note: C# is case sensitive.

Classes

Even though C# is more like C and C++, Visual Basic or VBScript programmers won't have too much trouble with this
new language. Classes are defined using the following syntax:

[public | protected | internal | protected internal | private |
abstract | sealed ] class className

{

}

Let's take a look at the keywords here in more detail:

|Keyword ||Description |
|PubliC ||The class is publicly accessible. |
|pr0tected ||The class is only accessible from the containing class or types derived from the containing class. |
|internal ||The class is only accessible from this program. Equivalent to Friend in Visual Basic. |
protected The class is only accessible from this program or types derived from the containing class.
internal Equivalent to Protected Friend in Visual Basic.

|private ||The class is only accessible from within the containing class. |
I L
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abstract This class is an abstract class, and the class members must be implemented by inheriting

classes. Equivalent to MustInherit in Visual Basic.

|sealed ||No further inheritance is allowed from this class. Equivalent to NotInheritable in Visual Basic. |

For example:

public class Calculator
{

// implementation goes here

Methods

In C# there is no direct distinction between a Sub and a Function, and members are just implemented as functions
(that may, or may not, return data). The syntax is:

[ public | protected | internal | protected internal | private | static |
virtual | override | abstract | extern ]
[ type | void ] memberName ([parameters])
{
}

The various keywords are described below:

|Keyword ||Description

|public ||The member is publicly accessible.

|internal ||The member is only accessible from this program. Equivalent to Friend in Visual Basic.
Table continued on following page

|protected||The member is only accessible from the containing class or types derived from the containing member.|

|Keyword ||Description |
protected The member is only accessible from this program, or types derived from the containing member.
internal Equivalent to Protected Friend in Visual Basic.
|private ||The member is only accessible from within the containing member. |
. The member is shared by all instances of the class, and exists independently of a class instance.
static . . X )
Equivalent to Shared in Visual Basic.
|Virtual ||The member can be overridden by a sub-class. |
override The member overrides an identically named member from a base class, with the same signature.
The base class member must be defined as virtual, abstract or override.
|abstract ||This member is an abstract member, and must be implemented by a sub-class. |
|extern ||The member is implemented in an external assembly. |
For example:

public class calculator

{

public double Add(double opl, double op2)
{

return opl + op2;

}

For a method that does not return a result, we declare the type as void:
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public void updateSomething ()
{
}

Properties

Properties in C# are very similar to Visual Basic .NET, and can be implemented as public member variables or by
using the property accessors. For example, the following uses public variables:

public class calculator
{
public double Opl;
public double Op2;
public double Add()
{

return Opl + Op2;

}

The alternative (and preferred) approach is to use property accessors. For example:

public class calculator
{
private double opl;
private double op2;
public double Operandl
{

get
return opl;
set
_opl = value;
}
public double Operand?2
{
get
{
return op2;

set

_op2 = value;

71
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}

72

Unlike Visual Basic, there are no specific keywords to identify read- and write-only properties. If only the get accessor
is provided then the property is read-only, and if only the set accessor is provided then the property is write-only. Both
accessors imply a read/write property.

Constructors

Rather than using New for constructors, the C# syntax is to use a method with the same name as the class. For

example:

public class person

{

private string firstName;
private string lastName;
public person() {}
public person(string firstName,
{
_firstName = firstName;
_lastName = lastName;
}
public string FirstName
{
// property accessors here
}
public string LastName
{

// property accessors here

Destructors

For destructors there is no Destruct keyword. This functionality is provided by a method with the same name as the

string lastName)

class, but with a tilde (~) in front of it. For example:

public class person

{

private string firstName;
private string lastName;
public person() {}

public person(string firstName,
~person ()

{

// destructor code here

string lastName)

{

}
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Like Visual Basic .NET, destructors in C# are called by the garbage collector, and are not guaranteed to be executed at
the time you destroy the class.

Inheritance

Inheritance in C# looks more like C++, where a colon (:) is used to separate the class and the base class. For

example:

}

The class definition defines that our class is called programmer and the base class is called person:

public class programmer : person

{

private int avgHoursSleepPerNight;
public programmer (): base()
{
}
public programmer (string firstName, string lastName) :
base (firstName, lastName)
{
}
public programmer (string firstName, string lastName, int hoursSleep) :

base (firstName, lastName)

_avgHoursSleepPerNight = hoursSleep;
}
public int AvgHoursSleepPerNight
{
get { return avgHoursSleepPerNight; }

set { _avgHoursSleepPerNight = value; }

public class programmer : person

{

Next we need to provide the constructors. Here we specify the same constructors as the base class, and use the same

inheritance syntax (the :) to indicate that this method inherits its implementation from the base class. Any parameters
should be passed to the base class constructor.

To declare an additional constructor we follow the same rules, invoking the base constructor, but also providing

public programmer () : base()

{

}

public programmer (string firstName, string lastName) :
base (firstName, lastName)

{

}

additional functionality:
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public programmer (string firstName, string lastName, int hoursSleep) :

base (firstName, lastName)

_avgHoursSleepPerNight = hoursSleep;
}

And finally we have the new property:

public int AvgHoursSleepPerNight
{
get { return avgHoursSleepPerNight; }

set { _avgHoursSleepPerNight = value; }

}

The value keyword is implemented automatically by the CLR, providing the property with the supplied value from the
calling program.

Interfaces

Interfaces work the same as in Visual Basic .NET, providing an immutable contract to the external world.

To create an interface, we use the interface construct. For example:

public interface IPerson

{
string FirstName (get; set;)
string LastName (get; set;)
string FullName () ;

}

To derive a class from an interface, we use the same method as inheritance:

public class Person : IPerson
{
private string firstName;
private string lastName;
public string FirstName ()
{
// implementation goes here
}
public string LastName ()
{
// implementation goes here
}
public string FullName ()
{

return firstName + " " + lastName;
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}

Notice that unlike Visual Basic .NET, only the class needs to specify the interface inheritance.

References

References use the same method as Visual Basic .NET, but with the keyword using instead of Imports. For example:

using System;
using MyComponent;

It's also possible to alias references using the following syntax:

using aliasName = Namespace;

If an alias is used, the alias must be included in references to classes that the namespace contains. For example, if we
have a namespace called MyComponent containing a class called MyClass, and import the namespace like this:

using foo = MyComponent;

we can't then access the class like this:

MyClass comp = MyClass

We have to use this syntax:

foo.MyClass comp = foo.MyClass

Exception Handling

The try .. catch .. finally combo is also the way exception handling is performed in C#, using the following
syntax:

try
{
// code block to try
}
[catch[ (type exception) ]
{
// code block to run if the exception matches the type above
H]
catch[ (type exception)]
{
// code block to run if the exception matches the type above
}
finally
{
' code that always runs, whether or not
' an exception was caught

}

For example:

try
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// connect to a database and

// retrieve some data

// ... code left out for clarity
}
catch (SQLException exSQL)
{

ErrorLabel.Text = "SQL Error: " + exSQL.ToString();

}
catch (Exception ex)

{

ErrorLabel.Text = "Other error: " + ex.ToString();
}
finally
{

FinishedLabel.Text = "Finished";

}

The throw statement can be used to raise errors, even when in try - catch blocks. For example:

try
{
// some code here
}
catch (SQLException exSQL)
{
if (some expression)

throw (exSQL) ;

XML Documentation

One really great feature that C# has over Visual Basic is the ability to include inline documentation. This is done by

placing a set of XML tags at various places in our code, and then adding a compiler directive to pull out the comments.
For example:

using System;

namespace peopleCsS

{
///<remarks>
///The <c>programmer</c>class defines the salient
///attributes of every fine programmer.
///<seealso cref="person">Inherits from person</seealso>
///</remarks>
public class programmer : person

{

76
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private int avgHoursSleepPerNight;
///<summary>Default constructor</summary>
public programmer () : base()
{3
///<summary>Constructor using first and last names</summary>
///<param name="firstName">The first name of the programmer</param>
///<param name="lastName">The last name of the programmer</param>
///<seealso cref="string"/>
public programmer (string firstName, string lastName) :

base (firstName, lastName)
{1}
///<summary>Constructor using first and last names and
///the hours of sleep</summary>
///<param name="firstName">The first name of the programmer</param>
///<param name="lastName">The last name of the programmer</param>
///<param name="hoursSleep">The average number of hours of sleep</param>
///<seealso cref="string"/>
///<seealso cref="int"/>
public programmer (string firstName, string lastName, int hoursSleep) :

base (firstName, lastName)

_avgHoursSleepPerNight = hoursSleep;
}
///<value>Defines the average number of hours of sleep.</value>
public int AvgHoursSleepPerNight
{
get { return avgHoursSleepPerNight; }

set { _avgHoursSleepPerNight = value; }

}

Notice how the XML tags are placed after three /// characters - not to be confused with two, as used by comments.
The tags we can use are as follows:

|Tag ||Description |
|C ||Text that indicates inline code. |
[code |[Multiple lines of code, such as a sample. |

|

|example ||Description of a code sample.

Indicates an exception class. Additionally, the attribute cref can be used to reference another type

exception : - - ; - ) .
(such as the exception type). This reference is checked against the imported libraries.

|include ||Allows XML documentation to be retrieved from another file. |

Indicates a list of items. The type attribute can be one of:bullet, for bulleted listsnumber, for
numbered liststable, for a tableYou can use a 1istheader element to define headings, and an item

list
o element to define the items in the list. Each of these can contain two elements: item for the item being
listed, and description.
|para ||A|Iows paragraph definitions within other tags. |

|param ||Describes the parameter of a method. The name attribute should match the name of the parameter. |
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Table continued on following page

|Tag ||Description |

|paramref ||Used to indicate references for parameters. |

permission Describes the permissions required to access the member. The cref can be used to reference another
type (such as the security permission type). This reference is checked against the imported libraries.

|remarks ||Overview information about the class or type. |

|returns ||The return value of a method. |

see The attribute cref is used to reference another type (such as a related member). This reference is
checked against the imported libraries.

seealso The attribute cref is used to reference another type (such as a related member), to be documented in
the See Also section. This reference is checked against the imported libraries.

|Summary ||Description of a member or type. |

|value ||Description of a property. |

In Visual Studio, these tags can be processed to form HTML pages that become part of the project documentation.
Outside Visual Studio, we can produce an XML file for the comments by using the /doc compiler switch (more on these
later), which produces the file like so:

<?xml version="1.0"?>
<doc>
<assembly>
<name>PeopleCS</name>
</assembly>
<members>
<member name="T:peopleCS.programmer">
<remarks>
The <c>programmer</c>class defines the salient
attributes of every fine programmer.
<seealso cref="T:peopleCS.person">Inherits from person</seealso>
</remarks>
</member>
<member name="M:peopleCS.programmer.#ctor">
<summary>Default constructor</summary>
</member>
<member name="M:peopleCS.programmer.#ctor (System.String,System.String) ">
<summary>Constructor using first and last names</summary>
<param name="firstName">The first name of the programmer</param>
<param name="lastName">The last name of the programmer</param>
<seealso cref="T:System.String"/>
</member>

<member name="M:peopleCS.programmer.f#ctor (System.String,
System.String, System.Int32) ">

<summary>Constructor using first and last

names and the hours of sleep</summary>
<param name="firstName">The first name of the programmer</param>
<param name="lastName">The last name of the programmer</param>

<param name="hoursSleep">The average number of hours of sleep</param>
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<seealso cref="T:System.String"/>
<seealso cref="T:System.Int32"/>

</member>

<member name="P:peopleCS.programmer.AvgHoursSleepPerNight">
<value>Defines the average number of hours of sleep.</value>

</member>

</members>
</doc>

The compiler automatically includes the namespace and builds tags for the member names. The members are given a
fully qualified name starting with one of the following prefixes:

|Prefix||Description |
|N ||Namespace |
|T ”Type:Class,Interface,Struct,Enum,orDelegate
[F [Field |
|P ||Property (including indexers) |
|M ||Method (including constructors) |
|E ||Event |
|! ||Error string if links cannot be resolved |

You could then use an XSLT stylesheet, or XML processing code to style this into your own documentation. You could
also add your own XML elements to the class descriptions, and these would be extracted along with the predefined
elements.

Unsafe Code

Although C# is part of the managed code environment, Microsoft has realized that sometimes developers need total
control, such as when performance is an issue, when dealing with binary structures, or for some advanced COM
support. Under these circumstances, we are able to use C# code in an unsafe manner, where we can use pointers,
unsafe casts, and so on.

As an ASP.NET developer it's unlikely you'll ever need this, but knowing it's available gives us the flexibility to choose,
should the need arise. Consult the C# documentation or Wrox's Professional C# Programming, ISBN 1-86007-04-3
for more information on this.

Operator Overloading

C# is the only one of the supplied languages that supports operator overloading. This works in the same way as method
overloading, but for operators. The reason for this is to allow the standard operators to be used on objects such as
classes.

The classic example given is a class for handling complex numbers, which have a real and imaginary part (stored as
integers). Imagine a class that has two properties for these two parts, and a constructor that takes two arguments to
match the properties:

CNumber cl = new CNumber (12, 4);
CNumber c¢2 = new CNumber (5, 6);

When performing addition on complex numbers, we must add the real part and imaginary part independently of each
other, and might consider creating this method:

public CNumber Add(CNumber cl, CNumber c2)
{
return new CNumber (cl.real + c2.real, cl.imag + c2.imag);

}
We could then call this by:
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CNumber c¢c3 = CNumber.Add(cl, c2);

There's nothing wrong with that per se, but it would be far better to use:

CNumber c¢3 = cl + c2;

To achieve this, we would have to overload the + operator:

public static CNumber operator + (CNumber cl, CNumber c2);
{

return new CNumber (cl.real + c2.real, cl.imag + c2.imag);
}

This provides a much more intuitive way of developing, and is especially useful when building class libraries for other
developers.

For more details on C#, see Professional C# Programming, ISBN 1-861007-04-3, from Wrox Press.

JScript .NET

Like Visual Basic, JScript has also undergone some changes, although not as radical. The first thing to realize is that
JScript .NET is a full .NET language, and therefore provides the advantages that the other supported languages do. In
fact, JScript .NET has been completely rewritten in C#. It now supports types and inheritance, and is fully compiled.

Although completely rewritten, JScript .NET is more evolutionary, and still supports existing JScript functionality - the
new features are extra, and (apart from compilation, which is a CLR requirement) not enforced.

Like C#, JScript .NET is case sensitive.

Data Types

The first new feature is that we can now use JScript .NET as a fully typed language. This isn't enforced, so there are two
varieties of variable type usage:

m Type inferencing

m Data types

Type Inferencing

If we choose to keep the existing form of JScript, without types, then the data type of a variable is inferred from its
context. For example, consider the following:

var 1idx;

for (idx = 0 ; idx < 10 ; 1idx++)
{

}

The compiler infers the type for idx from its usage. This doesn't really change from the way the script engine runs with
previous versions of JScript, except that now it's the compiler that does the work.

Data Types

If we want to use data types, then we use a colon (:) to specify the type. The new syntax is:

var name : typel[[]] [ = value ]

For example:
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var firstName : String // JScript String
var dateOfBirth : Date // JScript Date
var lastName : System.String // .NET Framework string

var names : String[] // array of JScript Strings

Notice that both JScript and .NET types are supported.

Namespaces

Namespaces are provided using the package keyword, which is equivalent to the Visual Basic and C# namespace
keyword. For example:

package People
{

// classes go here

Classes

Because JScript .NET is implicitly supported by the CLR, the class support is just like that of the other languages. The
high level syntax is:

[ attributes ] class className [extends baseClassName] [implements interfaceName]
{
}

The attributes can be one or more of:

|Attribute ||Description

|expand0 ||The class supports dynamic properties, and is given a default indexed property.

|publiC ||The class is publicly accessible.

The class is only visible within the package in which it is declared. Equivalent to Friend in Visual Basic

internal
and internal in C#.

This class is an abstract class, and the class members must be implemented by inheriting classes.

bst t . A . -
abstrac Equivalent to MustInherit in Visual Basic.

final ||This class cannot be inherited. Equivalent to NotInheritable in Visual Basic and sealed in C#.

For example:

public class Calculator

{

// implementation goes here

Methods

Like C#, JScript .NET uses functions for methods, using the following syntax:

[attributes] function memberName ([parameters]) [: type]
{
}

The attributes can be one or more of the following:

|!Attribute !!Description ||
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|override||The member overrides an identically named member from a base class. |

|hide ||The member does not override an identically named member from a base class.|

|Modifier ||Description

|publiC ||The class is publicly accessible.

The member is only visible within the package in which it is declared. Equivalent to Friend in Visual

internal ) .
Basic and internal in C#.

|pr0tected||The member is only accessible from the containing class or types derived from the containing member.

|private ||The member is only accessible from within the containing member.

. The member is shared by all instances of the class, and exists independently of a class instance.
static . . - )
Equivalent to Shared in Visual Basic.
This member is an abstract member, and must be implemented by inheriting classes. Equivalent to
abstract . . .
MustInherit in Visual Basic.
final ||This method cannot be overridden, although it can be hidden or overloaded.

For example:

public class calculator

{
public function Add(opl : double, op2 : double) : double
{

return opl + op2;

Properties

Like both Visual Basic and C#, JScript .NET properties can be accessed as public variables, or by accessor functions. For

example, here we're using public variables:

public class calculator

{
public var Opl : double;
public var Op2 : double;
public function Add() : double
{

return Opl + Op2;

}

The alternative, and preferred approach, is to use property accessors. For example:

public class calculator
{
private var opl : double;
private var op2 : double;
public function get Operandl () : double
{
return opl;
}

public function set Operandl (value: double)
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}

_opl = value;

}

83

public function get Operand2 () : double

{

return op2;

}

public function set Operand2 (value:

{

_op2 = value;

double)

Like C#, the read/write ability of a property in JScript .NET is determined by the accessor functions. Therefore, if only a
get function is provided, the property will be read only.

Constructors

Like C#, the JScript .NET syntax for class constructors is to use a method with the same name as the class. For
example:

public class person

{

private var firstName : string;
private var lastName : string;
public function person() {}
public function person (firstName

{

_firstName = firstName;
_lastName = lastName;
}
}
Destructors

string, lastName : string)

JScript .NET does not have explicit destructors. To implement this type of behavior you need to create a method and
ensure that this method is called before you destroy the object instance.

Inheritance

JScript .NET uses the extends keyword to inherit from classes. For example:

public class programmer extends person

{

private var avgHoursSleepPerNight : int;

public function programmer ()

{

super () ;
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public function programmer (firstName : String, lastName : String)
{
super (firstName, lastName) ;
}
public function programmer (firstName : String, lastName : String,

hoursSleep: int)

super (firstName, lastName) ;
_avgHoursSleepPerNight = hoursSleep;
}
public function get AvgHoursSleepPerNight () : int
{
return avgHoursSleepPerNight;
}
public function set AvgHoursSleepPerNight(a : int)
{

_avgHoursSleepPerNight = a;

}

The class definition defines that our class is called programmer and the base class is called person:

public class programmer extends person

Next, we need to provide the constructors. Here we specify the same constructors as the base class, and use the super

keyword (meaning superclass) to call the method of the base class. Any parameters are passed to the base class
constructor:

public function programmer ()
{
super () ;
}
public function programmer (firstName : String, lastName : String)
{

super (firstName, lastName) ;

}
In JScript .NET the overridden classes must have the same signature (number and type of parameters) as the base
class. We cannot declare local methods with the same name but different parameters - that is, shadowing is only
supported where the signatures match.

Interfaces

Interfaces work the same way as in Visual Basic .NET, providing an immutable contract to the external world.

To create an interface we use the interface construct. For example:

public interface IPerson

{

public function get FirstName() : String
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public

public

public

public
}

function
function
function

function

set FirstName (value:String)
get LastName () : String
set LastName (value:String)

FullName () : String;

To derive a class from an interface we use the implements keyword in the following way:

public class Person implements IPerson

{

private var firstName : String;
private var lastName : String;
public function get FirstName () : String

{

// implementation goes here

}

public function set FirstName (value:String)

{

// implementation goes here

}

Notice that, unlike Visual Basic .NET, only the class needs to specify the interface inheritance.

References

To include references we use import. For example:

import System;

import MyComponent;

We cannot alias references in JScript .NET.

Directives

Three directives have been introduced to bring supported CLR features to the JScript programmer. All three are set

using the @set directive, the syntax of which is:

@set @directive (arguments)

The first directive is for debugging:

@set @debug(on |

off)

85

Debugging is set to on by default, and allows hosting environments (such as ASP.NET) to emit their own code into the
actual compiled code.

The second directive is to enable CLS compliance:

@set @option(fast)

When the fast option is enabled:
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m  All variables must be declared.

m We cannot redefine functions.

m We cannot assign values to functions.

m We cannot assign, delete, or change the predefined values of built-in objects.

m Expanded properties are not allowed on built-in objects except for the global object.
m The correct number of arguments must be supplied to function calls.

m We cannot use the arguments property within function calls.

The third directive enables us to provide positional information for debugging messages. This is useful because the code
that's executed might not be the same as the code written. This occurs because some environments (such as ASP.NET)
might emit their own code into the program. So, when errors occur, the line number it's reported on might not match
up to the lines in our code. This directive takes the form:

@set @position(end | [file = name] [,line = lineNum] [, column = columnNum])

For example, if the environment adds extra code at the beginning of our file, we could add the following:

@set @position(line=1)

This ensures that the line numbers emitted by errors match with our files.

Other enhancements

Two other enhancements to JScript are the addition of constants and enumerations. Constants are declared using the
const statement:

const variableName = value;

const variableName : type = value;

For example:

const age = 18
const age : int = 18;

Enumerations are declared using the enum statement:

enum enumName [: type]
{
name [= value[ [, name [= value]] [, ..]11]

}

For example:

enum days : int
{

Mon, Tue, Wed, Thu, Fri, Sat, Sun
}

If no values are explicitly given, the names are assigned incremental values starting at 0. So, this gives Mon the value
of 0, Tue the value of 1, and so on. Alternatively, you can specify a value anywhere in the list, and the incrementation
continues from that value:

enum days : int
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Mon=1, Tue, Wed, Thu=9, Fri, Sat, Sun

}

This gives the following:

C++

Since C++ already has object-oriented features, the VC++ implementation supplied with Visual Studio .NET provides
support for managed code. At the minimum, we must include the following two lines at the top of our code:

#using <mscorlib.dll>

using namespace System;

These give us access to the .NET classes. We must also add the /CLR compiler option when building the executable.

Details of working with the managed extensions for C++ are really outside the scope of this book, so you should consult
the documentation for more details.

Visual J# .NET

Although the .NET framework is a released product, there are languages still under development. Late in the beta
process, Microsoft announced their Java User Migration Path (JUMP), to allow Java developers to build .NET applications.
This is not only aimed at Java developers using Microsoft's J++ development tool, but at third party Java developers
too. As part of this, the Visual J# .NET toolkit provides a tool to convert Java sourcecode into J#, migrating the
language and library calls. It fully integrates with Visual Studio .NET, and supports the Microsoft extensions that J++
supported.

One important point to note is that applications developed with J# will only run within .NET. This isn't a Java virtual
machine, but comprises tools and compilers for the .NET framework. As such it doesn't produce Java byte code, and is
not endorsed by Sun Microsystems.

Other Supported Languages

We've already mentioned that the open design of .NET actively encourages the use of other languages, and Microsoft is
keen for this to happen. At the time of writing, the following languages were also becoming available:

m Dyalog APL/W Version 9.
m Fujitsu COBOL

m Component Pascal

m  Eiffel

m Haskell

m  Mercury

m Oberon

m Perl
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= Python
m Scheme

m Standard ML

There are others in the pipeline, and the best resource is http://www.gotdotnet.com, which contains an up-to-date list of
languages.

If you're into building your own languages, then the SDK comes with some good sample compilers that show you how
you can do this. They are in the Tool Developers Guide. There's also plenty of documentation about assemblies, IL, and
so on.

The .NET Language Compilers

When working within the Visual Studio .NET environment, we don't need to worry about the compiler, because the
editor takes care of all that for us. Likewise, when simply developing ASP.NET pages, we can rely on the framework to
compile pages as required. However, when building components or controls, we'd want to compile code into a DLL, so
we need to know how the compiler works.

There is a separate compiler for each language, but luckily you use them all in the same way, and most of the switches
and flags are identical. The compilers are:

m csc for C#
m vbc for Visual Basic .NET

m jsc for JScript .NET

These are automatically part of the .NET installation, and are invoked from the command line. For example:

vbc /t:library /out:..\bin\People.dll /r:system.dll person.vb programmer.vb
This compiles the person.vb and programmer . vb source files into an assembly named People.dll.

Compiler switches fall into two usage categories. The first includes those that enable or disable an option: in this case,

the switch or the switch name followed by plus enables the option, and the switch name followed by minus disables it.
For example:

|/cls ||enab|es the option|

|/cls+||enab|es the option|
|/cls—||disables the option|

The second category contains switches that specify a file or reference. In these cases a colon (:) separates the switch
and the argument. For example:

/out:..\bin\People.dll

The full list of options is shown below, including a list of which languages the option is supported in:

|0ption ||Language||Description |
|@ ||AII ||Specify the file containing the compiler options. |
|/?/help ||AII ||Disp|ay the options, without compiling any code. |

|

|/addmodule :module ||VB / C# ||Reference metadata from the specified module.

/autoref IScript Auto_n_watmally refergnce assemblies based on imported namespaces and fully-
qualified names. This defaults to on.

|/baseaddresstnumberl|VB / C# ||Specify, as a hexadecimal number, the base address of the DLL.
|/bugrep0rt :file ||VB / C# ||Create a file containing information that can be used when filing bug reports.
|/Checked ||C# ||Generate overflow checks

/codepage:id ”JScript/ ”Specify the code page id used in source files.
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&9

I [c# |

Add debugging information to the created file. This is required if you need to
/debug All .

debug into components.

Define conditional compiler constants. You can define multiple constants by
/define:symbols All separating them with commas. For

example:/define:DBTracing=True,CustomErrors=False
|/doc :file ||C# ||Emit the XML documentation in the source files into the named file. |
|/delaySign ||VB ||De|ay-sign the assembly, using only the public part of the strong name key. |
|/fast ||JScript ||Disab|e language features to allow better code generation. |
|/filealign:n ||C# ||Specify the alignment used for output file sections. |
|/fullpaths ||C# ||Generate fully qualified paths. |
|0ption ||Language||Description |
|/imports :list ||VB ||Import a namespace from the specified assembly. |
|/incr/incremental ||C# ||Enab|e or disable incremental compilation. |

Create a unique container name for a key. Used when
generating shared components, as it inserts a public
/keycontainer VB key into the assembly manifest, and signs the assembly
with the private key. This can be used with the sn
utility, which manages keys.
Specify the file containing the public and private keys
/keyfile VB to be added to a shared component. This can be used
with the sn utility, which manages keys.
/lcid:id JScript Use the specified locale id for the default code page and
messages.
/lib:directories g:gcr{ipt Specify additional directories to search for references.
|/libpath :directories ||VB ||Specify additional directories to search for references.
Create a link to a resource file. The first argument is
the file name containing the resource, and an optional
/linkres:resinfo/linkresource:resinfollAll second argument specifies the identifier in the resource
file. For
example:/linkresource:Wrox.resource,AuthorBio
. Specify the class or module type that contains the main
:t :t
/m:type/main:type C#/VvB start-up procedure.
|/noconfig ||C# ||Do not auto include CSC.RSP file. |
/nologo C#/VB Don't show the co_pyrlght banner _durflng compile. This
makes it a lot easier to see compilation messages.
|/nowarn ||VB ||Disab|e warnings. |
/nostdlib C# / Enable or disable the import of the standard library
JScript mscorlib.dll compilation.
|/nowarn :list ||C# ||Disable warning messages specified in the list. |

[/optimize |[c# / vB |[Enable or disable compiler optimizations. |
|0ption ||Language||Description |
. . Specify the type of comparison used for strings. The values are
/optioncompare:type vB text or binary (the default). For example:/optioncompare:text
|/optionexplicit [lve |[Enable (the default) or disable explicit variable declaration. |
Enables (the default) or disables strict type conversions. In strict
/optionstrict VB mode the only implicit conversions are those that widen types (for
example an integer to a long).
Specify the name of the output file. By default a DLL will take its
/out:file All name from the first sourcecode file, and an EXE will take its name
from the file containing the main procedure.
|/print ||JScript ||Enab|e or disable provision of the print () function.
[/quiet |lve |[Quiet output mode.
: Recurse through subdirectories compiling files. For
rwild d -
/recurse:wildcar C#/VB example:vbc /target:library /out:Foo.dll /recurse:inc\*.vb
/r:list/reference:list Al Reference _metadata from the specified file list. For multiple files
use a semi-colon (;) to separate them.
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Enable or disable (the default) overflow error checking for integer

/removeintchecks VB .
variables.

Embed a resource into the assembly. The first argument is the file
name containing the resource, and an optional second argument
specifies the identifier in the resource file. For
example:/resource:Wrox.resource,AuthorBio

/res:resinfo/resource:resinfollAll

|/rootnameSpace ||VB ||Indicate the namespace in which all type declarations will appear.

|0ption ||Language ||Description

Indicate the type of file to be created. This can be one of:-
exe, for a console application- library, for a DLL- module, for

/target:type All a module- winexe, for a Windows application- The module
option is not applicable in JScript .NET.

|/time ||C# ||Disp|ay the project compile times. |
|/unsafe ||C# ||Enab|e or disable unsafe code. |
|/utf80utput ||AII ||Output compiler messages in UTF-8 encoding. |
|/verbose ||VB ||Enab|e or disable verbose error and information messages. |
/w:n/warn:n g:;i:épt Set the warning level to n.

|/warnaserror ||AII ||Enab|e or disable the treatment of warnings as errors. |
|/win321con:file ||C# / VB ||Specify the icon file (.ico) to be added to the resource. |
[/win32res:file/win32resource:filel[all |[insert a Win32 resource file into the target. |

Benefits of a Common Language Runtime

Let's quickly remind ourselves of the points made in the previous chapter about languages:

m Language functionality: the choice of language is now a lifestyle choice, rather than a functionality choice, as
they are all equivalent. Use whatever language you are happiest with.

m Performance: the .NET languages were designed to provide high performance. The only difference between the
languages is at the compilation stage, where compilers may produce slightly different MSIL.

m Platform Support: the languages sit on top of the Common Language Runtime, so if the CLR is available on a
platform, then so are the .NET languages. For small device support and 64-bit platforms this makes portability
far easier than with previous Windows languages.

Let's have a look at the practicalities of the CLR and CLS.

Common API

In the previous version of Visual Studio, common functionality was always far harder to implement than it should have
been. For C++ programmers, the Windows API is a natural home, but Visual Basic programmers had to use custom
controls and libraries, or delve into the API itself. This isn't complex, and can yield great benefits, but there is no
consistency.

With .NET we now have a common API and a great set of class libraries. For example, consider the case of TCP/IP
network applications. C++ programmers generally write directly to Winsock, whereas Visual Basic programmers prefer

to use custom controls on their forms. The .NET framework provides a System.Net.Sockets namespace
encompassing all of the networking functionality, and its usage is the same for each language.

For example, consider the case of writing to a UDP port - you can see the only differences in the code are the syntax of
the language:

Visual Basic .NET

Dim Client As UdpClient

Dim HostName As String
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Dim HostIP As IPHostEntry

Dim GroupAddress As IPAddress

Dim Remote As IPEndPoint

HostName = DNS.GetHostName ()

HostIP = DNS.GetHostByName (HostName)

Client = New UdpClient (8080)

GroupAddress = IpAddress.Parse("224.0.0.1")
Client.JoinMultiCastGroup (GroupAddress, 500)
Remote = New IPEndPoint (GroupAddress, 8080)

Client.Send(".NET is great", 13, Remote)

C#

UdpClient Client;

String HostName;

IPHostEntry HostIP;

IPAddress GroupAddress;

IPEndPoint Remote;

HostName = DNS.GetHostName () ;

HostIP = DNS.GetHostByName (HostName) ;

Client = new UdpClient (8080) ;

GroupAddress = IpAddress.Parse("224.0.0.1");
Client.JoinMultiCastGroup (GroupAddress, 500);
Remote = new IPEndPoint (GroupAddress, 8080);

Client.Send (" .NET is great", 13, Remote);

JScript .NET

var Client : UdpClient;

var HostName : String;

var HostIP : IPHostEntry;

var GroupAddress : IPAddress;

var Remote : IPEndPoint;

HostName = DNS.GetHostName () ;

HostIP = DNS.GetHostByName (HostName) ;

Client = new UdpClient (8080) ;

GroupAddress = IpAddress.Parse("224.0.0.1");
Client.JoinMultiCastGroup (GroupAddress, 500);
Remote = new IPEndPoint (GroupAddress, 8080);

Client.Send(".NET is great", 13, Remote);

Common Types

One of the ways in which cross language functionality is made available is by use of common types. Those Visual Basic
programmers (and I was one) who delved into the Windows API, always had the problem about converting types.
Strings were the worst, because the API is C/C++ based, which uses Null terminated strings, so you always had to do
conversion and fixed string handling stuff. It was ugly.

With the CLS there is a common set of types, so no conversion is required. The previous chapter detailed these,
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showing their range and size, and explained that the various compilers will convert native types into CLS ones. The
conversion works like this:
Visual .

Type Basic .NET C# JScript .NET
|System.BooIean ||Boo|ean ||BO0I ||Boo|ean |
|System.Byte ||Byte ||Byte ||Byte |
|System.Char ||Char ||Char ||Char |
System.DateTimel|Date gﬁsdl;epcet equivalent. Use the ggtdeirte;;ee'quivalent. JScript .NET has its own
|System.DecimaI ||Decima| ||Decima| ||Decima| |
|System.DoubIe ||Doub|e ||Doub|e ||DoubIeNumber |
|System.Int16 ||Short ||Short ||Short |

[Type ||visual Basic .NET |[c# |[3Script .NET|

|System.Int32 ||Integer ||Int ||Int

|System.Int64 ||Long ||Long ||Long

Note that not all languages have equivalents of the CLS types. For example, JScript .NET implements dates using the
standard JScript Date object. However, you can convert between various type formats, as well as declaring the CLS

types directly.

|System.UInt16||No direct equivalent.||Ushort||Ushort

|System.UInt32||No direct equivalent.”Uint ||Uint

|System.UInt64||No direct equivalent.”UIong ||Ulong

|System.SByte ||No direct equivalent.||Sbyte ||Sbyte

|System.SingIe ||Sing|e ||Float ||Float

|System.String ||String ||String ||String

Cross-Language Inheritance

Another area where the CLS has helped is the area of inheritance. Assuming that you use the common types in your
class interfaces, then inheriting classes written in other languages is no different to that of inheriting from the same

language. We showed a brief example in the previous chapter, when discussing the CLR and common functionality, but

a fuller example makes this clear. For example, suppose that you had the following Visual Basic class:

Public Class Person

Private firstName As String

Private lastName As String

Sub New ()

End Sub

Sub New(firstName As String, lastName As String)

_firstName = firstName
_lastName = lastName
End Sub

Public Property FirstName () As String

' property code here

End Property

Public Property LastName () As String

' property code here

End Property

End Class

You could write another program, perhaps in C#, that inherits from it:
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public class programmer : Person
{
private int avgHoursSleepPerNight;
public programmer () : base()
{
}
public programmer (string firstName, string lastName)

base (firstName, lastName)

public programmer (string firstName, string lastName, int hoursSleep)

base (firstName, lastName)

_avgHoursSleepPerNight = hoursSleep;

}

public int AvgHoursSleepPerNight

{
get { return avgHoursSleepPerNight; }
set { _avgHoursSleepPerNight = value; }

}

~programmer ()

{

}

}

This brings great flexibility to development, especially where team development is concerned.

Another great point about this is that many of the base classes and web controls are inheritable. Therefore, in any
language, you can extend them as you wish. A good example of this is the ASP.NET DataGrid control. Say you didn't
want to use paging, but wanted to provide a scrollable grid, so browsers that supported inline frames would allow the
entire content of the grid to be rendered within a scrollable frame. You can create your own control (say, in Visual
Basic), inheriting everything from the base control (perhaps written in C#), and then just output the normal content
within an IFRAME. This sort of thing is extremely easy to do with the new framework.

Cross-Language Debugging and Profiling

The cross language debugging features are really cool, and provide a huge leap forward over any debugging features
we've ever had before. Both the framework and Visual Studio .NET come with visual debuggers, the only difference
being that the Visual Studio .NET debugger allows remote debugging as well as edit and continue. The debuggers work
through the CLR, and allow us to step through ASP.NET pages and into components, whatever the language. Along with
debugging comes tracing and profiling, with the ability to use common techniques to track code.

Both of these topics are covered in more detail in Chapter 22.

Performance Issues

Performance is always a question in people's minds, and often gets raised during beta testing when there's lots of
debugging code hanging around in the product. Even in the early betas it was clear that ASP.NET was faster than ASP,
with figures showing that it was 2-3 times as fast.

One of the reasons for this performance improvement is the full compilation of code. Many people confuse Intermediate
Language (IL) and the CLR with byte-code and interpreters (notably Java), and assume that performance will drop.
Their belief in this deepens when they first access an aspx page, because that first hit can sometimes be slow. That's
because pages are compiled on their first hit, and then served from the cache thereafter (unless explicit caching has
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been disabled).

Appendix B has a list of tips and tricks to help with performance.

Languages

Although all languages compile to IL and then to native code, there may be some slight performance differences, due to
the nature of the compiler and the language. In some languages, the IL produced may not be as efficient as with others
(some people have said that the C# compiler is better than the Visual Basic one), but the effects should be
imperceptible. It's only under the highest possible stress situation that you may find differences, and to be honest, I
wouldn't even consider it a problem.

Late Bound Code

One of the greatest advantages of the CLR is fully typed languages. However, you can still use JScript without
datatypes, allowing legacy code to continue working. The disadvantage of this is that types then have to be inferred,
and this will have a performance impact.

In Visual Basic, if strict semantics are not being used (either by the Option Strict Off page directive or by
the /optionstrict- compiler switch), then late-bound calls on object types are handled at run-time rather than
compile time.

Common Examples

Experienced developers probably won't have much trouble using the new features of the languages, or even converting
from one language to another. However, there are plenty of people who use ASP and VBScript daily to build great sites,
but who have little experience of advanced development features, such as the object oriented features in .NET. That's
actually a testament to how simple ASP is, but now that ASP.NET is moving up a gear, it's important that you make the
most of these features.

To that end, this section will give a few samples in Visual Basic .NET, C# and JScript .NET, covering a few common
areas. This will help should you want to convert existing code, write new code in a language that you aren't an expert
in, or perhaps just examine someone else's code. We won't cover the definition of classes and class members again in
this section, as they've had a good examination earlier in the chapter.

Variable Declaration

The first point to look at is that of variable declaration.

Visual Basic .NET
Visual Basic .NET has the same variable declaration syntax as the previous version, but now has the ability to set initial

values at variable declaration time. For example:

Dim Name As String = "Rob Smith"
Dim Age As Integer = 28

Dim coolDude As New Person ("Vince", "Patel")

C#

C# follows the C/C++ style of variable declaration:

string Name = "Rob Smith";

int Age = 28;

coolDude = new Person ("Vince", "Patel");
JScript .NET

JScript .NET uses the standard JScript declaration method, with the addition of optional types:
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var Name : String = "Rob Smith";

var Age = 28;

var coolDude Person = new Person ("Vince", "Patel")

Functions and Procedures

Declaring procedures is similar in all languages.

Visual Basic .NET

Procedures and functions follow similar syntax to previous versions:

Private Function GetDiscounts (Company As String) As DataSet

Public Sub UpdateDiscounts (Company As String, Discount As Double)

The major difference is that by default all parameters are now passed by value, and not by reference. And remember
that Optional parameters also now require a default value:

' incorrect

Function GetDiscounts (Optional Comp As String) As DataSet

' correct

Function GetDiscounts (Optional Comp As String = "Wrox") As DataSet
Returning values from functions now uses the Return statement, rather than setting the function name to the desired

value. For example:

Function IsActive () As Boolean
' some code here
Return True

End Function
The way you call procedures has also changed. The rule is that arguments to all procedure calls must be enclosed in

parentheses. For example:

UpdateDiscounts "Wrox", 5 ' no longer works
UpdateDiscounts ("Wrox", 5) ' new syntax
C#

C# doesn't have any notion of procedures - there are only functions that either return or don't return values (in which
case the type is void). For example:

bool IsActive()

{
// some code here
return true;

}

void UpdateDiscounts (string Company, double Discount)

{

return;

}
To call procedures, C# requires that parentheses are used.
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JScript .NET

For JScript .NET the declaration of functions is changed by the addition of types.

function IsActive () : Boolean
{
// some code here
return true;
}
function UpdateDiscounts (Company : String, Discount : Double) : void
{
return;

}

To call procedures, JScript .NET requires that parentheses are used.

Syntax Differences

There are a few syntactical differences that confuse many people when switching languages for the first time. The first
is that Visual Basic isn't case sensitive, but the other languages are - it still catches me out. Other things are the use of
line terminators in C# and JScript, which use a semi-colon. Many people switching to these languages complain about
them, but the reason they are so great is that it makes the language free form - the end of the line doesn't end the
current statement. This is unlike Visual Basic, where the end of the line is the end of the statement, and a line
continuation character is required for long lines.

Listed below are some of the major syntactical differences between the languages.
Loops
Visual Basic .NET

There are four loop constructs in Visual Basic, and the syntax of one has changed in Visual Basic .NET. The first is the
For..Next loop:

For counter = start To end [Step step]
Next [counter]

For example:

For count = 1 To 10

Next

The second is the While loop, for which the syntax has changed - the new syntax is:

While condition

End While

For example:

While count < 10

End While
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In previous versions of Visual Basic the loop was terminated with a Wend statement.

The third is the Do..Loop, which has two forms:

Do [(While | Until) condition]
Loop

or:

Do

Loop [ (While | Until) condition]

The difference between these two is the placement of the test condition. In the first instance the test is executed before
any loop content, and therefore the content may not get executed. In the second case the test is at the end of the loop,
so the content is always executed at least once. For example:

Do While count < 10
Loop
Do

Loop While count < 10

The For Each loop construct is for iterating through collections:

For Each element In collection

Next [element]

For example:

Dim ctl As Control

For Each ctl In Page.Controls

Next
C#

C# has the same number of loop constructs as Visual Basic. The first is the for loop:

for ([initializers] ; [expression] ; [iterators])

For example:

for (count = 0 ; count < 10 ; count++)

Each of these parts is optional. For example:

for ( ; count < 10; count++)
for ( ; ; count++)

for (count = 0 ; ; count++)
for (7 ;)

The last of these produces an infinite loop.

The second is the while loop:

while (expression)

For example:
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while (count < 10)

The third is the do...while loop:

do statement while (expression);

For example:

do
while (count < 10);

The foreach loop construct is for iterating through collections:

foreach (type identifier in expression)

For example:

foreach (Control ctl in Page.Controls)

You can also use this for looping through arrays:

String[] Authors = new Stringl[]
{"Alex", "Brian", "Dave", "Karli", "Rich", "Rob"};
foreach (String Author in Authors)
Console.WriteLine ("{0}", Author);

One point to note about loops in C# is that the loop affects the code block after the loop. This can be a single line or a
bracketed block. For example:

for (count = 0 ; count < 10 ; count++)
Console.WriteLine ("{0}", count);

or, if more than one line is required as part of the loop:

for (count = 0 ; count < 10 ; count++)
{
Console.Write ("The value is now: ");

Console.WriteLine ("{0}", count);

JScript .NET

JScript .NET has the same number of loop constructs as C# and Visual Basic .NET, with the syntax being more C# like.
The first is the for loop, where, unlike C#, all parts of the loop are required:

for (initializers ; expression ; iterators)

For example:

for (count = 0 ; count < 10 ; count++)

The second is the while loop:

while (expression)

For example:
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while (count < 10)

The third is the do..while loop:

do statement while (expression);

For example:

do

while (count < 10);

The fourth loop construct is for iterating through objects and arrays:

for (identifier in [object | array])

For example:

for (ctl in Page.Controls)

or, for looping through arrays:

var Authors :String= new String[]
{"Alex", "Brian", "Dave", "Karli", "Rich", "Rob"};
foreach (String Author in Authors)
Console.WriteLine ("{0}", Author);

One point to note about loops in JScript .NET is that the loop affects the code block after the loop. This can be a single
line or a bracketed block. For example:

for (count = 0 ; count < 10 ; count++)
Console.WriteLine ("{0}", count);

or, if more than one line is required as part of the loop:

for (count = 0 ; count < 10 ; count++)
{
Console.Write ("The value is now: ");

Console.WriteLine ("{0}", count);

Type Conversion

Type conversion of one data type to another is an area that causes a great deal of confusion, especially for those
programmers who are used to a type-less language such as VBScript. When dealing with strongly typed languages you
either have to let the compiler, or runtime, convert between types (if it can) or explicitly perform the conversion
yourself. The method of conversion depends upon the language:

Visual Basic .NET

In Visual Basic .NET there are two ways to do this. The first uses CType:

Dim AgeString As String

Dim Age As Integer

AgeString = "25"

Age = CType (AgeString, Integer)

The CType function takes an object and a data type, and returns the object converted to the data type.
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The other way is to use the data type as a cast function:

Age = CInt (AgeString)

C#

In C# we just place the type in parentheses before the expression we wish to convert. For example:

Age = (int)AgeString;

JScript .NET

To cast in JScript .NET we use a cast function. For example:
Age = int (AgeString)

Summary

In this chapter we've examined the languages supplied with .NET, and discovered that the underlying framework
provides a rich development environment. The whole issue, and arguments that go along with it, of which language is
better, or more suitable, has simply disappeared. The language that's best is the one you are most familiar with. Apart
from a few small areas, the major difference between the .NET languages is the syntax.

We've also looked at the enhancements to the existing languages that bring them into line with the CLR and CLS, how
these features are compatible across all languages, and the benefits they bring. Features such as cross-language
development, debugging, and tracing may not seem that great if you only use one language, but the flexibility it brings
is immeasurable, especially when combined with the extensive class libraries.

Now that we've examined the languages, it's time to start to use them and look in detail at the process of writing
ASP.NET pages.

A

Writing ASP.NET Pages

Now it's time to get serious- we've taken a high-level look at the .NET framework, and seen a few quick examples of
ASP.NET pages, so now we're going to dive in and look at how we create ASP.NET pages in more detail. Whether we call
them ASP.NET pages or Web Forms, these files form the core of all ASP.NET applications. In this chapter, we will look
at:

The old way of creating ASP pages versus the new way with ASP.NET.

The steps a page goes through as it is processed.

m How to use the various features of the Page object.

Breaking up a page into reusable objects called User Controls.

Once we reach the end of this chapter, we will have learned the core essentials for the rest of the ASP.NET world.
Everything we do for the remainder of the book will draw on the page framework that we are about to discuss.

Coding Issues
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In Chapter 1 we looked at some of the main disadvantages of existing ASP applications, showing why we needed a new
version, and how ASP.NET solves some of those problems. We also saw that ASP.NET introduces a new way of coding,
and for those of you who have programmed in event-driven languages, such as Visual Basic, this model will seem
familiar. It might, at first, seem a little alien to programmers who have only coded in script languages such as VBScript.
However, it's extremely simple, providing many advantages, and leads to much more structured code. The code is no
longer intermixed with the HTML, and its event-driven nature means it is more easily structured for better readability
and maintainability.

We saw in the first chapter how this worked for an OnClick event on a server control, and how the code to be run was
broken out into a separate event procedure. That example showed a list of states in a DropDownList Server Control.
Using lists like this is extremely common, and often the list of items is generated from a data store. To understand the
difference between the existing ASP architecture, and the new event-driven ASP.NET architecture, let's take a sample
page and compare the old and the new.

Coding the Old Way

To produce a list of items from a data store in ASP, you have to loop through the list of items, manually creating the
HTML. When the item is selected, the form is then posted back to the server. It looks something like this
(OldAsp.asp):

<html>
<form action="0ldAsp.asp" method="post">
Please select your delivery method:

<select id="ShipMethod" Name="ShipMethod" size="1">

AN
o\

Dim rsShip
Dim SQL
Dim ConnStr
Dim ItemField
Set rsShip = Server.CreateObject ("ADODB.Recordset")
SQL = "SELECT * FROM Shippers"
ConnStr = "Driver={SQL Server}; Server=localhost; " &
"Database=Northwind; UID=sa"
rsShip.Open SQL, ConnStr
While Not rsShip.EOF
Response.Write "<option value='" &
rsShip ("ShipperID") & "'>" &
rsShip ("CompanyName") & "</option>" & vbCrLf
rsShip.MoveNext
Wend
rsShip.Close

Set rsShip = Nothing

oe
\

</select>

<br>

<input type="submit" value="Place Order">
</form>

<

o\

If Len(Request.Form("ShipMethod")) > 0 Then
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Response.write "<br>Your order will be delivered via " & _

Request.Form("ShipMethod")

End If

oe

>

</html>

This code is fairly simple - it loops through a recordset building a SELECT list, allows the user to select a value and submit
that back to the server. In many situations you'd probably build some sort of database query or update based upon the

selected value, but in our example we are printing out the selected value:

Please select your delivery method: | Speedy Exprass x|
Flace Order

Tour order will be delivered wia 1

Notice that only the value is available in the submitted page, and not the text value selected - that's just the way
SELECT lists work. This is fine if we're going to use the value in some form of data query, but not if we need to display

it again. You can see how this happens by looking at the HTML generated:

<html>
<form action="0OldAsp.asp" method="post">

Please select your delivery method:

<select id="ShipMethod" Name="ShipMethod" size="1">
<option value='1l'>Speedy Express</option>
<option value='2'>United Package</option>

<option value='3'>Federal Shipping</option>

</select>
<br>
<input type="submit" value="Place Order">

</form>

<br>Your order will be delivered via 1

</html>
The option elements have their value attribute as the ID of the shipping method, and it's the value that's accessible

from server-side ASP code.

Coding in ASP.NET Pages

As ASP.NET is event based, you need to understand the order of events, so that you can see where the equivalent code
would go. Code within these events is processed sequentially, but the events are processed only when they are raised.

For example, the event order is:
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Page_Init

Page_Load

[
—

[Contrcrl Event

b 4
(Page_Un load

These events are:

|Event ||Description
|Page_1nit ||Fired when the page is initialized.

|Control Event“Fired if a control (such as a button) triggered the page to be reloaded.

|Pag€7Unload ||Fired when the page is unloaded from memory.

|
|
|Page_Load ||Fired when the page is loaded. |
|
|

The difference between Page Init and Page Load, is that the controls are only guaranteed to be fully loaded in the
Page Load. You can access the controls in the Page Init event, but the ViewState is not loaded, therefore controls
will have their default values, rather than any values set during the postback.

For example, rewriting the original ASP page in ASP.NET we get (NewAspNet.aspx):

<%@ Import Namespace="System.Data" %>
<%@ Import Namespace="System.Data.SglClient" %>
<html>
<head>
<script language="VB" runat="server">
Sub Page Load(Source As Object, E As EventArgs)
Dim myConnection As SglConnection
Dim myCommand As SglCommand
Dim myReader As SglDataReader
Dim SQL As String
Dim ConnStr As String
SQL = "SELECT * FROM Shippers"
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
myConnection = New SglConnection (ConnStr)

myConnection.Open ()
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myCommand = New SglCommand (SQL, myConnection)
myReader = myCommand.ExecuteReader ()
ShipMethod.DataSource = myReader
ShipMethod.DataBind ()
End Sub
Sub PlaceOrder Click(Source As Object, E As EventArgs)
YouSelected.Text = "Your order will be delivered via " &
ShipMethod.SelectedItem.Text
End Sub
</script>
<form runat="server">
Please select your delivery method:
<asp:DropDownList id="ShipMethod"
DataTextField="CompanyName" DataValueField="ShipperID"
runat="server"/>
<br/>
<asp:button id="PlaceOrder" Text="Place Order"
onClick="PlaceOrder Click"
runat="server"/>
<br/>
<asp:Label id="YouSelected" runat="server"/>
</form>
</html>

Let's look at this code in detail to see what the changes are, and why they've been done, starting with the HTML form:

<form runat="server">
Please select your delivery method:
<asp:DropDownList id="ShipMethod"
DataTextField="CompanyName" DataValueField="ShipperID"
runat="server"/>
<br/>
<asp:button id="PlaceOrder" Text="Place Order"
onClick="PlaceOrder Click"
runat="server"/>
<br/>
<asp:Label id="YouSelected" runat="server"/>
</form>

This has three ASP.NET Server Controls - a drop-down list, a button, and a label. The next chapter gives more detail on
the Server Controls, but for the moment, we want to concentrate on the event side of things. So, just remember that
these are server-side controls, and can therefore be accessed from within our server-side code.

At the start of the page we place the Import directives, to tell ASP.NET which code libraries we wish to use. The two
below are for data access, and are covered in more detail in Chapters 8 and 9.

<%@ Import Namespace="System.Data" %>
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<%Q@ Import Namespace="System.Data.SglClient" %>
<html>

<head>

Next, we start the script block, and define the Page Load event. Remember this will be run every time the page is
loaded.

<script language="VB" runat="server">

Sub Page Load(Source As Object, E As EventArgs)

The parameters to this event are fixed, and defined by ASP.NET. The first contains a reference to the source object that
raised the event, and the second contains any additional details being passed to the event. For the Page Load event

we can ignore these, but later in the book you'll see where they come in useful.

Within this event we want to query the database and build our list of shipping methods. We're not going to explain the
following data access code, since it's covered in Chapters 8 and 9, but it's roughly equivalent to the code in the previous
example, simply creating a set of records from the database.

Dim myConnection As SglConnection

Dim myCommand As SglCommand

Dim myReader As SglDataReader

Dim SQL As String

Dim ConnStr As String

SQL = "SELECT * FROM Shippers"

ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
myConnection = New SglConnection (ConnStr)
myConnection.Open ()

myCommand = New SglCommand (SQL, myConnection)

myReader = myCommand.ExecuteReader ()

Once the records are created, we use data binding to fill the list (ShipMethod). In the ASP example we actually had to
create the HTML option elements in the loop, but in the ASP.NET page we can use the data-binding features that allow

controls to automatically populate themselves from a set of data (Data binding is covered in detail in Chapter 7). We
showed earlier that the list is declared to run server-side, so we can just call its methods and properties server-side.
This is more like the Visual Basic programming environment, where we're dealing with controls.

ShipMethod.DataSource = myReader

ShipMethod.DataBind ()

At this stage the code in the Page_Load event has finished. Since this is the first time the page has been executed,
there are no control-specific events.

When we select an item in the list and click the button, we invoke the postback mechanism. Our button was defined as:

<asp:button id="PlaceOrder" Text="Place Order"
onClick="PlaceOrder Click"

runat="server"/>

The onClick attribute identifies the name of the server-side event procedure to be run when the button is clicked.
Remember that this is server-side event processing, so there is no special client-side code. When this button is clicked,
the form is submitted back to itself, and the defined event handler is run (after the Page Load event):

Sub PlaceOrder Click(Source As Object, E As EventArgs)
YouSelected.Text = "Your order will be delivered via " & _
ShipMethod.SelectedItem. Text

End Sub
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This just sets the text of a label to the value selected:

Please select your delivery method: | United Package =]
Place Crder

Tour order will be delivered wa TTted Package

This shows an interesting point. Because the list control is a server control, we have access not only to the value, but
also to the text of the selected item. Although this is possible with ASP, the code required isn't as neat as the ASP.NET
solution. We haven't had to detect which control is selected and choose the value - the control, and its ViewState,
handles it for us.

So, let's just reiterate these points:

m Server based controls can be accessed from server code. Even though these controls emit plain HTML, and are

part of a standard HTML form, the architecture of ASP.NET ensures that they are accessible from server-side
event procedures.

m The Page Load event is run every time the page is executed. It's in this event that you'll want to populate
controls.

m The control event is only run when fired by a server control. This is indicated by wiring up the event property on
the control to an event procedure name.

Postback Identification

There is one big flaw in our code shown above. Because the Page Load runs every time the page loads, the code in it
will be run even under a postback scenario - that is, even when a button is pressed. That means we are performing the
data query and filling the drop-down list every time, so whatever the user selected would be overwritten (as well as
being unnecessary).

The IsPostBack property of the Page is designed to counter this problem, by allowing us to identify whether or not
we are in a postback situation (as opposed to the first time the page is loaded). We can use this property in the
Page Load event so that our data access code is only run the first time the page is loaded:

Sub Page Load(Source As Object, E As EventArgs)
If Not Page.IsPostBack Then
Dim myConnection As SglConnection
Dim myCommand As SglCommand
Dim myReader As SglDataReader
Dim SQL As String
Dim ConnStr As String
SQL = "select * from Shippers"
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
myConnection = New SglConnection (ConnStr)
myConnection.Open ()
myCommand = New SglCommand (SQL, myConnection)
myReader = myCommand.ExecuteReader ()
ShipMethod.DataSource = myReader
ShipMethod.DataBind ()
End If
End Sub

We've now ensured that this code runs only when the page is first loaded. We don't have to worry about the contents of
the list disappearing, because the contents are held within the ViewState of the drop-down list. If we look at the HTML
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produced, we see that it's very similar to the old ASP example:

<html>
<head>
<form name=" ctl0" method="post" action="NewASPNet.aspx" id=" ctl0">

<input type="hidden" name="_VIEWSTATE"
value="dDwONDY2MjMzMjtO0PDtsPGk8MT47PjtsPHQ802w8aTwxPjtpPDU+0z47bDx0PHQ80308aTwz
PjtAPFNwZWVkeSBFeHByZXNzO1VuaXR1ZCBQYWNrYWd100Z1ZGVyYWwgU2hpcHBpbmc7PjtAPDE7M]s
20z4+02470247dDxwPHA8bDxUZXh00z4 7TbDxZb3VyIGIyZGVyIHdpbGwgYmUgZGVsaXZlemVkIHZpYS
BVbml0ZWQQUGFja2FnZTs+Pjs+0zs+0z4+0z4+0z4="" />

Please select your delivery method:
<select name="ShipMethod" id="ShipMethod">
<option value="1">Speedy Express</option>
<option selected="selected" value="2">United Package</option>
<option value="3">Federal Shipping</option>
</select>
<br/>
<input type="submit" name="PlaceOrder" value="Place Order" id="PlaceOrder" />
<br/>
<span id="YouSelected">Your order will be delivered via United Package</span>
</form>
</html>

You can see that the asp:DropDownList produces an HTML select list along with the associated option elements.
The form posting is still handled in the same way as ASP. The major difference is the hidden VIEWSTATE field,
containing control ViewState. We look at this topic a little later in the chapter.

As we saw in Chapter 1, the new model for ASP.NET is based around the separation of the visual portion of the web
form (the HTML code) from the logic portion (the executable code). In this way, the operation of Web Forms is much
closer to the way that Visual Basic forms have worked in the past than they are to traditional web pages.

Web Forms also help to solve a number of challenges in using a browser-based execution engine to provide a user
experience that is similar to today's Windows applications. These challenges include:

m Delivering rich user interfaces, and delivering these user interfaces on a wide variety of platforms. Web Forms

can free the developers from the actual client being used, which allows them to focus on providing the necessary
business logic.

m How to merge a client-server application, where code is being executed in two different locations into a more
traditional event-driven programming model. Web Forms accomplish this by providing a single methodology for
dealing with application events- no matter if the event was fired on the client, or on the server.

m Providing state management in an execution environment that is inherently stateless. Many different methods
have been used in the past to provide for a stateful execution environment for the stateless web world. These
methods have ranged from cookies, to hidden form fields, to state information being held on the server. Yet
each one of these methods presented a different programmatic interface to the developer, forcing them to
choose at development time the type of state management to use. Web Forms insulates developers from this by
providing a standard way of maintaining state for developers, while hiding the actual implementation details
from them.

Even though the presentation and the logic are separate for the developer as the application is being developed, it is
important to know that when they are actually executed, they come together as one unit. Even if the logic exists in one
file and the presentation in another, at run-time they are compiled into a single object. This object is represented by the
Page class.

The Page Class

When a Web Form is requested from the server- a client requests a URL that has an aspx extension on it- the
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components that make up that page are compiled into one unit. The components can consist of:

m The .aspx file being requested.
m The .NET class file containing the code for that page.

m  Any user controls used by the page.

This unit that the components are compiled into is a dynamically generated class that is derived from the .NET
System.Web.UI.Page class. All of your controls, presentation information, and logic are used to extend this class to
provide you with an object that supports the functionality of the page you created.

This dynamically created Page class can then be instantiated any time a request is made for the .aspx page. When it is
instantiated, the resulting object is used to process the incoming requests and returns the data to the requesting client.
Any web controls- intrinsic or custom- are in turn instantiated by this object and provide their results back to the Page
object to be included in the response to the client. The executable page object is created from compiling all of the files
(code behind, user controls and so on) associated with the page. This compilation only takes place when one of the files

changes, or when the application configuration file (see Chapter 13) changes. This means that the process is extremely
efficient.

In ASP, we were used to having our code and presentation integrated into one file, or split among many files if using
#include files. When this file was executed, the server would simply start at the top of the file and spit out any HTML
text that it found back to the client. When it encountered some script, the script would be executed, and any additions

to the HTML response stream would be added at that point. So in effect, all we had was an HTML file with some code
interspersed in it.

In ASP.NET, the page is actually an executable object that outputs HTML. But it is truly an object in that it has a series
of processing stages- initialization, processing, and cleanup- just like all objects do. The differences that make the Page
class unique that it performs these functions every time it is called- meaning it is a stateless object and no instances of
it hang around in between client requests. Also, the Page class has a unique step, known as the rendering step, when
HTML is actually generated for output to the client.

When we take a look at code-behind programming a little later in this chapter, you will see that the file that actually
contains the code is really a class definition. The class defined in that file is derived from the Page class. Once you have
the class derived from the Page class, you need to link that to the .aspx file in some way. This is done in the @ PAGE
directive at the top of an .aspx file. So if in our code-behind file we have a class definition such as:

public class MyPage: Page {.... }

Then in the corresponding .aspx file, there will be the following directive:

<%@ PAGE Inherits="MyPage" Code="mypage.cs" %>

The intrinsic Page class serves as a container class for all of the components that make up a page. We can use the

interface of the Page class to let us manipulate certain aspects of what happens on the page. The events, properties,
and methods are shown in the following table:

[attribute |[Description |
[Init event ||Fired when the page is initialized. |
|Load event ||Fired when the page is loaded, and all controls (including their viewstate) have been |oaded.|
Unload event Fired when the page is done processing- this happens after all the information has been

sent to the client.
|PreRender event ||Fired just prior to the information being written to the client. |
AbortTransaction . . . L A
event Fired when the transaction that the page is participating in is aborted.

CommitTransaction . . . T .
event Fired when the transaction that the page is participating in is committed

The Error event will be fired whenever an unhandled exception occurs on the page. You
can handle this event to do your custom error processing (see Chapter 22 for more details).

Error event

Reference to the current Application object. For each web application, there is exactly
one instance of this object. It is shared by all of the clients accessing the web application.

The Cache property gets a reference to the Cache object that can be used to store data for
subsequent server round-trips to the same page. The Cache object is in essence a

dictionary object whose state is persisted through the use of hidden form fields, or some
other means, so that data can live from one page request to the next.

Application property

Cache property
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This property allows you to override the browser detection that is built into ASP.NET and
ClientTarget specify what specific browser you want that page to be rendered for. Any controls that then
property rely on the browser being detected will use the specified configuration, rather than the
capabilities of the actual requesting browser.

This Boolean value indicates whether or not the server controls on this page maintain their
ViewState between page requests. This value affects all of the controls on the page, and
supercedes any individual settings on the controls themselves.

EnableViewState
property

Table continued on following page

Attribute ||Description

If, as the page is being compiled and run, an unhandled exception is detected, then you
ErrorPage probably want to display some kind of error message to the user. ASP.NET generates its own
property default error page, but if you want to control what is being displayed, then you can use this

property to set the URL of the page that will be displayed instead.

This Boolean value is set to true if the page is being run as the result of a client round-trip.
IsPostBack When it is False, we know that it is the first time the page is being displayed, and that there is
property no ViewState stored for the server controls. When this is the case, we need to set the state of
the controls manually- usually during the execution of the Page Load event.

This Boolean value is set to true if all of the validation controls on the page report that their
validation conditions have been positively met. If any one validation test fails, then this value
will be set to false. We will look at the validation controls in Chapter 5 when we look at
Server controls in detail. Checking this property can help to improve page performance by
allowing us to avoid performing certain expensive functions when we know that a validation
condition has not been met.

IsValid property

|Request property ||Reference to the Request object - allowing access to information about the HTTP Request.

|Response property ||Reference to the Response object - allowing access to the HTTP Response.

|
|
|Server property ||Reference to the current Server object. |
|

|Session property ||Reference to the current Session object.

SmartNavigation

Boolean to indicate if smart navigation is enabled (covered later in the chapter).
property

This property is a reference to the Trace object for this page. If you have tracing enabled on
Trace property the page, then you can use this object to write explicit information out to the trace log. We will
look at this object in more detail in Chapter 22.

TraceEnabled . L
property This Boolean value allows us to detect whether tracing is enabled for the page.
User property ||Gets information about the user making the page request.
Validators This property is a reference to a collection of all of the validation controls that are on the page.
property You can use this collection to iterate through all of the validation controls on a page to
potentially check status or set validation parameters.
[Attribute |[Property |
|DataBind method ||Performs data binding for all controls on the page. |
FindControl ) .
method Allows you to find a control within the page.
LoadControl
cactontro Dynamically loads a User Control from a .ascx file.
method
LoadTemplate Dynamically loads a template. This is examined in Chapter 7 where data binding and
method templating are covered.
|MapPath method ||Retrieves the physical path for a specified virtual path. |

|ResolveUrl method”Converts a virtual URL to an absolute URL. |

|Validate method ||Instructs any validation controls on the page to validate their content. |

These members of the intrinsic Page class are accessible from within ASP.NET pages directly, without having to go
through the Page object itself. For example, the following two lines of code are equivalent:

Page.Response.Write ("Hello")

Response.Write ("Hello")

There's no performance difference and you can use whichever form you prefer. As a general rule most samples tend to
only use the Page object when referring to IsPostBack purely because it's a new feature. Using the explicit
convention just makes it clearer that IsPostBack is an intrinsic property, rather than some form of user defined global
variable, although there's no actual difference between the two forms.
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HttpRequest Object

The HttpRequest object in ASP.NET is enhanced over its counterpart in legacy ASP. These changes will be covered in
more detail in Chapter 23, but we will look at a few of the new features here.

The HttpRequest object is mapped to the Request property of the Page object, and is therefore available in the
same way as in ASP - just by using Request.

One of the most evident changes is the promotion of a number of Server Variables to properties of the HttpRequest
object itself. With ASP, you had to reference the ServerVariables collection if you wanted information about the
User Agent, the IP Address of the client making the request, or even the physical path to the ASP.NET source file. In
ASP.NET, these values are now properties of the Ht tpRequest object, making it much easier and straightforward to
access the information. For example, the following table lists some of these (the full list, including changes, is covered
in more detail in Chapter 23).

Property and Method Table

|Property ||Description |
|ACC€ptTYPeS ||Indicates the MIME types supported by the client.|
|ApplicationPath |IThe virtual application path. |
|ContentLength ||The length (in bytes) of the request. |
|ContentType ||The MIME type of the request. |
[FilePath |[The virtual path of the request. |
[Headers ||A collection of HTTP headers. |
|HttpMethod ||The HTTP method used for the request. |
|Path ||The virtual path of the request. |
[PathInfo ||Additional path information. |
|PhysicalApplicationPath”The physical path of the application root. |
|PhysicalPath ||The physical path of the request. |
|RawUrl ||The raw URL of the request. |
|RequestType ||The HTTP method used for the request. |
|TotalBytes ||The number of bytes in the input stream. |
|Url ||A Uri object containing details of the request. |
|UrlReferrer ||A Uri object detailing referrer information. |
[Useragent |[The browser user agent string. |
[UserHostAddress |[The 1P address of the user. |
[UserHostName |[The DNS name of the user. |
|UserLanguageS ||An array of languages preferences. |

Another new feature of the Ht tpRequest object is its Browser property. This property points to an instance of the
HttpBrowserCapabilities object. This object contains information about the capabilities of the browser making the
request. Previously, ASP developers had to use the Browser Capabilities component to determine the same type
of information. Now, they can simply refer to the Browser property directly.

In the past, the information that the Browser Capabilities component used to determine the capabilities of a
browser was stored in the BROWSCAP.INI file. That information is now stored in the machine.config file. The
information is now also stored in an XML format, and uses regular expression pattern matching to link a browser User
Agent string to the capabilities of that browser. But since the information is still contained in an updateable format,
there will continue to be support for new browsers and new capabilities without requiring a completely new ASP.NET
version.

The new Params collection is a collection of all of the QueryString, Form, ServerVariables, and Cookie items
that are part of the request. In the past, this was the default collection of the Request object itself. To access it in
ASP.NET you need to go through the Params collection.

Dim strValue As String

strValue = Request.Params ("paraml") ' in ASP, this could have been
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' written as Request ("paraml")

You can still use the individual QueryString, Form, ServerVariables, and Cookie collections to access
information specifically from that item if you want. You can still use the Request ("var") syntax. The default property
of the HttpRequest is its Item property.

There is now a MapPath method of the Ht tpRequest object. This method will take a virtual path to a file as a
parameter, and return the physical path to the file on the server. You can also use this method to obtain the physical
path to an object in a different application on the same server.

Finally, there is now a SaveAs method for the Ht tpRequest object. This method will let you save the contents of the
current request to disk. This can be very useful during the debugging of a web application so you can view the contents
of the actual request. You can also have HTTP headers saved into the file along with the contents of the request.

If (bErrorCondition) Then
Request.SaveAs ("c:\currentRequest.txt", true)
' true indicates to save the headers as well

End If

HttpResponse Object

The HttpResponse object enables you to send data back to the browser as the result of a request. It also provides
you with information about that response. The Ht tpResponse object is mapped to the Response property of the
Page object, and is therefore available directly within ASP.NET pages. There are several new features that are part of
the HttpResponse object with ASP.NET.

The Buffer property from ASP has been deprecated and replaced by the BufferOutput property. This Boolean
property sets the way that the response data is sent back to the client. If it is set to true, which is the default, then
the contents of the response are held on the server until the response is finished, or until the buffer is explicitly sent
back to the client. When this value is false, the information is sent back to the browser as soon it is generated by the
page.

In Chapter 16, we will be looking at some of the other classes that are part of the .NET framework. Two that we will
look at are the TextWriter and Stream classes. These classes allow you to work with streams of text or streams of
bytes. You will find that there are methods that will take a Stream object or a TextWriter object as a parameter, and
send the results from that method to that object. So what does that have to do with the Ht tpResponse object?

There are two new properties of the HttpResponse object- Output and OutputStream- that expose the contents of
the Response buffer as either a TextWriter object or a Stream object. One way that this can be used, is in the
dynamic creation of images using ASP.NET. The Save method of the Bitmap class can accept a Stream object as its
destination- so if we pass in the HttpResponse.OutputStream property to this method, then the results of the save
will be sent as the response to the client.

<%@ Page Language="VB" ContentType="image/jpeg" %>
<%@ Import Namespace="System.Drawing" %>

<%@ Import Namespace="System.Drawing.Imaging" %>
<%@ Import Namespace="System.Drawing.Drawing2D" %>
<%

Response.Clear ()

Dim height As integer = 100
Dim width As integer = 200
Dim r As New Random

Dim x As integer = r.Next (75)
Dim x1 As integer = 0

Dim a As integer = r.Next (155)

Dim x2 As integer = r.Next (100)
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Dim bmp As new Bitmap (width, height, PixelFormat.Format24bppRgb)
Dim g As Graphics = Graphics.FromImage (bmp)

.SmoothingMode = SmoothingMode.AntiAlias

.Clear (Color.LightGray)

.DrawRectangle (Pens.White, 1, 1, width-3, height-3)
.DrawRectangle (Pens.Gray, 2, 2, width-3, height-3)

.DrawRectangle (Pens.Black, 0, 0, width, height)

Q@ u «u u u O

.DrawString ("Response.OutputStream Test",
New Font ("Arial", 10, FontStyle.Bold),
SystemBrushes.WindowText, New PointF (10,50))
g.FillRectangle (New SolidBrush(Color.FromArgb (a, 255, 128, 255)),
x, 20, 100, 50)
g.FillRectangle (New LinearGradientBrush (New Point (x2, 0),
New Point (x2+75, 50+30),
Color.FromArgb (128, 0, 0, 128),
Color.FromArgb (255, 255, 255, 240)),
x2 ,50, 75, 30)
bmp.Save (Response.OutputStream, ImageFormat.Jpeg)
g.Dispose ()
bmp.Dispose ()

Response.End ()

oe

>

There are four key lines that we need to look at- we will not be looking at all of the drawing functions, since they are
probably worthy of an entire book to themselves! First, we need to tell the browser requesting this page that we are
sending back a set of bytes that represent an image- not a set of text in HTML format.

<%Q@ Page Language="VB" ContentType="image/jpeg" %>

Next, just to be safe, we want to make sure that no header information has been sent back to the browser. To do this,
we need to clear the buffer. Remember that when the output to the browser is buffered, as is the default, then we can
clear out that buffer at any time before it is sent back.

Response.Clear ()

The next part of the page is going to dynamically create a Bitmap object in memory, and then draw to that object.
Once we have completed drawing the bitmap, we will want to send it to the browser. The Save method of the Bitmap
object looks like this:

Public Sub Save( _

ByVal stream As Stream,

ByVal format As ImageFormat
)

The first parameter is a Stream object. The Save method will send the bytes that make up the bitmap to this Stream.
The second parameter defines the format that the image will be saved as. Even though the object is a Bitmap object,
we can create more than just BMP files.

bmp.Save (Response.OutputStream, ImageFormat.Jpeqg)

So to save the contents of the Bitmap object directly to the Response object, we pass the
Response.OutputStream property as our Stream parameter. And since earlier in the page we defined the content
type as image/jpeg, we set the format of the image being saved to JPEG. Once all of the data has been sent, we
want to explicitly end the response, by calling the End method of the Response object. We have provided two files,
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image_cs.aspx and image_vb.aspx in our download code for you to try out. When we view the page in the browser,
it looks like this:

a http:/ /localhost/proaspnet /04 /image_vb.aspx - Microsoft Internet Explorer

File Edit ‘Miew Fawvorites Tools  Help

|
J &Back ~ = - ) i | ‘Qisearch (G| Favorites ¢ BHistary ||%, =h
J

Address @ htkp: fflocalhost/proaspnet f04)image_wb.aspx

Res JutputStream Test

In addition to the HttpResponse.Clear method that we saw in the previous example, the
HttpResponse.ClearHeaders method will just clear the headers from the response.

While the HttpResponse.Write method is still available in ASP.NET, the use of server controls greatly lessens the
need to manually output response information using that method. However, a new method in ASP.NET, WriteFile,
greatly simplifies the output of file-based information to the response. In previous versions of ASP, the developer was
responsible for opening up a file, reading its contents into a buffer, and then outputting the contents of that buffer to
the response using the Write method. The WriteFile method takes a filename as a parameter, and will do all of the
necessary file handling work to open that file, read it, and then output its contents to the response buffer. For example,
this allows you to stream previously created HTML directly to the browser along with the current page:

<html>
Some html content here
<script language="VB" runat="server">
Sub Page Load(Sender As Object, E As EventArgs)
Response.WriteFile ("c:\temp\Content.html")
End Sub
</script>

</html>

Page Processing Steps

A Web Forms page isn't significantly different from a traditional web page. It is still created as a result of an HTTP
Request. The server creates the page, sends the data back to the client, closes the HTTP connection, and then forgets
about the request. But there are many enhancements that are added with Web Forms. In order to best understand
these enhancements, it is important to look at the steps that the page goes through when it is processed on the server.

Server Round-trip

As with all dynamic web generation systems, such as ASP, JSP, Cold Fusion, etc., there is a division of labor. There is
work that the server does and there is work that the client does. The client is responsible for presenting information,
capturing information from the user, and for optionally executing some client-side script. The server is responsible for
dynamically creating the page and delivering the page to the client. The server may also be managing some degree of
server-side state for the client- so that information about the client's task can be passed from one request by a user to
the next one by that same user.

In this division of labor, it is critical to recognize that work executed on the client is usually only visible to the client and
work executed on the server is only visible to the server. With the Web Forms model in ASP.NET, Microsoft has
introduced a new concept of server controls. These controls act like the client-side controls that we may have used in
the past with Visual Basic, but their execution happens on the server. This means that the client has no access to these
controls programmatically. So how do we interact with these controls?

In order to interact with server controls, the execution must be passed from the client back to the server. The only way
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to do this is via an HTTP request.

There are other ways to pass information to the server to be executed without making an HTTP Request. We could use
DCOM, Java RMI, or a simple socket communication. But within the pure web paradigm of ASP.NET, the HTTP Request
is the only method available.

If we look at the interaction between client and server during a Web Forms application, we see that the execution gets
passed back and forth between client and server- even within the context of the same .aspx page. This is what is
known as a server round-trip.

EROWSER SERVER

User Selects
Item to be P
Added to the Cart

ItemSelect Event
is processed on the
server

User changes the
guantity desired
of a selected item

il

VA

QuantityChange Event
= Y
| | is processed on the

server
Updated cart with
new item and new (47
quantity is displayed
cart.aspx cart.aspx

In order to trigger a round-trip, the user needs to perform some interaction with the browser. There usually isn't a case
where a round-trip would be triggered without a user intervention, but there is nothing that prevents that from
happening. Typically, the round-trip is triggered by the user clicking or selecting something on a page. In either case, it
takes an explicit user interaction to start a round-trip. While it is possible, you wouldn't want an event like an
onmouseover to cause a round-trip. That happens too frequently and would overload the server and cause the user
experience to grind to a halt.

Page ViewState

In this new round-trip model of Web Forms, there are potentially more interactions with a server than there would be in
a traditional browser-server interaction. But at the core it is still stateless HTTP communication. This means that the
server doesn't retain any information about the previous client request, such as values in form fields, or the state of
objects instantiated to create the page. This would normally mean that the server is doing a lot of extra work in
recreating the page each time during a round-trip. But the Web Forms architecture has a way of dealing with this.

The page will retain its ViewState between requests to the server. The ViewState contains the state of all user
controls on the page. This information is stored as name-value pairs using the System.Web.UI.StateBag object. The
ViewState is stored as a string variable that is passed back to the client in the page. Since the client probably doesn't
know anything about ASP.NET and ViewState, this string is stored as a hidden form field. If we take a look at the
example page from earlier in this chapter, and then view its source, we can see the ViewState being stored.

<html>

<head>

<form name=" ctl0" method="post" action="NewASPNet.aspx" id="_ ctl0">
<input type="hidden" name="  VIEWSTATE"

value="dDwONDY2MjMzMjtOPDtsPGk8MT4 7P tsPHQ802w8aTwxPjtpPDU+0z47bDx0PHQ80308aTwz
PjtAPFNwZWVkeSBFeHByZXNzO1VuaXR1ZCBQYWNrYWd100Z1ZGVyYWwgU2hpcHBpbmc7PjtAPDE7M]s
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z0z4+024702z47dDxwPHA8bDxUZXh00z4 7bDxZb3VyIG9yZGVyIHdpbGwgYmUgZGVsaXZ1lcmVkIHZpYS
BVbml0ZWQQUGFJja2FnZTs+Pjs+0zs+0z4+0z4+0z4="" />

Please select your delivery method:

The contents of the ViewState are quite obviously not in a human-readable form. But the Web Forms processor can
read this and restore the values of the server controls when this page is submitted to the server. The advantage of this
method is that the state of the page is held with the page, and not within the server. Another advantage is that we can
deploy the page to a web farm and not have to worry about forcing the request from a client to come back to the same
server. But there are some minor disadvantages as well. For our rather simple page, there is a pretty sizeable set of
text making up the ViewState. In a much more complex page, the contents of the ViewState could grow to a point
where they begin to affect the speed at which the page is downloaded, although this isn't as much of a performance
issue as it was in the past.

ViewState is enabled by default for all server controls. This means that you don't have to do anything explicit to take
advantage of it. But as we just saw, there could be performance issues in maintaining ViewState for a page with a large
number of controls on it. There are two ways that we can control whether or not the ViewState is maintained. We can
disable ViewState on a page level- meaning that no state will be kept for any control on the page. To do this, you would
use the @Page directive along with the EnableViewState attribute.

<%@ Page EnableViewState="false" %>

The second level at which you can control the ViewState is on a control-by-control basis. To do this, you simply add the
same EnableViewState parameter to the declaration of the control.

ViewState is discussed in more detail in Chapters 6 and 7, where we look at how to gauge the impact on performance.

<asp:DropDownList id="ShipMethod" EnableViewState="false" runat="server"/>

The EnableViewState attribute is also discussed in Chapters 6 and 7, where we look at its impact on performance.

Page Processing Steps

As we mentioned earlier in the chapter, there are a set of distinct steps that the server goes through when processing a
Web Forms page. At each stage, the server calls a certain set of code. This enables you to add your code at specific
points during the execution of the page. Every time a page is requested, these steps are processed. The IsPostBack
property lets us know if this is the first time a page is being viewed, or it is being viewed as a result of a server round-
trip.

The four page processing stages are:

m Configuration
m Event Handling
m Rendering

m Cleanup

There are other stages that the page goes through when it is loaded, but these are not generally used in everyday page
processing. These stages are primarily used for server controls to be able to initialize themselves when the page is
loading, then render themselves into the page, and finally clean themselves up. We will look at these stages in Chapter
18, when we look at creating custom server controls.

Configuration Stage

This is the first stage that is encountered in processing a page. If we are on a postback (not the initial load), then the

page and control ViewStates are restored. After that is done, the Page Load event is fired. This means that any code
we write in this event handler can access the state of any control on the page. This is very important because it allows

us to perform the processing necessary to get the page ready for display to the user.

A typical Page Load event is shown below:

VB .NET
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Sub Page Load(Sender As Object, E As EventArgs)
Dim cart As IBuyAdv.CartDB
cart = New IBuyAdv.CartDB (getDSN())
If Len(Request.Params ("ProductCode") > 0 Then
cart.AddShoppingCartItem (GetCustomerID (), Request.Params ("ProductCode"))
End If
If Not Page.IsPostBack Then
PopulateShoppingCartList ()
UpdateSelectedItemState ()
End If

End Sub

C#

void Page Load(Object sender, EventArgs e) {
IBuyAdv.CartDB cart = new IBuyAdv.CartDB(getDSN());
if (Request.Params|["ProductCode"] != null) {
cart.AddShoppingCartItem (GetCustomerID(), Request.Params|["ProductCode"]);
}
if (Page.IsPostBack == false) {
PopulateShoppingCartList () ;
UpdateSelectedItemStatus () ;
}
}

In this Page Load event from the case study we will look at in Chapter 24, you can see three different steps taking
place. These steps are quite common. First, we are creating an instance of a database access object:

Dim cart As IBuyAdv.CartDB
cart = New IBuyAdv.CartDB (getDSN())
or in C#:

IBuyAdv.CartDB cart = new IBuyAdv.CartDB(getDSN())

This gives us access to a database object, which we will use in the methods and events of the page. The next step is to
conditionally perform some processing based on a parameter passed to this page.

If Len(Request.Params ("ProductCode") > 0 Then

cart.AddShoppingCartItem (GetCustomerID (), Request.Params ("ProductCode"))

End If
or in C#:
if (Request.Params["ProductCode"] != null) {

cart.AddShoppingCartItem (GetCustomerID(), Request.Params|["ProductCode"]);
}

The Request object contains information about the request being made to the server. The Params collection is a
collection of all the information contained in the QueryString, Form, ServerVariables, and Cookies collections.
Based on the existence of a specific value, ProductCode, we will perform some processing.
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If Not Page.IsPostBack Then
PopulateShoppingCartList ()
UpdateSelectedItemState ()

End If

orin C#:

if (Page.IsPostBack == false) {
PopulateShoppingCartList () ;
UpdateSelectedItemStatus () ;

}

The last thing we do in the Page Load event, is to load the data into the controls on the page. Now since these
controls have their ViewState saved during a server round-trip, we only want to load the data the first time. By
checking the IsPostBack property of the Page object, we can determine if this is the first time the page is being
loaded. If it is, then we go ahead and retrieve the data from the database and add it to control. If the page is being
viewed as a result of a round-trip, then we just let the ViewState restore the state of the control. There is no reason

why we couldn't populate the control from scratch each time, but why waste the server processing time if we don't have
to.

Event Handling Stage

As we saw earlier, the server controls on an ASP.NET page can generate events that get processed on the server. We
already saw that an action on the client can initiate a server round-trip through an HTTP Post. Now once that round-trip
gets to the server, we need to be able to detect what control caused the event to happen, and then take steps to
process it.

While there can only be one event that causes a round-trip to begin, there may be other events that have occurred for
(or in) the server controls at the client which haven't been processed yet. These are also processed during the event
handling stage. There is no particular order in which the prior events are processed, but they are always processed
before the event that actually triggered the round-trip. The event that actually triggered the round-trip is processed
last.

Let's take a look at some event-handling routines, again from our case study:

VB .NET

Sub Recalculate Click(Sender As Object, E As EventArgs)
UpdateShoppingCartDatabase ()
PopulateShoppingCartList ()
UpdateSelectedItemStatus ()

End Sub

Sub Checkout Click(Sender As Object, E As EventArgs)
UpdateShoppingCartDatabase ()

Response.Redirect ("secure/Checkout.aspx")

End Sub

C#

void Recalculate Click(Object sender, EventArgs e) {
UpdateShoppingCartDatabase () ;
PopulateShoppingCartList () ;
UpdateSelectedItemStatus() ;

}

void Checkout Click(Object sender, EventArgs e) {

UpdateShoppingCartDatabase () ;
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Response.Redirect ("secure/Checkout.aspx") ;

}

The Recalculate Click eventis fired when the user clicks the Recalculate button on the page. Since this is a button
control, the round-trip is started immediately. In the next section, we will look at the parameters that are passed when
the event is fired. The Checkout Click eventis fired when the user clicks the Checkout button on the page. You can
see that in the event handler, we are calling Response.Redirect to send the browser off to another page. So in an
event handler, we have the ability to affect whether or not this page is even displayed.

Rendering Stage

The rendering stage is where the rubber meets the road. Or shall we say, the HTML meets the browser. In this stage all
of the static HTML in the page, the results of any Response.Write methods, and the output from all of the server
controls on the page is sent down to the browser. Any in-line script code is run at the same time, but no event
processing occurs, since that has already happened.

Cleanup Stage

This is the final stage of the page processing. All of the HTML has been rendered and sent to the browser. The primary
event that happens during this stage is the Page Unload event. In this event, you should do things like close any
open database connections, close any files you may have opened, and properly discard any objects that you may have
been using in the page. While you can simply let object references fall out of scope, it's not a good practice.

Since objects in .NET are garbage collected (as we saw in Chapter 2) the resources that an object uses will still be
consumed, even after the object reference falls out of scope. It is the responsibility of the garbage collector to free up
these resources of unused objects. But we can't predict when the garbage collector will run, so we can't explicitly state
when the resources will be freed. So to free up the resources as soon as possible, you should explicitly close the objects
you are using.

Web Form Events

As we have just seen, events in web forms are different to the events we may have been used to in the traditional
event-driven programming model. While we can still have events that are raised on the client, and handled on the
client, as well as events raised on the server that are handled on the server, the primary Web Form event model is for
an event to be raised on the client and processed on the server. This transfer of control from the client to the server is
accomplished through the use of an HTTP POST. As a developer, we need to be aware how this mechanism takes place,
but the .NET Framework takes care of figuring out from the POST information what events need to be handled on the
server.

There's a set of intrinsic events that server controls will support. Since we don't want to be continually passing control
from the client to the server, this event set is rather limited. It's primarily user interactions, such as a button click or
changing a selection, which will cause an event to be raised on the server. In this way, it takes an explicit user action to
fire a server event- they don't usually happen without the user taking some action at the client.

The event handler function declaration is the same for all events. There are two parameters that are passed to the

event handler.

void MyButton OnClick(Object sender, EventArgs e)
{

}

or in Visual Basic .NET:

Sub MyButton OnClick(Sender As Object, e As EventArgs)

End Sub

The first parameter, sender, is a reference to the server control that raised the event. When we add a server control to
the page, we need to explicitly state the events we want to handle, and what function will be the event handler for that
particular event.

<asp:Button id="PlaceOrder" Text="Place Order"
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onClick="PlaceOrder Click" runat="server"/>

In this example, we're placing a Button server control onto the page with the ID of PlaceOrder. When the user
clicks on this button on the client, the control will be passed to the server via an HTTP POST. On the server, the function
PlaceOrder_Click will be called. Remember that there is a reference to the server control passed to the event
handler. In this way, we could have one event handler that handles events for multiple controls- we would know the
specific control based on the value of the sender variable.

The second parameter is an object containing a set of information about the specific event. This parameter is usually of
type EventArgs, which in its base implementation contains little information about the event. But it also serves as a
base class for derived classes, such as the RepeaterCommandEventArgs class. An object of this type gets passed
when using a Repeater control, and you have wired up the TtemCommand event. You can see this in the example
below, where we talk about event bubbling.

Event Bubbling

There are certain server controls that serve as containers for other controls. Controls such as the Repeater, the
DataList, and the DataGrid controls, can all contain server controls as children of the parent control. These child
controls will not raise their events by themselves, to be handled on the page. Rather the event is packaged by the
container and passed to the page as an ItemCommand event. This event is raised when you click a button within the
Repeater. In this example, we will take a look at how you can handle the events from a set of child buttons within a
Repeater control.

<%@ Page Language="C#" %>
<html>
<head>
<script language="C#" runat="server">
public class Authors {
private string name;
private string initials;
public Authors(string name, string initials) {
this.name = name;
this.initials = initials;
}
public string Name { get { return name; } }
public string Initials { get { return initials; } }
}
void Page Load(Object Sender, EventArgs e) {
SmartNavigation = true;
if (!IsPostBack) {
ArrayList values = new ArrayList();
values.Add (new Authors ("Alex Homer", "AH"));
values.Add (new Authors ("Dave Sussman", "D3S"));
values.Add (new Authors ("Rich Anderson", "RA"));
values.Add (new Authors ("Rob Howard", "RH"));
values.Add (new Authors ("Brian Francis", "BF"));
MyRepeater.DataSource = values;

MyRepeater.DataBind() ;

}

void MyRepeater ItemCommand (Object Sender, RepeaterCommandEventArgs e) {
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ClickInfo.Text = "You selected the " + ((Button)e.CommandSource) .Text +
" button <br>";
}
</script>
</head>
<body>
<form runat="server">
<asp:Repeater id="MyRepeater" OnItemCommand="MyRepeater ItemCommand"
runat="server">
<HeaderTemplate>
<table border="0" cellspacing="5">
<tr>
<td><b>Author</b></td>
<td><b>Initials</b></td>
</tr>
</HeaderTemplate>
<ItemTemplate>
<tr>
<td> <%# DataBinder.Eval (Container.Dataltem, "Name") %> </td>
<td> <ASP:Button Text="<%# DataBinder.Eval (Container.Dataltem,
"Initials") %>" runat="server" /></td>
</tr>
</ItemTemplate>
<FooterTemplate>
</table>
</FooterTemplate>
</asp:Repeater>
<asp:Label id="ClickInfo" font-name="Verdana" font-size="12pt"
runat="server"/>
</form>
</body>
</html>

When we run the page, we will see a list of authors and their initials. When we select one of the buttons, the
ClickInfo label control will be populated to indicate what button was pressed.
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In this example, we have a repeater control that contains a table (simply for the sake of formatting). Each row of the
table has a cell with the author name, and another cell with a button server control.

<td> <%# DataBinder.Eval (Container.Dataltem, "Name") %> </td>

<td> <ASP:Button Text="<%# DataBinder.Eval (Container.Dataltem,
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"Initials") %>" runat="server" /></td>

You can see that the button control itself does not have an event handler associated with it. It does have the all-
important runat="server" parameter, so the events generated by this control will be handled on the server. So
where is the click event from this button handled? To see that, we need to look at the container control- the Repeater
control.

<asp:Repeater id="MyRepeater" OnItemCommand="MyRepeater ItemCommand"
runat="server">

When we declare the Repeater control, we are setting up an event handler function to handle the ITtemCommand
event. This event is fired whenever a control contained by the Repeater control raises an event. The
MyRepeater ItemCommand function looks like this:

void MyRepeater ItemCommand (Object Sender, RepeaterCommandEventArgs e) {
ClickInfo.Text = "You selected the " + ((Button)e.CommandSource).Text +
" button <br>";

}

The second parameter of this event handler is of type RepeaterCommandEventArgs. This object contains enough
information about the event to allow us to determine the control that raised the event. The properties of this object that
we need to look at are:

|Property ||Description |

|CommandS0urce”Reference to the child server control that actually raised the event. |

Reference to the specific item within the Repeater control where the event took place. This could
be the header or footer template, or from an individual data row.

Item

Since we know that the child control that caused the event is a Button control, we can cast the CommandSource
object to a Button type, and then access the properties of that control. In this case, we are going to pull out the value
of the Text property for the button, and display that in our ClickInfo label control.

Event Handling on Client AND Server

Since we are bridging the gap between client and server when it comes to handling control events, it makes sense that
we need to talk about which side handles what events. Most server controls only have one or two events that actually
get processed on the server. But the HTML control that they are finally rendered as may be able to generate a great
number of different events for client-side use. So the question is: what gets handled where?

Basically, those events that are supported by the server control will get handled on the server. So for a Button control,
there is one event supported by that control- the Click event. All of the other events that can be generated by an
HTML INPUT control (what a Button server control is rendered as) will need to be handled on the client. But what
about the click event that can be handled at the client-side as well?

When you have an event that could be handled on either the client or the server, then the server handling of that event
will take precedence. So in the case of the Button, if you write a server-side event handler OnServerClick and a
client-side event handler OnClick, then the client-side code will be ignored. But you could write a client-side
onmouseup event handler, which would continue to be run at the client- prior to the control being passed back to the
server.

Page Directives

When you are creating a page, you can declaratively set a number of attributes about the page. Some of the ones we
have seen up to this part are the @ Page directive and the @ Import directive. Each of these directives has a set of
associated attributes that control some aspect of the page generation. We will now look at each of the directives, and
the attributes associated with each.

@ Page Directive

This directive is used to assign page-specific attributes that are used by the Web Forms page parser and compiler to
affect how the page is created. This directive, along will all the other ones we will look at, can legally be placed
anywhere on the page, but by convention they are generally at the top of the file. However, there can only be one @
Page directive in a single file.
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Attribute Yalues (default Used for
in bold)
Sets the page to run in a Single-thread Apartment. Allows access to legacy
AspC t
sprompa True or False COM components developed in VB, which could only create STA components.
. Indicates whether or not the page events are automatically wired up. If False
A E W !
utoEventWireup) True or False events such as Page Load must be enabled by the developer.

Attribute Yalues (default Used for

in bold)
|Buffer ||True or False ||Response buffering is enabled. |
|ClassName ||Va|id class name ||Class name that this page is derived from. |
ClientTarget :‘/:::;jeUser Agent Browser (or compatible) that the page is targeting.
CodePage Valid code page Sets the code page of the response, if it is different from the web

value server.
CompilerOptions XSL'igncsomp'ler List of compiler options to be used when the page is compiled.
|COHtentTYPe ||Va|id MIME type ||Sets the content type of the response. |
|Culture ||Va|id culture ID ||Cu|ture ID sets the language, calendar system, and writing system. |
|Debug ||True or False ||C0mpi|e page with debugging enabled. |
|DeSCfiptiOH ||n/a ||Description of the page - ignored by ASP.NET. |
EnableSessionStatel[True, ReadOnly, or |[Page has access to t.he Ses.sion object. ReadOnly - the page can read

False but not change session variables.
|Enableviewstate ||True or False ||Page ViewState is maintained for server controls.

EnableViewStateMac||True or False

Page should run a machine authentication check on the View State.
Validates that the ViewState has not been tampered with by the

client.
|Err0rPaqe ||Va|id URL ||Page to be redirected to if an unhandled error occurs. |
[Explicit |[True or False ||Uses the Visual Basic Option Explicit mode. |
|Inherits ||Va|id class name ||Code-behind class that this page inherits. |
Valid .NET .
Language
guag Language name Language used to compile all sourcecode on the page.
LCID valid locale 1D éggjﬁ identifier for the page, if different from the locale of the web
ResponseEncoding Valid gharacter Encoding format for the text sent by the response.
encoding name
SmartNavigation True or False Ezsabi:gso?fdﬂlss)ables the Smart Navigation feature (see later for more

Table continued on following page

|Attribute ||Va|ues (default in bold) ||Used for
Sre valid source file name E!Zé'lame of the code-behind class used by this
|Strict ||True or False ||Uses the Visual Basic Option Strict mode. |
|Trace ||True or False ||Tracing the page execution is enabled. |
TraceMode SortByTime or SortByCategory Eg;te?;dcerre;i;érace messages generated when the

. NotSupported, Supported, Required, i i . .
Transaction RequiresNew Indicates the transaction settings for this page.
WarningLevelllo, 1, 2, or 4 ;:rc])orr:ﬁclllebrev;allolgutl%level at which compilation

@ Import Directives

This directive is used to explicitly import a namespace onto the page. This will make all of the classes and interfaces

contained within this namespace available to code on the page. This value can either be a .NET Framework namespace
name, or a valid user-created namespace.

<%@ Import Namespace="value" %>
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You can only import one namespace per directive entry, so to import multiple namespaces into a page, you need to
have multiple @ Import directives. The .NET Framework automatically imports a set of namespaces for you, so you
don't need to import these explicitly. These namespaces are:

System ”System.Web.Security

System.Collections.Specialized System.Web.UT

System.Text.RegularExpressions System.Web.UT.WebControls

|System.Collections ”System.Web.Caching |

|System.Configuration ”System.Web.SessionState

System.Text System.Web.UI.HtmlControls

|System.Web |

@ Implements Directives

The @ Implements directive allows you to implement a .NET interface in your page. When you implement an interface,
you are saying that your page will support the defined properties, methods, and events of a specific interface. This will
be key when we look at implementing custom controls in Chapter 18. In order for our custom control to be able to
respond to events like a standard server control, then our control must implement the IPostBackEventHandler
interface. The directive to do this is:

<%@ Implements Interface="System.Web.UI.IPostBackEventHandler" %>

Interfaces are covered in Chapter 3.

@ Register Directives

Whenever you are adding a custom server control to a page, you need to tell the compiler something about that
control. If the compiler doesn't know what namespace contains the control or what assembly that namespace is in, then
it will not be able to recognize the control, and will generate an error. To give the compiler the information it needs, we
will use the @ Register directive.

There are two forms of the @ Register directive, depending on how we identify the location of the custom control.

<%@ Register tagprefix="tagprefix" Tagname="tagname" Src="pathname" %>
<%@ Register tagprefix="tagprefix" Namespace="namespace" Assembly="assembly" %>

The first usage of the @Register directive is to add support for user controls to the page. The TagPrefix attribute
identifies the string that we will use to decorate all instances of the custom server control on the page. For example, if
we have this directive at the top of the page:

<%@ Register TagPrefix="Ecommerce" TagName="Header"
Src="UserControls\Header.ascx" %>

then for every instance of the Header user control that we use on the page, we will have to prefix it with Ecommerce,
as we can see here:

<Ecommerce:Header id="Header" runat="server"/>

The tagname attribute identifies the name that will be used to refer to the control within the page. Since a user control
source file, UserControls\Header.ascx, can only have one control contained within it, the tagname attribute is
simply a shortcut to allow us to reference the control.

The final attribute, Src, indicates the file in which the source of the user control resides.

The second usage of the @Register directive is for adding custom server controls to the page. These custom controls
are compiled and contained within assemblies. The tagprefix attribute has the same usage that we saw before- it
defines the namespace of the custom server control when it is used in the page. The Namespace attribute indicates the
namespace in which the custom control resides. And finally, the Assembly attribute indicates the assembly where the
namespace resides. If we look at the directive for a custom server control, we will see:
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<%@ Register TagPrefix="Wrox" Namespace="WroxControls" Assembly="RatingMeter" %>

When we use this custom server control within the page, it looks no different than if we were using a user control in the
same place.

<Wrox:RatingMeter runat="server" Score="3.5" Votes="1"
MaxRating="5" CellWidth="51" CellHeight="10" />

As you can see, when we create a custom control, or even a user control, we can pass attributes to the control by
adding them to the tag in the page. We will see more about how to do this when we look at creating custom server
controls later in this book.

@ Assembly Directives

The @ Assembly directive is used to reference an assembly directly, so that the classes and interfaces that it contains
become available to the code in your page. You can either pass in the name of a compiled assembly:

<%@ Assembly Name="assemblyname" %>

or pass in the path to a source file that will be compiled when the page is compiled:

<%@ Assembly Src="pathname" %>

This tag is usually not required, as any assembly that is in the ASP.NET application's bin directory will automatically be
compiled into the page. You would use this directive if you wanted to explicitly include an assembly that is in the global
assembly cache, or if you wanted to explicitly compile in an assembly source file that is residing in another directory.

@ OutputCache Directive

This directive is used to control how the page is cached on the server. ASP.NET supports a very powerful set of caching
capabilities. When output caching is turned on for a page, then the first time the page is requested, it is compiled and
run, and its results are sent back to the browser. But instead of the server then throwing everything away, the results
of running the page just run are held on the server. The next time a request comes in for that page, even from a
different user, the server can then just spit back the results without having to rerun the page. This can cause
tremendous performance increases, especially if you have pages that may be database generated, but where the
underlying data that creates the page doesn't change very often.

We will look at caching in greater detail later in this chapter, but let's take a look at how to use the @ OutputCache
directive. There are a series of attributes that allow you to control how the caching is performed.

<%@ OutputCache Duration="#ofseconds"

Location="Any | Client | Downstream | Server | None"
VaryByCustom="browser | customstring"
VaryByHeader="headers"

VaryByParam="parametername" %>

The Duration attribute is used to control how long an item will stay in the cache before being invalidated. When a
cache item is invalidated, the next time the page is requested, ASP.NET will run the page, deliver the results to the
browser, and then store the results in the cache. This attribute is mandatory- there is no default value, and the page
will not compile if you leave it out.

The Location attribute identifies where the actual data for the cache is stored. There are five possible values for this
attribute:

|Va|ue ||Use |
Any The cache can be located on the client, on a downstream server (like a proxy server), or on a server
where the request was originally processed. This is the default.

|Client ||The cache is located on the client that made the request.

|Server ||The cache is located on the server where the request was processed.

|Downstream||The cache is located on a server downstream from the server that processed the request. |

|None ||This page does not have output caching enabled.

The VaryByCustom attribute is used to identify any custom caching requirements. If the string "browser" is passed as
the value for this attribute, then the cache will be varied by browser name and version. When a cache is varied, there is
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a different processed page stored for each condition that the cache is varied by. For example, if the cache is varied by
browser, then there will be one page version stored for IE 5, another one for IE 4, and yet another for Netscape 6. If
someone accessed the site using Opera, then since that browser type was not cached, then a new page would be
generated, passed back to the browser, and then cached for the next request from an Opera browser.

The VaryByHeader attribute contains a list of HTTP headers (separated by semi-colons) that are used to vary the
output cache. You can vary the cache on one header, or on a group of headers.

The VaryByParam attribute is used to vary the cache, based on the values of parameters passed to the server along
with the request for the page. These can be QueryString parameters, or they can be the contents of form fields. You
can pass a single parameter, multiple parameters separated by semicolons, you can pass a *, which means to vary on
all parameters, or you can pass none, which means that the cache will not be varied based on any parameters. You
must supply a value for this attribute. If you don't want to vary by parameter, then pass a value of none. If you don't
want to be explicit in which parameters you vary the cache by, then pass a * and the cache will be varied by all
parameter values.

@ Reference Directive

This directive is used to identify a page or control that the current page should dynamically compile and link with at
runtime. This will allow you to dynamically add a user control to a page at runtime. You should use this directive in
conjunction with the LoadControl method of the Page object. By adding the custom control as a reference to the
page, the compiler will be able to perform strong type checking against the control. We will see how to use this in
Chapter 18 when we look at custom controls.

Using Code Behind

In Chapter 1 we briefly looked at the idea of the code behind model, where we can separate the code from the actual
content of the page. In the world of increasingly complex web applications, it's often difficult to separate the different
parts of the development process. Writing web applications is hard enough without worrying about how to make them
look good and stay maintainable over the years. Some companies have designers who create the look and feel of the
site, allowing the programmers to concentrate on the coding. With the traditional ASP model, this is hard to achieve, as
code and content are often intermixed.

The way to solve this problem in ASP.NET is by using Code Behind, where the content (HTML and Server Controls) are
in one file, and the server-side code in another. Not only does this allow different people to work on the same page at
once, but it also enables either part to be redesigned (as long as the controls still stay the same) without affecting the
other.

The code behind model is no different in action to pages where the code is inline. Earlier we mentioned that an ASP.NET
page, and its associated files are compiled into an executable object. This object is essentially (as far as performance
and use go) the same as any other page, allowing easier development with the same effect.

'Code Behind' in Development Tools

The approach you use for code may depend on how you create your ASP.NET applications. For this book, most of the
samples will show code inline, simply because it's easier to show, as well as being more convenient when using text
editors such as Notepad. Other tools, such as Visual Studio .NET take the opposite approach, using the code behind
model as default. One reason is that it allows a standard HTML designer to be used for designing the look and feel of
the page, and a code editor to be used for the actual code. This gives the user the familiar feel (comparable to the
Visual Basic 6 environment) of design and code windows.

Another reason is that Microsoft has taken the view that third parties may want to use write designers or code editors
that integrate with .NET. The code behind approach allows any HTML designer to be used (as long as it doesn't change
ASP.NET controls) and any editor.

Using 'Code Behind'

The principle of code behind is that you create a class for your code, and inherit this class from the ASP.NET Page
object. This gives your class access to the page intrinsics, and allows it to interact with the postback architecture. You
then create the ASP.NET page and use a page directive to inherit from the newly created class.

There are some rules that you must follow to create the code behind class, the first of which is to reference the required
namespaces. At a minimum these need to be System and System.Web.UI, although you may require others. For
example, you generally need to reference controls on the page, and to define the control types you should reference
System.Web.UI.WebControls. You can also include any other namespaces that you require, such as
System.Data.SqglClient for accessing SQL Server.
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Next you create a class that inherits from the Page object (this is why you need the System.Web.UI namespace).
Within this class you should declare public instances of ASP.NET server controls that are on the web page, using the
same name for the variables that the Web Control has. This provides a link between the code behind class and the
actual server controls (there are other ways to do this, but this method is simplest). Within this class you can create
event procedures, methods, and properties, just as you would with any class. The events can be event procedures
named on Server Controls in the web page.

For example, consider the simple select list with Shipping Methods we showed earlier in the chapter. The following code
samples show the code behind class. With the exception of the additions required for the code behind model, the code
is exactly the same as the code inline samples.

VB .NET

Imports System
Imports System.Web.UI
Imports System.Web.UI.WebControls
Imports System.Data
Imports System.Data.SglClient
Public Class ShipMethodClass
Inherits Page
' public variables to match the server controls
Public ShipMethod As DropDownList
Public YouSelected As Label
Public PlaceOrder As Button
Sub Page Load(Source As Object, E As EventArgs)
If Not Page.IsPostBack Then
Dim myConnection As SglConnection
Dim myCommand As SglCommand
Dim myReader As SglDataReader
Dim SQL As String
Dim ConnStr As String
SQL = "select * from Shippers"
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
myConnection = New SglConnection (ConnStr)
myConnection.Open ()
myCommand = New SglCommand (SQL, myConnection)
myReader = myCommand.ExecuteReader ()
ShipMethod.DataTextField = "CompanyName"
ShipMethod.DataSource = myReader
ShipMethod.DataBind ()
End If
End Sub
Sub PlaceOrder click(Source As Object, E As EventArgs)
YouSelected.Text = "Your order will be delivered via " &
ShipMethod.SelectedItem. Text
End Sub

End Class

C#
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using System;
using System.Data;
using System.Data.SglClient;
using System.Web.UI;
using System.Web.UI.WebControls;
public class ShipMethodClass : Page
{
// public variables to match the server controls
public DropDownList ShipMethod;
public Label YouSelected;
public Button PlaceOrder;
public void Page Load(Object Source, EventArgs E)
{
if (!Page.IsPostBack)
{
SglConnection myConnection;
SglCommand myCommand;
SglDataReader myReader;
String SQL;
String ConnStr;
SQL = "select * from Shippers";
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind";
myConnection = new SglConnection (ConnStr);
myConnection.Open () ;
myCommand = new SglCommand (SQL, myConnection) ;
myReader = myCommand.ExecuteReader () ;
ShipMethod.DataTextField = "CompanyName";
ShipMethod.DataSource = myReader;
ShipMethod.DataBind () ;
}
}
public void PlaceOrder Click(Object Source, EventArgs E)

{

YouSelected.Text = "Your order will be delivered via " +

ShipMethod.SelectedItem. Text;

Inheriting the Code Behind Class File in an ASP.NET Page

To connect the class file containing the code implementation to your ASP.NET page, you add an Inherits attribute to
the <%@Page...$> directive, and specify the location of the 'Code Behind' file:

<%@Page Inherits="class name" Src="path to class file" %>
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For example, to inherit from a Visual Basic .NET class named ShipMethodClass that is implemented in a file named
ShipMethodClass.vb in the same directory as the page, we would use:

<%@Page Inherits="ShipMethodClass" Src="ShipMethodClass.vb" %>

Note that it is important to use the correct file extension for your class files- .vb for Visual Basic files, . js for JScript
files, .cs for C# files and . cpp for C++ files. This ensures that they are passed to the correct compiler when the page
is first executed.

An alternative form of this directive allows the Src attribute to be omitted:

<%@ Page Inherits="ShipMethodClass" %>

In this case ASP.NET will assume that the class is pre-compiled, and in the bin directory of the application.

Page Caching

One of the criticisms of dynamic page creation techniques, is that they are less scalable and require more server
resources than just sending static HTML files to clients. A solution that many sites have adopted is batch processing the
pages, and saving the results to disk as static HTML files. However, this can only work if the content is not directly
dependent on the client each time- in other words, the page is the same for all requests. This is the case for things like
product catalogs and reports, and the update process only needs to be run when the data that the page is built from
changes.

ASP.NET includes a new feature called dynamic output caching that can provide the same kind of effect automatically,
without the need to write the pages to disk. Instead, it can cache the dynamically created output (the content that the
client receives), and use this cached copy for subsequent requests. This is even better than writing the content to a disk
file, as it removes the need for a disk access each time. ASP.NET will support this on Windows 2000 and Windows XP
platforms.

Of course, this will only be of any use where the content of the page is the same for all requests for this page. However,
ASP.NET is clever- the cache can be varied based on a set of parameters, either the query string, the browser type,
User Controls (see Partial Page Caching, later in this chapter), or even a custom value, and ASP.NET will only use the
cached copy if the parameters are the same as well. So, for example, pages that change depending on the contents of
the query string will be served correctly- if the contents of the query string are different from those used when the
cached copy was created, a new copy is created instead. This new copy is also cached, and is then available for use by
clients that provide matching query string values.

An Output Caching Example

Output caching a page is quite straightforward. All that is necessary is to add the proper @OutputCache directive to
the page, and ASP.NET will take care of the rest in caching the page. At its simplest, there are two pieces of information
that we need to provide to the @OutputCache directive- how long we want the cached item to remain in the cache,
and what value should be used to vary the cache. Varying the cache means defining the value supplied by the browser
that if it changes, a different page will be cached.

<%@ Page Language="C#" %>
<%@ OutputCache Duration="10" VaryByParam="None" %>
<Script runat="server">
public void Page Load() {
// Get the Date and Time, once again this should not change after the
// first run
DateTime NowTime = DateTime.Now;
DateTime Expires = NowTime.AddSeconds (10) ;
CreatedStamp.InnerHtml = NowTime.ToString("r");
ExpiresStamp.InnerHtml = Expires.ToString("r");
}

</Script>
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<Font size="3">
Output caching for 10 seconds...
<HR size="1">
Output Cache created: <Font color="red">
<B id="CreatedStamp" runat="server"></B></Font>
<BR>
Output Cache expires: <Font color="red">
<B id="ExpiresStamp" runat="server"></B></Font>
</Font>

In this example, we are going to cache the results of the page for 10 seconds. To do this, we set the Duration
attribute of the @OutputCache directive to 10. We also need to supply a value for the VaryByParam attribute as well.
This attribute is required, and it defines what query string parameters to vary the cache by. Since our page does not
rely on a query string, we want to provide the same page regardless of what parameters are passed to the page. The
parameter value of none tells ASP.NET to always provide the same page.

If you view the page, you will see the time when the page was added to the cache, and when

it will expire.

; http: /flocalhost/test/SimpleCache. aspx - Microsoft Internet Explorer H=]
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Cutput caching for 10 seconds. .

Cutput Cache created: Tue, 22 Jan 2002 15:46:11 GMT
Cutput Cache expires: Tue, 22 Jan 2002 15:46:21 GIMT

=
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With the page displayed in the browser, you can press F5 to cause the page to reload. You will notice that each time
you press F5 the same page will be displayed. And after 10 seconds since the first request has elapsed, a new page will
be generated and the times will change.

Caching by Browser

Just as you can vary the cache based on a query string or other parameter, you can also vary the cache based on the
type of browser making the request. To do this, you add the VaryByCustom attribute to the @OutputCache directive.
The value for this parameter can be set to browser. This will tell ASP.NET to vary the cache based on the major
version of the browser type. This means that IE 6 will get one version of a cached page, IE 5 will get another, and
Netscape 6 will get a third. In this way, you don't have to worry about a Netscape browser inadvertently getting a page
from the cache that has been customized to Internet Explorer.

<%@ OutputCache Duration="10" VaryByParam="*" VaryByCustom="browser" %>

Remember that VaryByParam is still a required parameter. If you include a parameter value other than browser, then
you must override the GetVaryByCustomString in your global.asax file.

Remember that output caching only works when using ASP.NET on the Windows 2000 and Windows XP platforms.

Smart Navigation
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Smart navigation is one of the coolest new features of ASP.NET, giving web applications a look and feel more like those
of conventional Windows applications. One of the big drawbacks of web applications is the architecture of HTTP,
requiring postback to the server and a complete redrawing of the page being viewed. Not only does this cause the
screen to 'flash’', but for long pages it also scrolls you to the top of the page, changes control focus, and so on. With
Windows applications we're used to areas of screen content being updated without the rest of the page being affected.
Smart Navigation brings this to web applications.

The first thing to note is that this is an Internet Explorer feature only, requiring IE 5 or higher. While one of the main
goals of ASP.NET is to target HTML 3.2, allowing great cross-browser compatibility, there are plenty of cases where this
isn't an issue. One such case is intranets, where the browser can be controlled. However, you can enable or disable
Smart Navigation at will, without affecting your application in any way. Even if you are targeting multiple browsers you
can leave Smart Navigation enabled, as it detects the browser and only enables itself for supported browsers.

The four features of Smart Navigation are:

m No more screen flash.
m Scroll position maintained.
m Element focus maintained.

m Last page in History maintained.

This feature is really targeted at those applications that require a lot of postback, but where the content doesn't change
a great deal.

Perhaps the most amazing thing about this feature is that you don't actually have to do any coding. Smart navigation is
controlled by a Page directive for individual pages, or in the Web.Config file for entire applications.

For the Page directive the syntax is:

<%@ Page SmartNavigation="true" %>

For web.config the syntax is:

<configuration>
<system.web>
<pages smartNavigation="true"/>
</system.web>
</configuration>

There's no way we can show you a screenshot to see how great this feature is - you have to try it yourself to see it. It
works by loading the page into a hidden IFRAME, and then only rendering those parts of the page that have changed.

Custom Controls

In addition to using HTML and server controls in your ASP.NET page, you can also create custom server controls. There
are four primary ways for creating these custom controls- we will look at the first and simplest way in this chapter. A
user control functions like an include file, but an include with a defined interface. You can also take an existing control
and derive a new control from it- retaining the functionality that you like, and modifying or adding new functionality. A
composite control can be created by combining the functionality of two or more server (or user) controls into a new
control. Finally, you can create a custom server control from scratch- by starting with a base control class and
extending it to support the functionality and the resulting HTML that you need.

The idea behind user controls is that you can create reusable sections of code or content as separate ASP.NET controls,
and then use them in other pages without having to change the code, or even be aware of how it works! And while
'Code Behind' techniques are primarily aimed at just inheriting code classes into a page, user controls allow you to
inherit parts of the user interface as well. In effect, they are a way of encapsulating other controls and code into a
reusable package. The programming model for writing user controls is exactly the same as that for writing ASP.NET
pages- if you know how to write ASP.NET pages, then you know how to write user controls. Because they are so easy to
create, user controls enable a RAD-style development model for building reusable controls.
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Approaches to Building User Control

There are two approaches that you can use to build a user control. You can take an existing ASP.NET page and convert
it to a user control. Or, you can set out to build a user control from scratch. The advantage to creating one from an
existing (and assumed working) page is that you can test it directly as an ASP.NET page, make sure it works, and then
convert it to a user control. But to be able to do this, we need first to see how to create a user control from scratch.

Creating a User Control

With what we have looked at up to this point in the book, you already have everything you need to create user controls
from scratch. A user control is nearly identical to a Web Forms page, except for a few minor differences. A user control
does not have a <HTML> tag, a <BODY> tag, or even a <FORM> tag. Since a user control will be inserted into another
page, the other page will already have these elements. And since a page can only have one set of these elements, it is
important that they are not part of the user control.

A user control can contain client script, HTML elements, ASP.NET code, and other server controls. The simplest user
control would be one that simply outputs HTML when the page is rendered.

<hr>

<table border="0">

<tr><td colspan="2" align="center">This table is in a User Control</td></tr>
<tr><td align="right">Copyright: </td><td>2002 Wrox Press</td><tr>

<tr><td align="right">Page Created on: </td><td><%= Now () %$></td></tr>
</table>

If we create this file on our server and save it as standardFooter.ascx, we have now created our first user control.
User controls have to have a file suffix of .ascx. To test it, we need to add it to a Web Forms page. There are two steps
to doing this. First, we need to use the @Register directive to tell the page that there is a new user control that we
are going to be using in the page.

<%@ Register tagprefix="wrox" Tagname="footer" Src="standardFooter.ascx" %>

Next, we need to add it to the page where we want this information to be displayed.

<wrox:footer runat="server" />

When we view the page in the browser, we will see this on the page:

; Testing our Uzer Control - Microzoft Internet Explorer
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Converting a Page to a User Control

Now that we can see how easy it is to create a user control from scratch, let's look at the more common way of creating
a user control. As you are developing your ASP.NET web application, you will probably come across sections of code
that you are using on multiple pages. In the past, your options were to create an include file that kept the code in a
single location, or maybe creating a design-time control for Visual Studio. But neither of these methods was really that
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simple or straightforward to use. And all developers know that if something isn't simple and straightforward, then
chances are it won't get used. But now with user controls, we can take that code segment from our existing page and
turn it into a control that can be easily reused in multiple pages.

At the beginning of this chapter, we saw an example that enabled you to select from a list of shipping methods. This
page included the database code to retrieve the list as well as the controls to display the list. If we can package that
logic into a reusable control, then we can ensure that wherever we need a list of shippers in our application (or
applications) the data will be retrieved and displayed in the same way. A similar technique is used in Chapter 8 to build
a control that returns data.

The first part of our control will be the display. The selection list is a drop-down list server control. We will leave what to
do with the data in the control up to the page that is hosting the control. Since the server control is using data binding,
the code that makes up the display will be quite simple.

<asp:DropDownList id="ShipMethod" runat="server"/>

The main work of the page is done in the code that sets up the page. Since in effect the user control is a page, we can
still perform the work to read from the database in the Page Load event that we used in the original page. We also
need to check to see if the page we are converting into a user control has an @Page directive. If it does, then we will
need to change this to a @Control directive.

<%@ Control Language="Visual Basic" %>
<script language="VB" runat="server">
Sub Page Load(Source As Object, E As EventArgs)
If Not Page.IsPostBack Then
Dim myConnection As SglConnection
Dim myCommand As SglCommand
Dim myReader As SglDataReader
Dim SQL As String
Dim ConnStr As String
SQL = "SELECT * FROM Shippers"
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
myConnection = New SglConnection (ConnStr)
myConnection.Open ()
myCommand = New SglCommand (SQL, myConnection)
myReader = myCommand.ExecuteReader ()
ShipMethod.DataSource = myReader
ShipMethod.DataBind ()
End If
End Sub
</script>

As you can see, this is exactly the same code that we had in our ASP.NET page. Since there are references to
other .NET assemblies in our code, we need to add an @Import directive to our user control. We can't necessarily rely

on the page hosting this control to have imported these references. It doesn't matter to the compiler if these references
are imported twice- but it will complain if they aren't there at all.

<%@ Import Namespace="System.Data" %>
<%@ Import Namespace="System.Data.SglClient" %>

When we view a page that contains this control, we will see:
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Testing our User Control - Part 2 - Microzoft Internet Explorer

File=  Edit “iew Favaortes Toolz  Help |“
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Addiess @] http:/localhost/test/UserContol2. asps

Here is some hody text.

Please choose a shipping method: | Speedy Express |z}
speedy B g

If we examine the HTML that this produces you can see that nothing special is happening on the client:

<html>
<head>
<title>Testing our User Control - Part 2</title>
</head>
<body>
<form name="ctrl0" method="post" action="UserControl2.aspx" id="ctrlO">

<input type="hidden" name="_VIEWSTATE"

value="dDwzNzA5NjI5Njk7dDw7bDxpPDE+0z4 7bDx0PDtsPGk8MT47PjtsPHQO802w8aTwwPjs+02w8d
Dx0PDtwPGw8aTwwPjtpPDE+02k8Mj47PjtsPHABU3BlZWR5IEV4cHI1c3M7MT47cDxVbml 0ZWQgUGFja
2FnZTsyPjtwPEZ1ZGVyYWwgU2hpcHBpbmc7Mz47Pj47Pjs7Pjs+Pjs+Pjs+Pjs+QCtfh/cNp+z/JarjD
m/wQX8mmtA=" />

<strong>Here is some body text.</strong>

<P>Please choose a shipping method: <select name="ctrll:ShipMethod"
id="ctrll ShipMethod">

<option value="1">Speedy Express</option>
<option value="2">United Package</option>
<option value="3">Federal Shipping</option>
</select>
</P>
<hr>
<table border=0 align=center>
<tr><td colspan=2 align=center>This table is in a User Control</td></tr>
<tr><td align=right>Copyright: </td><td>2002 Wrox Press</td><tr>
<tr><td align=right>Page Created on: </td><td>22/01/2002 15:48:09</td></tr>

</table>

134
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</form>
</body>
</html>

The user control behaves just like any other control. The Page Load runs and any content is transmitted to the par
page. The difference is that this user control can be dropped onto other pages.
The @ Control Directive

This directive is used to assign control-specific attributes that are used by the Web Forms page parser and compiler
affect how the user control is created. There can only be one @ Control directive in a single file.

135

ent

to

|Attribute ||Va|ues (default in boId)||Used for |
|AutoEventWireup”ﬁueorFaBe

||Indicates whether the page's events are automatically enabledl

|ClassName ||Va|id class name ||Class name that this control is compiled as. |

|C0mpiler0ptiOHS||Valid compiler options ||List of compiler options to be used when the page is compiled.|

[Attribute |[values (default in bold) |[Used for
|Debug ||True or False ||Compi|es the page with debugging enabled.
|Description ||n/a ||Description of the page - ignored by ASP.NET.

|EnableViewState||True or False ||ViewState for this user control is maintained during round-trips

[Explicit |[True or False ||Uses the Visual Basic Option Explicit mode.

|Inherits ||Va|id class name ||Code-behind class that this control inherits.

|Language ||Va|id .NET Language name”Language used to compile all sourcecode on the page.

|Src ||Va|id source file name ||Fi|e name of the Code-Behind class used by this page.

|Strict ||True or False ||Uses the Visual Basic Option Strict mode.

|WarningLevel ||O, 1,2,0r4 ||Compi|er warning level at which compilation should be aborted.

User Control Properties

You can interact with your user control by exposing a set of properties for it. This will allow you to programmatically
change the behavior of the control from the page that is hosting it. It also makes it much easier to build a control th
can be used on multiple pages, even if the data being displayed is somewhat different.

There are three steps to using properties with user controls. First, you need to expose the properties from your user

at

control. This is done using the standard property syntax that we have already seen in the book. If we take our previous

example, we can add to it to expose some properties.

<%@ Import Namespace="System.Data" %>
<%@ Import Namespace="System.Data.SglClient" %>
<script language="VB" runat="server">
Private ConnStr As String
Property ConnectionString() As String
Get
return ConnStr
End Get
Set

ConnStr value

End Set
End Property
Sub Page Load(Source As Object, E As EventArgs)
If Not Page.IsPostBack Then

Dim myConnection As SglConnection



Brought to you by mcsd2000 136

Dim myCommand As SglCommand
Dim myReader As SglDataReader

Dim SQL As String

SQL = "select * from Shippers"
If ConnStr = "" Then
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
End If

myConnection = New SglConnection (ConnStr)
myConnection.Open ()

One of the ways that we can make our user control more extensible is to not hardcode the database connection string.
If we make the connection string a property of the control, then the page that is using the control can pass in the
proper connection string. In the code above you can see that no matter what page the control is used in, a default
connection string will be used if none is provided.

The first thing to do is to create a variable to hold the connection string value. Since the property assignment statement
is called before Page Load, we need to have a place to hold the value before it is used to actually open the database.

Private ConnStr As String

The next step is to allow the user of the control to set a value for the property, as well as read the value contained by
the property. This is done using the Property statement. We provide a Get method to allow for the retrieval of the
value, and a Set method to allow the property value to be set.

Property ConnectionString() As String
Get
return ConnStr
End Get
Set
ConnStr = value
End Set

End Property

Finally, we need to use the connection string to open the database. Since we can't guarantee that a user will have set
the Property value, we need to have a default value that is used if there is no value present. Alternatively, if we
wanted to require that a value be set, then we could throw an exception at this point if there is no value set. But in this
case, we will use a default value.

If ConnStr = "" Then
ConnStr = "server=localhost;uid=sa;pwd=;database=Northwind"
End If

The last step is to use this revised user control in our ASP.NET page. To pass a property to a user control, you simply
add the property name and value as a parameter when you add the user control to the page. These parameters can
also be set dynamically in code if you want.

<wrox:shipment ConnectionString="server=localhost;uid=sa; pwd=;database=Northwind"

runat="server" />

User Control Events

The key thing that you need to remember when dealing with user control events, is that the event needs to be handled
in the user control itself, and not in the page. In this way, all of the event handling for a user control is encapsulated
within the control. You should not try to include event handlers for controls within a user control in the page that is
hosting the user control(that is, the parent page) - the events will not be passed to the page, so the event will never be
processed.



Since event handlers within a user control are handled in th
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Public Class shipMethodClass
Inherits UserControl
Private ConnStr As String
Public ShipMethod As DropDownList
Public SelectedMethod As Label

When we save our code-behind file, it is important to use the proper filename extension. This is the only way to inform
the ASP.NET compiler what language our code-behind file is written in. If you don't use the proper extension, then the
compiler will fail when trying to display this page.

<%@ Control Inherits="shipMethodClass" Src="shipMethod.vb"
ClassName="shipMethod" %>

Finally, we need to remove the VB code from our user control and then add a @Control directive to attach the user
control to the codebehind file. There are three attributes in the @Control directive that we need to use. The Inherits
attribute defines the name of the class that contains the codebehind code. The Src attribute defines the source file that
actually contains the code-behind sourcecode. The ClassName attribute defines a class name for the control, which we
will need if we dynamically create the control on a page.

Partial Page Caching with User Controls

As we saw earlier in this chapter, you can use caching to reduce the number of processing cycles required to deliver a
page when it is requested by the client. By storing the output from a page on the server, and then outputting that
information to a client when the same page is requested again, we eliminate the need to execute the page again. We
can use a very similar concept to allow us to cache parts of a page.

If you are wondering, "how can I tag part of the page to be cached?" then think about what user controls do. They are
basically separate page sections that are embedded into another page. If we could cache the output of a user control,
and then insert it into a page when it is requested, then we can again achieve the benefits of caching. This technique is
called partial page caching, or fragment caching.

The key to using fragment caching is through user controls. You must place the portions of the page that you wish to
cache into a user control, and then indicate that the user control should be cached. To do this, you use the
@OutputCache directive, just like we did when we cached the entire page.

<%@ OutputCache Duration="time" VaryByParam="none" %>

To see how fragment caching works, we will add caching to the user control that we have been looking at in this
chapter. This specific user control, since it is performing database access, will gain great performance benefits by being
cached. Since the data that is being displayed does not change very frequently, it would be of great benefit if we didn't
have to go to the database each time the control is used.

<%@ Import Namespace="System.Data" %>
<%@ Import Namespace="System.Data.SglClient" %>
<%@ OutputCache Duration="10" VaryByParam="none" %>
<script language="VB" runat="server">
Sub Page Load(Source As Object, E As EventArgs)
Dim NowTime As DateTime
Dim Expires as DateTime
NowTime = DateTime.Now
Expires = NowTime.AddSeconds (10)
CreatedStamp.InnerHtml = NowTime.ToString("r")
ExpiresStamp.InnerHtml = Expires.ToString("r")
If Not Page.IsPostBack Then

Dim myConnection As SQLConnection
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The one line that enables fragment caching is the @OutputCache directive. We have set the cache to hold the page for
10 seconds. By setting the VaryByParam attribute to none we have the same cached value regardless of the
parameters or browser making the request.

The rest of the code that we have added to the user control is simply to help us identify that the cache is actually
working. We want to display the time at which the user control was run, and when the cache expires, 10 seconds
afterwards. There are two Label server controls that will display that information for us.

<HR>Fragment Cache created: <Font color="red">
<B id="CreatedStamp" runat="server"></B></Font>
<BR>
Fragment Cache expires: <Font color="red">

<B id="ExpiresStamp" runat="server"></B></Font>

When we view the page in the browser, we can see the time that the page was created, the time that the user control
was created, and when the cached version of the user control will expire. Here we see that the time the page was
loaded was 15:48:45 - the same time shown on the fragment cache.

a Testing our Uzer Control - Part 2 - Microsoft Internet Explorer
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If we hit F5 to refresh the browser, we can then see that the page creation time changes (it's now 15:49:24), but the
user control creation time and cache expire time doesn't change- it is being drawn from the cache.
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a Testing our Uzer Control - Part 2 - Microsoft Internet Explorer
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Summary

In this chapter, we have taken a look at the core for ASP.NET- the page. Whether you refer to it as a Web Form or as
an ASP.NET page, the page is the central part of all that you will do with ASP.NET. The page is what embodies the
interface that the user has to interact with, on your web site or web application. The page gives us plenty of power to
do things, like generate non-text files such as images, or be separated into smaller segments called user controls. But
with this power also comes complexity. The nice thing though about the Page object and all that it represents is that
you can just work with the tip of the iceberg and still function. But when you need to delve deeper, the Page object,
and all that it encompasses, has the power that you need.

In this chapter, we looked at:
m The old way of doing ASP pages, and contrasted that with the new ASP.NET style of pages.
m The Page class itself and the object model that it supports.
m The steps that the page goes through in its lifetime.
m How to use Code Behind to separate code from layout.
m How output caching can be used to increase performance.

m How to create and use user controls.

In the next chapter, we will begin to dive deeper into the world of server controls. As we have already seen with user
controls, the ability to embed complex functionality into a control, and then drop that control onto a Web Form page
with one tag is one of the revolutionary aspects of ASP.NET.
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Server Controls and Validation

We have already used server controls in many of the examples of building ASP.NET pages in previous chapters. In this,
and the next two chapters, we are going to be looking in more depth at exactly what server controls are and how we
can use them. In fact, we will be examining all the different types of server controls that are supplied with the

standard .NET installation.

Server controls are at the heart of the new ASP.NET techniques for building interactive web forms and web pages. They
allow us to adopt a programming model based around serverside event handling that is much more like the structured
eventdriven approach we are used to when building traditional executable programs.

Of course, as the .NET framework is completely extensible, we can build our own server controls as well, or just inherit
from existing ones and extend their behavior. We will look at how we can go about building our own server controls
later in this book. In the meantime, we will stick to those that come as part of the standard .NET package.

The topics we will cover in this chapter are:
m What are server controls?
m How we can build interactive forms and pages using them.
m The server controls that are supplied with .NET.

m A detailed look at the HTML and Input Validation controls.

We start with the obvious question; 'What are server controls?'

What are Server Controls?

As we saw in Chapter 4, ASP.NET is designed around the concept of server controls. This stems from the fundamental
change in the philosophy for creating interactive pages. In particular, with the increasing power of servers and the ease
of building multi-server web farms, we can circumvent the problems of handling the increasing range of different client
devices by doing much more of the work on the server.

We also end up with a client interface that looks and behaves much more like a traditional application. However, to

understand how the use of server controls affects the way we build applications, it is important to grasp the way that
the new ASP.NET 'page' model changes the whole approach to web page design.

The ASP.NET Page Model Revisited

In previous versions of ASP, we have gotten quite used to the traditional way of creating pages dynamically:

o Capture the request in IIS and pipe it through a parsing engine like the ASP interpreter. This is achieved by
setting the script mappings in IIS to direct all requests for .asp pages to the ASP ISAPI DLL named asp.dll.

o Within the interpreter (asp.dl1l), examine the page for server-side script sections. Non-script sections are
simply piped back out to the client through the response. Script sections are extracted and passed to an
instance of the appropriate scripting engine.

o The scripting engine executes the code and sends any output that this code generates to the response, at that
point in the page.
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The problem is that the code usually ends up resembling spaghetti. It is really hard to get a well- structured design when

all we are doing is interpreting the blocks of script that can be placed almost anywhere in the page.

ASP.NET Pages are all about Events

Instead, if we think about how a traditional Windows executable application is created, it all depends on events. We

create a form or window for the user to work with, and place in it the controls they will use to accomplish the required
task. Events are raised as the user interacts with the controls and the page, and we create handlers for these events.

The code in each event handler is responsible for updating the page or controls, creating output, or carrying out

whatever task is required:

Create N
Form ar

My Application

Window
|

Event

Run Some
Function or
Code Routine

Result

Enter something |

And again |

Something else |

And a bit more |

oK

The great thing with ASP.NET is that, in conjunction with server controls and the new 'page' model, we can build web

pages and web applications that work in just the same way. In other words, we now have a proper event-driven

architecture.

ASP.NET is Compiled Code

Much of the theory of this new page structure was covered in previous chapters, so we will confine ourselves to the
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actual server controls themselves in this chapter. However, the important concept to grasp is that the whole page,
including all of the HTML, text, and other content, is compiled into a class. This class can then be executed to create the
output for the client.

All the static or client-based content (text, HTML, client-side script, and so on) is sent to the client through the response
when the class is executed. We have no interaction with it on the server. However, all controls or elements that are
marked with the runat="server" attribute are themselves created as objects within the page class. This means that
we can write code that uses these objects. Or, to put it more simply, if we mark an element or control as being
runat="server", we can access its properties, call its methods, and react to the events it raises on the server. This
works because ASP.NET uses <form> elements to create the postback architecture we described in earlier chapters. In
the postback architecture, the page and its contents are posted back to the same ASP.NET file on the server when the
user interacts with the controls on that page.

Server Controls are Event-Driven

When a user clicks a button on a page, the values of the controls on that page are posted back to the server and an
event is raised (on the server). We react to this event using an event handler. For example, we can define a button
control in the following way:

<input type="submit" value="Go" onserverclick="MyFunction" runat="server" />

Then, on the server, we react to the click event (notice that the attribute name is onserverclick, not onclick,
which is defined in HTML 4.0 to raise a client-side event):

<script language="VB" runat="server">

Sub MyFunction (objSender As Object, objArgs As EventArgs)
code to handle the event here

End Sub

</script>

Server Controls are Objects Within the Page

Another point that might seem obvious, but which is again at the heart of the new page design, is that each server
control is compiled into the page class as an object that is globally available within the page. This means that, within an
event handler, we can access all the controls on the page. So, as in a traditional application, we can access the values
in other textboxes, buttons, list controls, and so on, then take the appropriate actions and/or create the appropriate
output. Here is an example where the Page Load event is used to collect values from several server controls:

<div id="divResult" runat="server" />

<script language="VB" runat="server">
Sub Page Load()

Dim strResult As String

strResult = "MyTextBox.ID = " & MyTextBox.ID & "<p />"
strResult += "MyTextBox.Value = " & MyTextBox.Value & "<p />"
strResult += "MyCheckBox.Checked = " & MyCheckBox.Checked

divResult.InnerHtml = strResult
End Sub
</script>

And, of course, we can also set the value of the controls:

<script language="VB" runat="server">
Sub Page Load()
Dim datToday As Date = Now ()

MyTextBox.Value = datToday
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End Sub

</script>

Experimenting with Server Controls

To show how the various server controls work, we have provided a simple example application that shows the output
generated in the browser by each of the controls. You can also set the values of the common properties for each control
and see the results.

The example is included in the samples that you can download for this book from
http.//www.wrox.com/Books/Book_Details.asp?isbn=1861007035, or run on-line at
http://www.daveandal.com/profaspnet/.

The application is in the folder named server-controls, and has a default.htm page to start it:
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The gray background section in the main page displays the actual HTML output that the selected control generates. This
is done with some client-side JScript, which creates an instance of the XMLHTTP object (an integral part of IE 5) and
uses it to fetch the same page again as a string, after it has finished loading into the right-hand frame of our
application. The code then parses out the section containing the output of the server control and displays it (you can
view the source of the page to see this code). This means that you will only be able to use IE 5 or above to view this
particular example. However, this was felt to be a valid course of action in order to show the actual output of the server
controls.

We could simply have queried the OuterHtml property of the element itself to get the HTML content, but this is
actually different from the HTML that the browser receives from the server. The IE HTML DOM parses the incoming
HTML and sorts and simplifies the attributes, so you wouldn't see a true picture of the server control's output in this
case.

As you can see from the previous screenshot, the left-hand frame contains a collapsible tree listing all the server
controls. For each one, you can specify the values for several of the most useful properties for that control. For
example, in the next screenshot we have selected the HTML Anchor control and set the Title, Href, Name, and
Target properties, and then clicked the Update button. You can see the effect this has on the output of the control:
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We will be using this application throughout this, and the next, chapter to demonstrate the various controls. We don't
have room to exhaustively examine all the methods and properties for all of the controls, but you can experiment with
it yourself to see what effect each of the properties has on the output created by the different server controls.

By comparing the output that is generated to the property settings you make, you can get a feel for how these controls
can be used. OK, so it is a relatively simple onetoone connection between the properties you set and the attributes that
are created with the HTML controls. However, as we will see in the next chapter (particularly with the rich controls
described there), the results from the other sets of server controls can be quite different.

About the Example Application

Although we won't be describing how the example application works in this chapter, the sourcecode is available for you
to look through if you want to learn more. Basically, all it does is create an instance of the selected control and then
display a set of input elements for the properties specific to that control. As the page loads, it reads the values of these
properties and inserts them into the input elements. When we set one or more of the properties and click the Update
button, the server control is updated to reflect these property values.

We haven't provided inputs for all the properties, as there are a large number that are generic to many controls, and
which are not commonly used. Where the property value is taken from an enumeration, such as the A1ign property for
an ASP:Image control, we provide a drop-down list containing the enumeration values. To set the property when the
page is submitted, we use the integer value of that enumeration member as stored in the value attribute of the list
box item. We will discuss this in more detail when we look at the ASP.NET Web Form controls in the next chapter.
However, you can see how this works if you examine the sourcecode for the page (asp image.aspx).
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Some of the server controls demonstrated in the application (such as textboxes and lists) are interactive. However, note
that any changes you make within the control itself (the control we are demonstrating) are not reflected in the property
values shown in the controls where you set these values. For example, if you change the text in the HtmlInputText
control at the top of that particular demonstration page, it is reset to the value shown in the Value property input
control when you click Update. At any time you can return the control to its original state by clicking the Reset button.

When Should I Use Server Controls?

One very important topic to consider is when we should choose server controls over 'normal' HTML elements. For
example, if we want a textbox on a form, should we use a server control or a normal <inputtype="text"> element?
In fact, to create a textbox we have three options. We can just use an ordinary HTML element that is displayed as a
textbox in the browser:

<input type="text" name="mytext" />

We can also use an HtmlInputText server control. Again, we set the type attribute to "text", but this time we
include the runat="server" attribute as well:

<input type="text" id="mytext" runat="server" />

Or we can use an ASP TextBox control (we will discuss the pros and cons of these controls in the next chapter):

<asp:TextBox id="mytext" runat="server" />

Adding the runat="server" attribute to an HTML element, or using one of the ASP Web Form controls (which must
always include the runat="server" attribute in their definition) causes that control to be compiled into the page, and
executed on the server each time the page is requested. This is obviously more resource-intensive than just including
some HTML in the page output, as would be the case with an element that does not contain the runat="server"
attribute.

However, if we want to be able to access the element's properties, methods, or events in our server-side code, we have
to create it as a server control. It is always worth considering which elements actually do need to be server controls
when we build a page, though. For example, the following situations do not require a server-side control:

m When the element is only used to run some client-side script. For example, a button that opens a new browser
window, interacts with a client-side ActiveX control or Java applet, or calculates some value for display in the
page using DHTML or in an alert dialog.

® When the element is a Submit button that is only used to submit a form to the server. In this case, the code in
the Page_Load event handler can extract the values from the other controls.
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m When the element is a hyperlink that opens a different page or URL and there is no need to process the values
for the hyperlink on the server.

m  Any other times when access to the element's properties, methods, or events in server-side code is not
required.

Remember that we can still use the Request.Form and Request.QueryString collections in the same way as in
previous versions of ASP if we wish, with both ordinary HTML control elements and with server controls. HTML control
elements that are on a <form> but which are not marked with runat="server" (in other words they are not server
controls), will still send their values to the server in the Request.Form and Request.QueryString collections when
the form is submitted.

In general, a page that uses server controls instead of HTML elements results in something like a 30 percent drop in
performance each time the page is generated. However, this is only an average - you don't get a compounded 30
percent penalty hit for every control. Besides, if you use server-side code to set the values of controls using traditional
ASP techniques, you generally get worse performance compared to using the ASP.NET server controls.

The Controls Available in ASP.NET

We are now in a position to appreciate the advantages we get with server controls:

m HTML output that creates the elements to implement the control in the browser

m  An object within the page that we can program against on the server

m  Automatic maintenance of the control's value (or state)

m Simple access to the control values without having to dig into the Request object
m The ability to react to events, and so create better structured pages

m A common approach to building user interfaces as web pages

m The ability to more easily address different types of client device

The server controls provided with the .NET Framework fall quite neatly into six groups:

m HTML Server Controls - The server-based equivalents of the standard HTML controls. They create output that is
basically the same as the definition of the control within the page, and they use the same attributes as the
standard HTML elements. We will be looking at these controls in this chapter.

m ASP.NET Validation Controls - A set of special controls designed to make it easy to check and validate the values
entered into other controls on a page. They perform the validation client-side, server-side, or both, depending
on the type of client device that requests the page. We will also be looking at these controls in this chapter.

m ASP.NET Web Form Controls - A set of controls that are the equivalent of the normal HTML <form> controls,
such as a textbox, a hyperlink, and various buttons. They have a standardized set of property names that make
life easier at design-time, and easier for graphical page creation tools to build the page. We will see more about
these controls in the next chapter.

m ASP.NET List Controls - These controls provide a range of ways to build lists. These lists can also be data bound.
In other words, the content of the list can come from a data source such as an Array, a HashTable, or a
range of other data sources. The range of controls provides many different display options, and some include
special features for formatting the output and even editing the data in the list. We will see more about these
controls in Chapter 7.

m ASP.NET Rich Controls - These controls are things like the Calendar and Ad Rotator, which create complex task-
specific output. We will see more about these controls in the next chapter.

m ASP.NET Mobile Controls - A separate set of controls that provide the same kind of functionality as the Web
Form, List, and Rich controls, but they have specially extended features that completely change the output of
the control based on the client device that is accessing the page. They are primarily designed to support mobile
and small-screen devices, and they can create output that is in Wireless Markup Language (WML) as well as
HTML and other formats. We will see more about these controls in Chapter 21.
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The HTML Server Controls

The HTML server controls are defined within the namespace System.Web.UI.HtmlControls. There are a couple of
generic base classes defined there, from which the controls inherit. There are also specific classes for each of the
interactive controls (those controls that are usually used on an HTML <form>).

The HtmlControl Base Classes

The base class for all HTML controls is System.Web.UI.HtmlControls.HtmlControl. This exposes methods,
properties, and events that are common to all HTML controls. For example, the ones we use most often include:

Member ||Description

Returns a collection of all the attribute name/value pairs within the . aspx file for this control.
Attributes Can be used to read and set nonstandard attributes (custom attributes that are not actually
property part of HTML) or to access attributes where the control does not provide a specific property for

that purpose.

|ClientID property ||Returns the control identifier that is generated by ASP.NET. |

Returns a ControlCollection object containing references to all the child controls for this

Controls propert
ontroLs property control within the page hierarchy.

|Disabled property ||Sets or returns a Boolean value indicating if the control is disabled. |

EnableViewState ||Sets or returns a Boolean value indicating if the control should maintain its viewstate and the

property viewstate of any child controls when the current page request ends. The default is True.

|ID property ||Sets or returns the identifier defined for the control. |
|Page property ||Returns a reference to the Page object containing the control. |
|Parent property ||Returns a reference to the parent of this control within the page hierarchy. |
|Style property ||References a collection of all the CSS style properties (selectors) that apply to the control. |
|TagName property ||Returns the name of the element, for example a or div. |

Sets or returns a Boolean value indicating if the control should be rendered in the page output.

Visible property Default is True.

|DataBind method ||Causes data binding to occur for the control and all of its child controls. |
FindControl
Fneontro Searches within the current container for a specified server control.
method
HasControl L . . . .
ma:esthgg roLs Returns a Boolean value indicating if the control contains any child controls.

DataBinding event ||Occurs when the control is being bound to a data source. |

A full list of all the members for this object can be found in the .NET Framework SDK Documentation under Reference |
Class Library | System.Web.UI.HtmIControls | HtmIControl Class | HtmIControl Members.

The second base class is System.Web.UI.HtmlControls.HtmlContainerControl, which is used as the base for
all HTML elements that must have a closing tag (elements such as <i>;, <b>;, and <select>; that, unlike <img>; or
<input>;, make no sense as single tags). This class inherits from HtmlControl, and exposes the same methods,
properties, and events as shown above. Also, because it is only used for 'container' elements that can themselves have
content, it adds two more very useful properties that allow us to read and set this content:

|Property ||Description |

|InnerHtml property”Sets or returns the HTML and text content between the opening and closing tags of the control.l

|InnerText property”Sets or returns just the text content between the opening and closing tags of the control. |

The HtmlGenericControl Class

As you will no doubt be aware, there are around 100 elements currently defined in HTML, although some are
browserspecific. Rather than provide a distinct class for each of these, the .NET Framework contains specific classes for
only a few of the HTML elements. These mainly include those elements that we use on an HTML <form>, or which we

use to build interactive parts of a page (such as hyperlinks or images).

This doesn't mean that we can't use other HTML controls as server controls. If there is no specific class for an element,
the framework substitutes the System.Web.UI.HtmlControls.HtmlGenericControl class instead. Note that this
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is not a base class - it is a public class designed for use with elements for which there is no specific class.

For example, you may have noticed in an example earlier in the chapter that we used a <div> element to display the
results of some code in an event handler:

<div id="divResult" runat="server" />
Sub Page Load()

divResult.InnerHtml = strResult
End Sub

You can see that we have defined the <div> as being a server control (it includes the runat="server" attribute, and
this allows us to use the XML-style shorthand syntax of specifying a forward slash instead of a closing tag). To display
the result, we simply set the InnerHtml property on the server. So, if the value of strResult is Thisistheresult,
the page output will contain:

<div id="divResult">This is the result</div>

As the HtmlGenericControl is based on the HtmlContainerControl base class (which itself inherits from
HtmlControl), it exposes the same list of members (properties, methods, and events) that we described earlier for
these classes. In our previous code, we used the InnerHtml property to display a value within the control. We can

equally well use the other members. For example, we can force the element to be displayed or hidden (included or not
included in the final page output) by setting the Visible property.

The Specific HTML Control Classes

The System.Web.UI.HtmlControls namespace includes specific classes for the HTML interactive controls, such as
those used on a <form>. Each one inherits from either HtmlControl or HtmlContainerControl (depending on
whether it has a closing tag), so it has the same members as that base class.

However, for these controls to be useful, we need to be able to access the properties and events that are specific to
each type of control. For example, with a hyperlink, we might want to read and set the href, name, and target
attribute values in our server-side code. We might also want to be able to detect when a user clicks on a hyperlink.

To accomplish this, each of the controls has specific properties and events that correspond to the attributes we normally
use with that element. A few also have other properties that allow access to control-specific values, such as the
PostedFile property for an <inputtype="file">; element or the specific data binding properties of the
<select>; element. The button-type controls also have a CausesValidation property, which we will see in use
when we look at the Validation server controls later in this chapter.

|HTML Element ||Specific Properties ||Specific Events |
|<a>ChssName:HtmlAnchor ”Href,Target,Title,Name ”OnServerClick
, Align, Alt, Border, Height
< > : HtmlI 2 ! ! - -
img>Class Name mlImage Src, Width none
<form>Class Name: HtmlForm Name, Enctype, Method, - none -
Target
|<button>CIass Name: HtmlButton ||CausesValidation ||OnServerClick|
<3 _n "S<q _n 1 t"><] .
input type="button input type="submit input Name,Type(Valge, OnServerClick
type="reset">Class Name: HtmlInputButton CausesValidation
|HTML Element ||Specific Properties ||Specific Events |
<input type="text"><input
type="password">Class Name: MaxLength, Name, Size, Type, Value OnServerChange
HtmlInputText
<input type="checkbox">Class Name:
onsS Ch
HtmlTnputCheckBox Checked, Name, Type, Value nServerChange
<input type="radio">Class Name:

. onsS Ch
HtmlTnputRadioButton Checked, Name, Type, Value nServerChange
<input type="image">Class Name: Allgn,Alt(BorQer,Name,Src,Type,Value, onServerClick
HtmlInputImage CausesValidation
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<input type="file">Class Name: Accept, MaxLength, Name, PostedFile, Size,
HtmlInputFile Type, Value none
<input type="hidden">Class Name:

OnServerChange
HtmlInputHidden Name, Type, Value v g
<textarea>Class Name: HtmlTextArea ||Cols, Name, Rows, Value ||OnServerChange

Multiple, SelectedIndex, Size, Value,
<select>Class Name: HtmlSelect DataSource, DataTextField, OnServerChange
DataValueFieldItems (collection)

Align, BgColor, Border, BorderColor,
<table>Class Name: HtmlTable CellPadding, CellSpacing, Height, NoWrap, - none -
WidthRows (collection)

Align, BgColor, Border, BorderColor, Height,

<tr>Class Name: HtmlTableRow ; . - -
VAlignCells (collection) none
Align, BgColor, Border, BorderColor,

<td>Class Name: HtmlTableCell ColSpan, Height, NoWrap, RowSpan, VAlign, - none -

Width

In the next sections of this chapter, we will examine these controls in more detail using the demonstration application
we have provided.

Using the HTML Server Controls

In most cases, the use of HTML controls is self-evident if you are familiar with the quirks of HTML and its inconsistent
use of attribute names. The properties of the controls, as we have just seen, match the attribute names almost
identically. There are a couple of useful techniques that apply to all the HTML controls, and in fact to most of the other
server controls as well. We will look at these next.

Setting the Control Appearance Using Style Properties

All the server controls (including the ASP Web Form controls we look at in the next two chapters) provide a Style
property that we can use to change the appearance of the control. It defines the CSS properties that will be added to
the element tag when the control is created. We simply set or add the appropriate CSS style selectors to the collection
for that control, using the same values as we would in a normal CSS stylesheet. For example, we can display the
content of a <div> element in large red letters like this:

<div id="divResult" runat="server" />

<script language="VB" runat="server">

Sub Page Load()

divResult.InnerHtml = "Some Big Red Text"
divResult.Style ("font-family") = "Tahoma"
divResult.Style ("font-weight") = "bold"
divResult.Style ("font-size") = "30px"
divResult.Style("color") = "Red"

End Sub

</script>

Here's the result:
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If we examine the output that is generated by the control, we see the style attribute that determines the formatting
we specified in our code:

<divid="divResult"style="fontfamily:Tahoma; fontweight:bold; fontsize:30px;color:Red;">SomeE

This technique is most useful with the HTML controls, as the ASP.NET Web Form controls and most of the other server
controls have specific properties that can be used to change their appearance, as we will see in the next chapter.

Managing Viewstate Across Postbacks

One important point you should be aware of is the effect that viewstate has on the performance of the server and the
page itself. We looked at what viewstate is in the previous chapter, and we will see more detail about the effects it has
on performance in Chapter 7, when we come to look at the more complex list controls. Basically, to recap, an ASP.NET
page containing a server-side <form> control automatically generates viewstate. This is an encoded representation of
all the values in all the controls on the page, and it is persisted across page loads using a HIDDENtype <input>
control. If you view the source of the page in the browser, you'll see this:

<form name="ctrlO" method="post" action="mypage.aspx" id="ctrl0">

<input type="hidden" name="_VIEWSTATE" value="dDwxOTAwNDM20ODclOzs+" />

You can prevent a control from persisting its values within the viewstate by changing the EnableViewState property
from its default value of True to False:

<ASP:TextBox i1d="MyTextBox" EnableViewState="False" runat="server" />

This is also useful if you use a control such as a <div> to display some kind of status or information value by setting
the InnerText or InnerHtml property in your server-side code. When the page is posted back to the server, the
value is persisted automatically. By changing the EnableViewState property to False, we start with a fresh new
empty <div> (or whichever element you use it with) each time.

Examples of the HTML Server Controls

So that you can appreciate how each of the HTML server controls works, and how the properties we define affect the
output that the control generates, the next few sections show each of the controls in detail, together with some pointers
to be aware of when you use them.

The HtmlGeneric Control

There's not much to say about the HtmlGeneric control, other than this is the only control where the TagName
property is read/write. It is read-only in all other controls. We can use the HtmlGeneric control to create any
container-type HTML element that we need:




Brought to you by mcsd2000

a server Controls Demonstration - Microsoft Internet Explores

Fim Edt VYiew Favortes Tools Help

\hm"*'@mﬁ"ﬁiﬂ:h [ ] Favoribes -'ellhiﬂ ul%‘ag'dg

ﬁ-:l:l"aisl hittp: f flocahost 7035 fserver-controks) .ﬂ 6o ILH“»

HTML Controls
- GenericControl
- Anchor

= Button

- Imzge

= InputBution

- InputCheckBoy
- InputFile

- InputHidden

= Inputlmage

- InputF.adioButton
- InputText

= Select

- Table

- Texwtérea

- Change Event
- Click Event
Form Controls
List Controls
Other Controls

HtmlGenericControl Class  cereric Cortrol Content

<span id="MyControl">Generic Control Content</span>

[T set: Disabled = |False =
¥ Set: Taghame =jsnan

ID = MyContral
I set: vealhh:lTrue ']
Reset Update |

[wviews souree] E2002 Wiox Press - Professional 45P.MET 1.0 Special Edition (ISBN: 1-861007-03-5)

212002 Wrox Press

&] Done [l

| o intermet e

The HTML we use to create the server control in the sourcecode for the page is:

<span id="MyControl" runat="server">Generic Control Content</span>

The HtmlAnchor Control

We saw the HtmlAnchor control in our demonstration application earlier in this chapter. The five attributes that we

generally use with an HTML hyperlink or an HTML anchor are available as properties:
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The HTML we use to create the server control in the sourcecode for the page is:
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<ahref="html anchor.aspx"id="MyControl"runat="server">MyAnchorControl</a>

The HtmlImage Control

When we want to display an image, and be able to interact with this <img>; element on the server, we can use the
HtmlImage control. The screenshot below from the demonstration application, shows most of the properties set to
custom values. You can see that we have changed the image, specified a five pixel wide border for it, set the height and
width, and added a pop-up tool-tip:
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The HTML we use to create the server control in the sourcecode for the page is:

<img id="MyControl" src="BookmarkButton.gif" runat="server" />

The HtmlIForm Control

The HtmlForm control can't be demonstrated in our sample application. However, it can easily be used to create a form
- in fact it is the way we usually do it when building ASP.NET interactive pages:

<form runat="server">
form content defined here

</form>

ASP.NET automatically sets the remaining attributes so that the contents of the form are posted back to the same page.
What is actually generated as output is shown next - notice that the hidden viewstate element is automatically added:

<form name="ctrl0" method="post" action="test.aspx" id="ctrl0">
<input type="hidden" name="_ VIEWSTATE" value="dDwxNTkzNjklMzQ70z4=" />
form content appears here

</form>

We can also use the Htm1Form control to create a form with some of our own specific attributes. For example, in order
to make our demonstration application work properly (due to the need to fetch the page separately with the XMLHTTP
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component to show the content), we need to use the GET method for the form content, rather than POST:

<form method="get" runat="server">

Also, remember that if you use the HtmlInputFile control or a normal <inputtype="file"> element (which we
look at later in the chapter), you must set the enctype attribute yourself to allow files to be uploaded to the server:

<form enctype="multipart/form-data" runat="server">

Other points to look out for are that you cannot set the action attribute of a serverside <form> element (one with a
runat="server" attribute) to post the contents of the form to a different page. It always posts back to the same
page. Also, all HTML form controls and their ASP Web Form equivalent input controls must be placed on a <form>.
Failure to do so results in a compile-time error.

The HtmlIButton Control
The Htm1lButton control creates an HTML element of type <button>...</button>;. This isn't a commonly used

element (it isn't supported in Navigator or Opera), but is actually quite useful if you are targeting Internet Explorer.
Unlike the <input type="button">; element, HtmlButton is a container control, so you can place HTML inside the

element instead of just text.
t?:

Bemove

This means that you can, for example, display an image and text together, and you can even use an animated GIF
image if you like. All the content is rendered on top of a standard button control background, and it 'depresses' just like
a normal button. This is the code we used for this example:

<button id="cmdRemove" accesskey="R" style="font-size:9%9pt" runat="server">
<img id="imgbtnRemove" src="remove.gif"><br /><u>R</u>emove

</button>

Note that, to change the content of an HtmlButton control, you have to set the InnerHtml property or define the
content at design-time within the element. There is no specific property for the 'caption’, 'text’, or 'value'.

In the next screenshot, you can see one of the few properties available for the Htm1Button control in use. In this case,
we have set the Disabled property to True, and you can see how the caption is dimmed to indicate that the button is
disabled:
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The HTML we use to create the server control in the sourcecode for the page is:

<button id="MyControl" runat="server">My HTML Button</button>

155

Remember that the Disabled property, which adds the attribute disabled="disabled" to the element, only has an

effect in Internet Explorer. Most other browsers do not recognize this attribute.

The HtmlInputButton Control

The types of button we normally use in our interactive forms are the <input type="submit">;,

<inputtype="button">;, and <inputtype="reset">; elements. The HtmlInputButton control is used to

create these three elements. The only button-specific property we can set is the Value (the caption). The Disabled
and Visible properties are, of course, inherited from the base class Htm1Control. In the next screenshot, we have

set a variety of values for the three variations of the Htm1Button control:
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The HTML we use to create the server controls in the sourcecode for the page is:

<input id="MySubmit" type="submit" runat="server" />
<input id="MyReset" type="reset" runat="server" />

<input id="MyButton" type="button" runat="server" Value="My Caption" />

The HtmlInputText Control

Probably the most common HTML form control is the textbox, and this is implemented as a server control by the
HtmlInputText control. As usual with the HTML controls, the properties map one-to-one with the attributes of the
<inputtype="text">; element that defines a textbox in the browser. In the following screenshot you can see that
we have set the MaxLength and Size properties:
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The HTML we use to create the server control in the sourcecode for the page is:

<input type="text" id="MyControl" value="My HTML Textbox" runat="server" />

The HtmlInputCheckBox and HtmlInputRadioButton Controls

To create a checkbox or a radio button (or 'option button' as they are sometimes called) we use the HTML server
controls HtmlInputCheckBox and HtmlInputRadioButton. The set of properties, and the way they work, are
pretty much the same for both controls. In the next screenshot we show the HtmlInputRadioButton control:
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The HTML we use to create the controls in the sourcecode for these two pages is:

<input type="radio" id="MyControl" name="MyGroup" runat="server" />

My RadioButton Control

and:

<input type="checkbox" id="MyControl" runat="server" />

My Checkbox Control

Note that the HtmlInputRadioButton control allows you to specify the Name property (or attribute) as a different
value from the ID property (or attribute). This is required to be able to create a mutually exclusive 'option' group of
radio buttons on a form. The other Html Inputxxxx controls do not allow the Name property to be set to a different
value from the ID property.

The HtmiInputImage Control

An easy way to display an image that is 'clickable' is with an <input type="image">; element. It acts like a Submit
button in that, when the button is clicked, the form containing the element is submitted to the server along with the
coordinates of the mouse pointer within the image. Our demonstration page allows you to set all the commonly used
properties for this type of control, including the alignment, border width, alternative text, and image source (from a
selection we have provided), as well as the value:
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The HTML we use to create the server control in the sourcecode for the page is:

<input type="image" id="MyControl" src="BookmarkButton.gif"

runat="server" />

The HtmilInputFile Control

If you need to allow users to upload files to your server, you can use the <input type="file">; element. This is
implemented as a server control by HtmlInputFile. It has a special property just for this purpose, named Accept
(the MIME type of the file to upload). The other properties are the same as for a textbox element. In our demonstration
page, you can see the settings we have made. While the Browse button that the control creates allows you to select a

file, you can't actually upload files with our demonstration application:
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The HTML we use to create the server control in the sourcecode for the page is:

<input type="file" id="MyControl" runat="server" />

The Code To Upload a File



Brought to you by mcsd2000 159

To create a working file upload page, all we need is a form with the correct value for the enctype attribute, an
HtmlInputFile element, and a button to start the process:

<form enctype="multipart/form-data" runat="server">
Select File:
<input type="file" id="MyFileInput" accept="image/*" runat="server" />
<input type="button" id="SubmitButton" value="Upload"
runat="server" onserverclick="UploadFile" />
</form>

<div id="outError" runat="server" />

<script language="VB" runat="server">
Sub UploadFile (objSource As Object, objArgs As EventArgs)
If Not (MyFileInput.PostedFile Is Nothing) Then
Try
MyFileInput.PostedFile.SaveAs ("c:\temp\uploaded.jpg")
Catch objError As Exception
outError.InnerHtml = "Error saving file " & objError.Message
End Try
End If
End Sub
</script>

The <script> section following the form contains the code routine that runs when the user clicks the Upload button. It
checks to see that there is a file by referencing the PostedFile property of the control, and if so saves it to the
server's disk. Any error message is displayed in a <div> control on the page.

Note that you will probably need to change the value of maxRequestLength in the <httpRuntime> element within
the <system.web> section of web.config or machine.config to allow files to be posted to the server. The default

value is 4096 (bytes), and you should change it to accommodate the largest file you wish to accept. See Chapter 13 for
details of the web.config and machine.config configuration files.

The HtmlInputHidden Control

In the days before ASP.NET, we used hidden-type input controls to persist values between pages. In fact, this is
what ASP.NET does behind the scenes to maintain the viewstate of the page, as we have seen previously in this
chapter. However, there are still uses for hidden-type controls in our applications. For example, we can use them to

post values back to a different page on our server, or to store and manipulate values using client-side script within the
page and have these values posted back to the server.

The demonstration page we provide shows how you can set the properties for an HtmlInputHidden control:
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The HTML we use to create the server control in the sourcecode for the page is:

<input type="hidden" id="MyControl" runat="server" />

Notice that the value for the Visible property is True. Don't be confused by this - the Visible property simply
defines whether or not the HTML output generated by the control will actually be included in the output for the page, in
other words in the HTML that the server returns to the client. It doesn't make the control 'visible' or 'hidden'.

If we set the Visible property to False, the control itself will not be part of the page we create. You can try this
yourself, and you will see that the gray area showing the output from the control is then empty. This feature allows us
to dynamically hide and display controls as required.

The HtmlSelect Control

HTML defines only one way to create list box controls; the HTML <select> element. This is implemented as the server
control named HtmlSelect. Our demonstration page uses data binding to create the list of options for the control,
using a pre-populated HashTable object as the DataSource:

Dim tabValues As New HashTable (5)
tabValues.Add ("Microsoft", 49.56)
tabValues.Add ("Sun", 28.33)
tabValues.Add ("IBM", 55)
tabValues.Add ("Compaqg", 20.74)
tabValues.Add ("Oracle", 41.1)
MyControl.DataSource = tabValues

MyControl.DataBind ()

You will see more about data binding in Chapter 7. In the meantime, you can experiment with the results here. A
HashTable is similar to the Dictionary object found in ASP 3.0, with each value (in our case, the numbers) being
identified by a key (in our case, the company names). The demonstration page allows you to set the DataTextField
and DataValueField properties, which specify whether the property value should come from the Key or the Value in
the HashTable. To see the effect that this has on the list, try swapping the values over in the page:
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The HTML we use to create the server control in the sourcecode for the page is:

<select id="MyControl" runat="server" />

The HashTable is very useful in this scenario, as it allows the options in the list to use some readable text, while the
actual values that are submitted to the server can be different. An example would be the use of part humbers for the
values, with the text of each option showing the part name or description.

Creating List Content with ListItem Objects

Instead of populating the list using data binding, we can just use <option> elements in the traditional way:

<select id="MyControl" runat="server">

<option value="valuel">Option 1 Text</option>
<option value="value2">Option 2 Text</option>
<option value="value3">Option 3 Text</option>
</select>

Note that we haven't marked the <option> elements as runat="server". There is no need, as they will
automatically be converted into ListItem objects when the page is compiled.

A ListItem object is not actually a server control, though it is part of the same namespace as the ASP.NET Web Form

controls classes (which we will look at in more detail in the next chapter). In the meantime, it is enough to know that
this object exposes three useful properties:

Property ||Description

Sets or returns a Boolean value indicating if this item is selected in the list. Useful for iterating through the
Selected||list when the control allows multiple selections to be made by clicking while holding down the Shift and
Ctrl keys.

|Text “Sets or returns the text that is displayed in the list control for this item. |

|Value ”Sets or returns the value that is returned when this item in the list is selected. |
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To create a multiple-selection list, just change the Multiple and Size properties in the demonstration page and click
Update. In our example, even after doing so, you can still only select a single item using the input control for the
SelectedIndex property, but the demonstration control at the top of the page then works as a multiple-selection list:
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We will look at how we use the ListItem object in a list control to extract the list of selected items shortly, when we
examine how we work with the events that the HTML controls raise.

The HtmlITextArea Control

When we need to display a multi-line textbox in a web page, we use the <textarea>; element. This is implemented
by the server control named HtmlTextArea. It has the specific properties required to set the number of rows and
columns in the control, as well as the value. Notice that, in this case, the value is actually the content rather than an
attribute - the text that lies between the opening and closing <textarea>; tags:
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The HTML we use to create the server control in the sourcecode for the page is:

<textarea i1d="MyControl" runat="server">My TextArea Control</textarea>

The HtmlITable, HtmiTableRow, HtmITableCell Controls

The final HTML control we are looking at here is actually a combination of several controls. We can create tables
dynamically on the server, and save ourselves a lot of hand coding, using an Htm1lTable server control and the
associated Htm1lTableRow and HtmlTableCell controls. Our demonstration page shows how we can build tables with
the specified number of rows and columns, and then populate the cells on demand. The page also allows you to
experiment with some of the other common properties of the Htm1Table control. For example, changing the alignment
of the table within the page, the spacing and padding of the cells, the height, width, and border styles, and so on:

a‘il:'r'-'l:r Cantrils Deanstration - Microsoft Taterel Eaplores - .-J.U.'Iil
File t 1
Edb  ew Fw.u_r g5 Took  Help . -I
sk - =« B [F 3| Dsewch [ajFovertes Svedn (F | D 3D
addeess | bl Aocalbos 70 ey er-corir ol 3 E'En ks * |
HIML Controls
- GenericConlie HtmITakle Centrol
anchor
- Bution
- [I'HEI’F “<rable 1d="NyCorceol™ allign="Righc®™ RIOCO RO
- [FputButon bgeolor="lightyellom” border="2" bordercolor=Tgreean™
IrputCheckBox c=llpadding="3% height="100" width="200%>
F L--;:uu-_-a LEEE RLCO RIC1
- [MpulHickien LTE>POCOC T
- putlrmags Td>AOCL€/ £
- INputF.adioduton itrs
- [mputTemt £Lr>
- Sl STA>RLC0</ T
Tahle LrdsRlfl</ods
- Texbarea <ftre
- Charge Evert <frakles
- Click Ewent
Form Contraols
List Controls
Oitheer Combrols
—_— MNurber af Rowe = |2 husrber of Columns = IE
02 Wit Prezz ¥ cet: Al = [Right - M osen Bglokr = [ihtrekw
F car narder =2 E W Sst; BorderCokr = |green
F cet: ColPaddig=F  po M cen CalBpacng =[1
F cat: Helgt = illll:l ] 1D = MyCorral
C =ar 'l.-'i:Eli!:i'I.u! "'i W =ern Width = (200 px
Reset _Updine |
[ poarma] RIZ00Z Yoo Fress - Frofessiong a50NET 10 Soacidl Sdbon (I58M: 1-361007-05-5)
& [ @ 7




Brought to you by mcsd2000 164

While we have only shown the properties for the Htm1Table control in our demonstration page, we can also use very
similar sets of properties for the HtmlTableRow and HtmlTableCell controls. For the HtmlTableRow control, the
commonly used properties are Align, BgColor, Border, BorderColor, Height, and VAlign. For the

HtmlTableCell control, they are Align, BgColor, Border, BorderColor, ColSpan, Height, NoWrap, RowSpan,
VAlign, and Width.

The Code to Create a Table

To create a table dynamically using the Htm1lTable, HtmlTableRow, and HtmlTableCell server controls, we first
add an HtmlTable control to the page like this:

<table id="MyControl" runat="server" />

Then, we have to create each cell in turn and add it to a row, then add the row to the table. In our demonstration page,
we use the following code:

'get values for number of rows and columns from drop-down lists
Dim intRows As Integer = selRows.Value
Dim intCols As Integer = selCols.Value
'declare the local variables we'll need
Dim intRowCount, intColCount As Integer
'declare variables to hold an HtmlTableRow and HtmlTableCell
Dim objRow As HtmlTableRow
Dim objCell As HtmlTableCell
'loop for the number of rows required
For intRowCount = 0 To intRows - 1
'create a new row control
objRow = New HtmlTableRow ()
'loop for the number of columns required
For intColCount = 0 To intCols - 1
'create a new table cell control and set the content
objCell = New HtmlTableCell ()
objCell.InnerHtml = "R" & intRowCount & "C" & intColCount
'add each cell to the new row
objRow.Cells.Add (objCell)
Next
'add the new row to the table
MyControl.Rows.Add (objRow)

Next 'go to the next row

Reacting to the ServerClick and ServerChange Events

Our examples so far have shown how we can change the appearance and behavior of the HTML controls by setting
properties. However, we also interact with them by responding to the events that they raise. There are two events we
can use, ServerClick and ServerChange. We will look at each one in turn.

Handling the ServerClick Event

The ServerClick event occurs for the HtmlAnchor, HtmlButton, HtmlInputButton, and HtmlInputImage

controls. Our demonstration page shows the latter three of these controls, which is where we normally use this event.
As you click a button, a message indicating that the event occurred is displayed:
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As you can see, for the image button, we can also get extra information - the x and y coordinates of the mouse pointer
within the image. This could be used to create a serverside image map - code could easily examine the coordinates and
take different actions, depending on which area of the image was clicked.

The code we use in this page defines a form and the three button controls. Notice that the onserverclick attribute is
set to one of two event handlers - MyCode or MyImageCode:

<form runat="server">

<input id="MyButton" type="button" value="My Button"
onserverclick="MyCode" runat="server" />

<input id="MySubmitButton" type="submit" value="My Submit Button"
onserverclick="MyCode" runat="server" />

<input id="MyImageButton" type="image" src="ClickmeButton.gif"
onserverclick="MyImageCode" runat="server" />

</form>

The page also contains a <div> element where we will display the messages about the events. Notice that we have
disabled viewstate for this control so that the message will not be persisted

across postbacks:

<div id="divResult" runat="server" enableviewstate="false" />

The two event handlers are shown next. Each receives two parameters when the event occurs. The first parameter is a
reference to the object that raised the event (one of our button controls) from which we can get the ID of the source of
the event.

The second parameter is an Args object that contains more information about the event. In the case of the
HtmlInputButton the second parameter is an EventArgs object, which contains no extra useful information.
However, for the HtmlInputImage control, the object is an ImageClickEventArgs object, and this includes the two
fields X and Y that contain the coordinates of the mouse pointer when the event was raised:

<script runat="server">
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Sub MyCode (objSender As Object, objArgs As EventArgs)
divResult.InnerHtml += "ServerClick event detected in control '"
& objSender.ID & "'<br />"
End Sub
Sub MyImageCode (objSender As Object, objArgs As ImageClickEventArgs)
divResult.InnerHtml += "ServerClick event detected in control '"
& objSender.ID & "' at X=" & objArgs.X
& " Y=" & objArgs.Y & "<br />"
End Sub

</script>

Handling the ServerChange Event

The ServerClick event seems reasonably intuitive to use - when a button is clicked the form is posted back to the
server and the event can be handled in our serverside code. What about the ServerChange event though? This occurs
for controls that don't automatically submit the form they are on, for example HtmlInputText,
HtmlInputCheckBox, HtmlInputRadioButton, HtmlInputHidden, HtmlTextArea, and HtmlSelect. So, how
(and when) can our serverbased code react to the event?

In fact, the event is very useful because it is raised when the page is submitted by any other control, and occurs for
every control where the value has changed since the page was loaded (sent to the client). Our demonstration page
shows this. It contains three different types of control that expose the ServerChange event, and a Submit button that
simply submits the form to the server:
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You can see that we detected three ServerChange events, and they occur in the order that the controls appear in the

source of the page. You can also see that we are displaying the values from the option that is selected in the
HtmlSelect control (the values for the SelectedIndex start at zero).

The declarative page syntax (the HTML source) to create the form and the server controls is shown next. You can see
that the onserverchange attributes point to two event handlers in our page, named MyCode and MyListCode.
Notice also that, in this case, the Submit button is not a server control - we haven't included the runat="server"
attribute in the <inputtype="submit"> element. We don't need to access the control on our server, we just want it
to submit the form:
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<form runat="server">
<input id="MyText" type="text" value="OriginalValue"
onserverchange="MyCode" runat="server" />
<select id="MyListBox" onserverchange="MyListCode" runat="server">
<option value="Value 1">Option 1</option>
<option value="Value 2">Option 2</option>
<option value="Value 3">Option 3</option>
</select>
<input id="MyCheckBox" type="checkbox"
onserverchange="MyCode" runat="server" />
<input type="submit" value="Submit" />
</form>
<div id="divResult" runat="server" enableviewstate="false" />

The event handler named MyCode is almost identical to the previous ServerClick event example, simply displaying
the event name and the ID of the control that raised the event:

<script runat="server">
Sub MyCode (objSender As Object, objArgs As EventArgs)
divResult.InnerHtml += "ServerChange event detected for control '"
& objSender.ID & "'<br />"

End Sub

However, the MyListCode event handler needs to extract the selected value from the drop-down list created by our
HtmlSelect control. We will see how it does this in the next section.

Getting the Selected Values from HtmlSelect List Controls

We have seen how the server control that creates list boxes or drop-down lists is made up of an HtmlSelect control
that contains child ListItem elements. The ServerClick event handler demonstration page we have just been
looking at uses code similar to the following to create a list control:

<select id="MyListBox" onserverchange="MyListCode" runat="server">
<option value="Value 1">Option 1</option>
<option value="Value 2">Option 2</option>
<option value="Value 3">Option 3</option>
<option value="Value 4">Option 4</option>
<option value="Value 5">Option 5</option>
</select>

The simplest way to get the 'value' of the currently selected item is to query the Value property of the list control:

strValue = MyListBox.Value

However, this may not return what we need. As with the normal HTML <select> list, the Value of the control returns
the content of the value attribute for the currently selected item, or for the first selected item (the one with the lowest
index) if there is more than one item selected. If there are no value attributes in the <option> elements, it returns the
content of the first selected <option> element instead - in other words, the text that is displayed in the list.

However, it is usually better to be more specific and extract the values we actually want, and we have to do this if we
want to get both the content of the value attribute and the text content. To extract the values from the ListItem
objects for each <option> element, we use the Items collection of the parent control (the HtmlSelect control). The
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SelectedIndex property of the HtmlSelect control returns the index of the first item that is selected in the list, so
we can extract the text and value of that item using:

strText = MyListBox.Items (MyListBox.SelectedIndex) .Text
strValue = MyListBox.Items (MyListBox.SelectedIndex) .Value

So, in our event handler named MyListCode, we first get the ID of the HtmlSelect control that raised the event and
then we can extract the text and value of the selected list item:

Sub MyListCode (objSender As Object, objArgs As EventArgs)
divResult.InnerHtml += "ServerChange event detected for control '"
& objSender.ID & "'<br />SelectedIndex is '" _
& objSender.SelectedIndex _
& "', selected item text is '" _
& objSender.Items (objSender.SelectedIndex) .Text
& "', selected item value is '" _
& objSender.Items (objSender.SelectedIndex) .Value
End Sub

</script>

Getting Multiple Selected Values from List Controls

The technique just described is fine if the list control only allows one item to be selected. That is, in terms of the
HtmlSelect control, the Multiple property is False. However, if it is True, users can select more than one item in
the list by holding the Shift or Ctrl keys while clicking. In this case, the SelectedIndex and SelectedItem
properties only return the first item that is selected (the one with the lowest index).

To detect which items are selected in a multi-selection list (none, one, or more), we query the Selected property of
each ListItem object within the list. Probably the easiest way is to use a For Each. . .Next construct. In the
following code, the event handler creates a String variable to hold the result and a variable of type ListItem to hold
each item in the list as we iterate through it:

Sub MyListCode (objSender As Object, objArgs As EventArgs)
Dim strResult As String
strResult = "The following items were selected:<br />"
Dim objItem As ListItem
For Each objItem in objSender.Items
If objItem.Selected Then
strResult += objItem.Text & " = " & objItem.Value & "<br />"
End If
Next
divResult.InnerHtml = strResult
End Sub

In the For Each. . .Next loop, we reference each member of the Items collection for the list control in turn. If it is
selected, we add the Text and Value properties to the results string. After examining all the items in the list we can
display the results string in a <div>; control. The screenshot overleaf shows the result.

]

The ASP.NET Input Validation Controls
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One of the most tiresome tasks when building interactive web forms is the requirement for validating values that the
user enters into input controls. This is particularly the case if we need to perform clientside validation as well as
validating the values on the server when the page is submitted. For maximum browser compatibility, we should be
writing the clientside code in JavaScript, which is often more errorprone unless you are well practiced with this
language. It is also often a long-winded and repetitive task.

Help is at hand with the range of validation controls that are included in ASP.NET. They cover almost all the common
validation scenarios, and there is even a custom validation control that we can use to integrate our own specific non-
standard validation requirements into the overall process. The available controls are:

Validation Control ||Description

Checks that the validated control contains a value. It cannot be empty. Can be

<asp:RequiredFieldvValidator> ) . ) ; ;
used in conjunction with other validators on a control to trap empty values.

Checks that the value in the validated control is within a specified text or

< :R Validator>
asp:Rangevasidator numeric range. If the validated control is empty, no validation takes place.

Table continued on following page

Validation Control ||Description

Checks that the value in the validated control matches the value in
another control or a specific value. The data type and comparison
operation can be specified. If the validated control is empty, no validation
takes place.

<asp:CompareValidator>

Checks that the value in the validated control matches a specified regular

<asp:RegularExpressionValidator>
P g P expression. If the validated control is empty, no validation takes place.

Performs userdefined validation on an input control using a specified
<asp:CustomValidator> function (clientside, serverside or both). If the validated control is empty,
no validation takes place.

|<asp:ValidationSummary> ||Disp|ays a summary of all current validation errors.

What the Input Validation Controls do

The principle is that we associate one or more validation controls with each of the input controls we want to validate.
When a user submits the page, each validation control checks the value in its associated control to see if it passes the
validation test. If any fail the test, the ValidationSummary control will display the error messages defined for these
validation controls.

The validation controls also automatically detect the browser or client device type, and will generate client-side
validation code in the page for Internet Explorer 5 and above (in future versions, they will probably support other
browsers as well). This clientside code uses Dynamic HTML to display the content of the validation control (the text or
characters between the opening and closing tags of the validation control) in the page dynamically, as the user tabs
from one control to the next. It also prevents the page from being submitted if any of the validation tests fail. This gives
a far more responsive interface, much like traditional handcrafted client-side validation code can do. You can see an
example of this in the demonstration application we provide, under the subsection Other Controls in the left-hand pane.

Protecting Against Spoofed Values

The validation controls also help to protect against malicious use of our pages. Client-side validation is great, but users
could create their own pages (or edit the page we deliver to them) so that client-side validation does not take place. In
this case, they could possibly 'spoof' our server by submitting invalid values. However, even if the validation controls
are performing client-side validation, they always perform the same checks server-side as well when the page is
submitted, so we get the best of both worlds automatically.

We can turn off client-side validation if we don't need it, and we can also check the result for each validation control
individually when the page is submitted. This allows us to create custom error messages rather than using the
ValidationSummary control if preferred. We can also specify that particular Submit buttons or controls will not cause

validation to occur (as we will see later in this chapter). This allows us to include a Cancel button in a page that allows
the user to abandon the page without having to fill in valid values for the controls.

The BaseValidator Class

All of the validation controls inherit from the base class BaseValidator, which is part of the class library namespace
System.Web.UI.WebControls. The BaseValidator class exposes a series of properties and methods that are
common to all the validation controls. The most commonly used ones are:

||Member ||Description ||
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ControlToValidat . L .
ontrofiovaticate Sets or returns the name of the input control containing the value to be validated

property

EnableClientScript Sets or returns a Boolean value indicating whether clientside validation is enabled

property where the client supports this

Enabled property ||Sets or returns a Boolean value indicating if validation will be carried out

Sets or returns the text of the error message that is displayed by the

ErrorMessage property ValidationSummary control when validation fails

Returns a Boolean value indicating if the value in the associated input control passed

IsValid
svalid property the validation test

|Validate method ||Performs validation on the associated input control and updates the IsValid property

The Specific Validation Control Members

Each of the validation controls also has properties and methods (and in one case an event) that are specific to that
control type:

|Contro| ||Properties ||Events |
|RequiredFieldValidator”InitialValue ”-none-
|RangeValidator ”MaximumValue,MinimumValue,Type ”-none-|
|CompareValidator ”ControlToCompare,Operator,Type,ValueToCompare”-none-

Table continued on following page

|Contro| ||Properties ||Events |
|RegularExpressionValidator”ValidationExpression ”-none- |
|CustomValidator ”ClientValidationFunction ”OnServerValidate

DisplayMode, ShowHeaderText, ShowMessageBox,

ShowSummary - none -

ValidationSummary

Most are self-explanatory, though we will look at all the validation controls in the next section and see how these
properties and the single event are used.

Using the Validation Controls

The demonstration application we provide includes a page that you can use to experiment with the validation controls
(open the Other Controls section of the left-hand menu). The page contains several textboxes where you have to enter
specific values in order for validation to be successful. If you enter invalid values and then click the Submit button, a
summary of all the errors is displayed:
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Notice also that there is an asterisk next to each control where validation failed. If you are using Internet Explorer 5 or
above, these asterisks appear after you tab from the control to the next one without requiring the page to be

submitted. In other browsers, they only appear when the page is submitted. Once you enter valid values for all the

controls and click Submit, a message is displayed showing that validation at Page level succeeded:
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We will examine each of the validation controls we use in this demonstration page next, and then move on to look at
other issues such as checking if the complete page is valid during postback, and enabling and disabling client-side and

server-side validation.

The RequiredFieldValidator Control

The first textbox requires a value to be entered before validation can succeed. The sourcecode we use for this is:
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A Required Value:
<input type="text" id="txtRequired" size="20" runat="server" />
<asp:RequiredFieldValidator id="valRequired" runat="server"
ControlToValidate="txtRequired"
ErrorMessage="* You must enter a value in the first textbox"
Display="dynamic">
*
</asp:RequiredFieldvalidator>

We have specified the <input> control named txtRequired as the control to be validated, and an error message that
will be displayed by the ValidationSummary control if validation fails when the user attempts to submit the page. An
asterisk character is used as the content of the control. Any text placed here will be displayed in the output (at the point
where the validation control is actually located in the page) to indicate to the user that the associated control contains
an invalid value. We can change the color of this text from the default of red using the ForeColor attribute if required.

The value of the Display property determines if the text content of the validation control will take up space in the
page even when not displayed (that is, whether it will be set to hidden but still inserted into the page, or just omitted
from the page when not required). This means that we can control the layout of, for example, a table by setting the
attribute Display="static" to prevent the width of the column containing the validation control from changing when
the 'error' characters are displayed.

The CompareValidator Control

The second textbox requires the same value as the first one in order to pass the validation test. The code we use for
this control and its associated validation control is:

The Same Value Again:
<input type="text" id="txtCompare" size="20" runat="server" />
<asp:CompareValidator id="valCompare" runat="server"
ControlToValidate="txtCompare"
ControlToCompare="txtRequired"
Operator="Equal"
ErrorMessage="* You must enter same value in the second textbox"
Display="dynamic">
*
</asp:CompareValidator>

In this case, we set the ControlToCompare property to the name of the first textbox, which contains the value we

want to compare this textbox value with. We also get to specify the type of comparison (Equal, GreaterThan,
LessThanOrEqual, and so forth).

Remember that only the RequiredFieldValidator returns an invalid result when a text control on the page is left
empty. This is intentional, and you have to associate a RequiredFieldValidator and any other specific validation
controls you require if you don't want the user to be able to submit empty values.

The third textbox in the demonstration page also uses a CompareValidator control, but this time we are using it in a

different way. We are comparing the value in this textbox to a fixed value, and using a comparison based on a date
instead of the default String type (as returned by a textbox control):

A Date after 3rd March 2001:

<input type="text" id="txtCompareDate" size="10" runat="server" />

<asp:CompareValidator id="valCompareDate" runat="server"
ControlToValidate="txtCompareDate"

ValueToCompare="3/3/2001"
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Operator="GreaterThan"
Type="Date"
ErrorMessage="* The Date must be later than 3rd March 2001"
Display="dynamic">
*
</asp:CompareValidator>

We specify the fixed value in the ValueToCompare property, an Operator for the comparison, and the Type of

comparison. This is simply the data type of the value we are comparing to (that is the data type of the fixed value), and
can be one of Currency, Double, Date, Integer, or String.

The RangeValidator Control

The fourth textbox requires a value that is between two specified values. We use the RangeValidator here, and
indicate the MaximumValue and MinumumValue in the respective properties. We also specify the Type of comparison
to use when validating the content of the associated control:

A Number between 1 and 10:
<input type="text" id="txtRange" size="5" runat="server" />
<asp:RangeValidator id="valRange" runat="server"
ControlToValidate="txtRange"
MaximumValue="10"
MinimumValue="1"
Type="Integer"
ErrorMessage="* The Number must between 1 and 10"
Display="dynamic">

*

</asp:RangeValidator>

The RegularExpressionValidator Control

When we want to validate complex text values, we can use a RegularExpressionValidator control. The fifth

textbox on our demonstration page uses this control to force the entry of a valid e-mail address. An appropriate regular
expression is provided for the ValidationExpression property:

Match Expression "<b>.*@.*\..*</b>":
<input type="text" id="txtRegExpr" size="40" runat="server" />
<asp:RegularExpressionValidator id="valRegExpr" runat="server"
ControlToValidate="txtRegExpr"
ValidationExpression=".*@. *\ ., *"
ErrorMessage="* Your entry does not match the regular expression"
Display="dynamic">

*

</asp:RegularExpressionValidator>

The CustomValidator Control

For those occasions when the validation we need to perform is too complex for any of the standard validation controls,
we can use a CustomValidator control. The final textbox in the page, which in fact has two validation controls
associated with it, demonstrates this. We use a CompareValidator to ensure that a value greater than 100 has been
entered, and a CustomvValidator to validate the value itself:
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A Prime Number over 100:

<input type="text" id="txtCustom" size="5"

<asp:CompareValidator id="valComparePrime"
ControlToValidate="txtCustom"
ValueToCompare="100"
Operator="GreaterThan"

Type="Integer"

/>

runat="server"

runat="server"

ErrorMessage="* The Prime Number must be greater than 100"

Display="dynamic">

*

</asp:CompareValidator>

<asp:CustomValidator id="valCustom" runat="server"

ControlToValidate="txtCustom"

ClientValidationFunction="ClientValidate"

OnServerValidate="ServerValidate"

ErrorMessage="* Your knowledge of prime numbers is not optimal"

Display="dynamic">

*

</asp:CustomValidator>

The Custom Validation Functions

The CustomValidator control provides two properties named ClientValidationFunction and

OnServerValidate, where we specify the names of custom functions we create (and include within the page) to
validate the value. The ClientValidationFunction is usually written in JavaScript for maximum compatibility, as it
must be included in the page we send to the browser so that the validation can be carried out on the client-side. In our

example page we used the following code:

<script language="JavaScript">

<l--

// client-side validation function for CustomValidator

function ClientValidate (objSource, objArgs)

var blnValid = true;
var intNumber = objArgs.Value;

if (intNumber % 2

== 1) {

var intDivisor =

if (intDivisor > 2) {
for (var 1 = 3; 1 <= intDivisor; 1 =
if (intNumber % intDivisor == 0) {
blnvalid = false;
break;

else

{

Math.floor (intNumber / 3);

i+ 2) {

174
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blnValid = false;
}
else
blnvalid = false;
objArgs.IsValid = blnValid;
return;
}
//==>

</script>

Notice how the validation control supplies a reference to itself (objSource) and an object containing the arguments for
the function call (objArgs). We get the value of the associated control from the Value field of objArgs, and we set
the IsValid field of objArgs to indicate whether our custom validation succeeded or not.

For server-side validation, we use the same logic. However, as our page is written in VB.NET, we have to use VB.NET to
create the server-side validation function as well (in the current version of ASP.NET there can only be one language
server-side per page). In this case, our function receives as parameters a reference to the validation control and a
ServerValidateEventArgs object that contains the value of the associated control as its Value property:

Sub ServerValidate (objSource As Object, objArgs As ServerValidateEventArgs)
Dim blnValid As Boolean = True
Try
Dim intNumber As Integer = objArgs.Value
'check that it's an odd number
If intNumber Mod 2 = 1 Then
'get the largest possible divisor
Dim intDivisor As Integer = intNumber \ 3
If intDivisor > 2 Then
Dim intLoop As Integer
'check using each divisor in turn
For intLoop = 3 To intDivisor Step 2
If intNumber Mod intDivisor = 0 Then
blnvValid = False
Exit For
End If
N