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Joreword

There are two kinds of pianists.

There are some pianists who play not because they enjoy it, but because their par-
ents force them to take lessons. Then there are those who play the piano because it
pleases them to create music. They don’t need to be forced; on the contrary, they
sometimes don’t know when to stop.

Of the latter kind, there are some who play the piano as a hobby. Then there are
those who play for a living. That requires a whole new level of dedication, skill, and tal-
ent. They may have some degree of freedom about what genre of music they play and
the stylistic choices they make in playing it, but fundamentally those choices are
driven by the needs of the employer or the tastes of the audience.

Of the latter kind, there are some who do it primarily for the money. Then there
are those professionals who would want to play the piano in public even if they weren’t
being paid. They enjoy using their skills and talents to make music for others. That
they can have fun and get paid for it is so much the better.

Of the latter kind, there are some who are self-taught, who “play by ear,” who
might have great talent and ability but cannot communicate that intuitive understand-
ing to others except through the music itself. Then there are those who have formal
training in both theory and practice. They can explain what techniques the composer
used to achieve the intended emotional effect, and use that knowledge to shape their
interpretation of the piece.

Of the latter kind, there are some who have never looked inside their pianos. Then
there are those who are fascinated by the clever escapements that lift the damper felts
a fraction of a second before the hammers strike the strings. They own key levelers
and capstan wrenches. They take delight and pride in being able to understand the
mechanisms of an instrument that has five to ten thousand moving parts.

xvii
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Of the latter kind, there are some who are content to master their craft and exer-
cise their talents for the pleasure and profit it brings. Then there are those who are
not just artists, theorists, and technicians; somehow they find the time to pass that
knowledge on to others as mentors.

I have no idea if Jon Skeet is any kind of pianist. But from my email conversations
with him as one of the G# team’s Most Valuable Professionals over the years, from
reading his blog and from reading every word of this book at least three times, it has
become clear to me that Jon is that latter kind of software developer: enthusiastic,
knowledgeable, talented, curious and analytical—a teacher of others.

Ci# is a highly pragmatic and rapidly evolving language. Through the addition of
query comprehensions, richer type inference, a compact syntax for anonymous func-
tions, and so on, I hope that we have enabled a whole new style of programming while
still staying true to the statically typed, component-oriented approach that has made
G# a success.

Many of these new stylistic elements have the paradoxical quality of feeling very
old (lambda expressions go back to the foundations of computer science in the first
half of the twentieth century) and yet at the same time feeling new and unfamiliar to
developers used to a more modern object-oriented approach.

Jon gets all that. This book is ideal for professional developers who have a need to
understand the “what” and “how” of the latest revision to C#. But it is also for those
developers whose understanding is enriched by exploring the “why” of the language’s
design principles.

Being able to take advantage of all that new power will require new ways of think-
ing about data, functions, and the relationship between them. It’s not unlike trying to
play jazz after years of classical training—or vice versa. Either way, I am looking for-
ward to finding out what sorts of functional compositions the next generation of C#
programmers come up with. Happy composing, and thanks for choosing the key of
Gi# to do itin.

ERIC LIPPERT
Senior Software Engineer, Microsoft



preface

I have a sneaking suspicion that many authors have pretty much stumbled into writing
books. That’s certainly true in my case. I've been writing about Java and C# on the
Web and in newsgroups for a long time, but the leap from that to the printed page is
quite a large one. From my perspective, it’s been an “anti-Lemony Snicket”—a series
of fortunate events.

I’'ve been reviewing books for various publishers, including Manning, for a while. In
April 2006 I asked whether it would be OK to write a blog entry on a book that looked
particularly promising: PowerShell in Action. In the course of the ensuing conversation,
I somehow managed to end up on the author team for Groovy in Action. I owe a huge
debt of thanks to my wife for even allowing me to agree to this—which makes her
sound like a control freak until you understand we were expecting twins at the time,
and she had just gone into the hospital. It wasn’t an ideal time to take on extra work,
but Holly was as supportive as she’s always been.

Contributing to the Groovy book took a lot of hard work, but the writing bug
firmly hit me during the process. When talking with the principal author, Dierk
Koénig, I realized that I wanted to take on that role myself one day. So, when I heard
later that Manning was interested in publishing a book about C#3, I started writing a
proposal right away.

My relationship with G# itself goes further back. I started using it in 2002, and
have kept up with it ever since. I haven’t been using it professionally for all that
time—I’ve been flitting back and forth between C# and Java, depending on what my
employers wanted for the projects I was working on. However, I've never let my inter-
est in it drop, posting on the newsgroups and developing code at home. Although I
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didn’t start using C#2 until Visual Studio 2005 was close to release, I've tracked C#3
more closely.

While watching the gradual emergence of G#3, I've also been watching the devel-
oper reaction to C#2—and I think people are missing out. The adoption rate of C#2
has been quite slow for various reasons, but where it is being used, I believe its full
potential isn’t being realized. I want to fix that.

The proposal I made to Manning was narrow in focus, but deep in scope. My mis-
sion is a simple one: to take existing C#1 developers and turn them into confident
and competent CG#2 and 3 developers who understand the language at a deep level. At
the time of this writing, I don’t know of any other books that have a similar explicit
aim. I'm immensely grateful to Manning for allowing me to write the book I really
wanted to, without interfering and forcing it down a more conventional path. At the
same time, the folks at Manning expertly guided the book and made it much more
useful than it would have been otherwise.

I tried to write the book that /would want to read when learning C#2 and 3. To that
extent, I think I've succeeded. Whether that means it’s a book that anyone else will want
to read remains to be seen—but if you, the reader, have even a fraction of the enjoy-
ment when reading it that I’ve had writing it, you’re in for a good time.
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about this book

This is a book about C#2 and 3—it’s as simple as that. I barely cover G#1, and only cover
the .NET Framework libraries and Common Language Runtime (CLR) when they’re
related to the language. This is a deliberate decision, and the result is quite a different
book from most of the CG# and .NET books I've seen.

By assuming a reasonable amount of knowledge of C#1, I avoided spending hun-
dreds of pages covering material that I think most people already understand. That
gave me much more room to expand on the details of C#2 and 3, which is what I hope
you’re reading the book for.

I believe that many developers would be less frustrated with their work if they had
a deeper connection with the language they’re writing in. I know it sounds geeky in the
extreme to talk about having a “relationship” with a programming language, but that’s
the best way I can describe it. This book is my attempt to help you achieve that sort of
understanding, or deepen it further. It won’t be enough on its own—it should be a
companion to your coding, guiding you and suggesting some interesting avenues to
explore, as well as explaining why your code behaves the way it does.

Who should read this book?

During the course of the multiple rounds of reviewing this book underwent as I was
writing it, one comment worried me more than most: “This is a book for C# experts.”
That was never the intention, and I hope that (partly thanks to that honest feedback)
it’s not an accurate reflection of who will get the most out of this book.

I don’t particularly want to write for experts. Aside from anything else, I've got less
to offer experts than I have “intermediate” developers. I want to write for people who

i



XXiv

ABOUT THIS BOOK

want to become experts. That’s what this book is about. If you feel passionately about
computing, but happen not to have studied C#2 or 3 in much detail, this book is
aimed squarely at you. If you want to immerse yourself in C# until it’s part of your
bloodstream, then I'd feel honored to be the one to push you under. If you feel frus-
trated when you arrive at working code, but don’t quite know why it works, I want to
help you to understand.

Having said all that, this book is not meant for complete beginners. If you haven’t
used C#1 before, you’ll find this book very hard work. That doesn’t mean it won’t be
useful to you—but please go and find a book (or at least a tutorial) on C#1 before you
go much further. The first chapter will tease you with the joys of C#2 and 3, but you
won’t be able to appreciate them if you’re worrying about how variables are declared
and where the semicolons go.

I'm not going to claim that reading this book will make you a fabulous coder.
There’s so much more to software engineering than knowing the syntax of the lan-
guage you happen to be using. I give some words of guidance here and there, but ulti-
mately there’s a lot more gut instinct in development than most of us would like to
admit. What I will claim is that if you read and understand this book, you should feel
comfortable with C#2 and 3, and free to follow your instincts without too much appre-
hension. It’s not about being able to write code that no one else will understand
because it uses unknown corners of the language: it’s about being confident that you
know the options available to you, and know which path the C# idioms are encourag-
ing you to follow.

Roadmap

The book’s structure is simple. There are three parts and a single appendix. The first
part serves as an introduction, including a refresher on topics in G#1 that are impor-
tant for understanding C#2 and 3, and that are often misunderstood. The second part
covers the new features in C#2. The third part covers the new features in C#3.

There are occasions where organizing the material this way means we come back
to a topic a couple of times—in particular delegates are improved in C#2 and then
again in G#3—but there is method in my madness. I anticipate that a number of read-
ers will initially only be using C#2 for the bulk of their professional work, but with an
interest in learning C#3 for new projects and hobbies. That means that it is useful to
clarify what is in which version. It also provides a feeling of context and evolution—it
shows how the language has developed over time.

Chapter 1 sets the scene by taking a simple piece of C#1 code and evolving it, see-
ing how G#2 and 3 allow the source to become more readable and powerful. We look
at the historical context in which G# has grown, and the technical context in which it
operates as part of a complete platform: C# as a language builds on framework librar-
ies and a powerful runtime to turn abstraction into reality.

Chapter 2 looks back at G#1, and three specific aspects: delegates, the type system
characteristics, and the differences between value types and reference types. These
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topics are often understood “just well enough” by C#1 developers, but C#2 and 3
develop them significantly, so a solid grounding is required in order to make the most
of the new features.

Chapter 3 tackles the biggest feature of C#2, and potentially the hardest to grasp:
generics. Methods and types can be written generically, with type parameters standing
in for real types which are specified in the calling code. Initially it’s as confusing as this
description makes it sound, but once you understand generics you’ll wonder how you
survived without them.

If you’ve ever wanted to represent a null integer, chapter 4 is for you. It introduces
nullable types, a feature built on generics and taking advantage of support in the lan-
guage, runtime, and framework.

Chapter 5 shows the improvements to delegates in C#2. You may have only used
delegates for handling events such as button clicks before now. C#2 makes it easier to
create delegates, and library support makes them more useful for situations other
than events.

In chapter 6 we examine iterators, and the easy way to implement them in C#2.
Few developers use iterator blocks, but as LINQ to Objects is built on iterators, they
will become more and more important. The lazy nature of their execution is also a key
part of LINQ.

Chapter 7 shows a number of smaller features introduced in C#2, each making life
a little more pleasant. The language designers have smoothed over a few rough places
in C#1, allowing more flexible interaction with code generators, better support for
utility classes, more granular access to properties, and more.

Chapter 8 once again looks at a few relatively simple features—but this time in
C#3. Almost all the new syntax is geared toward the common goal of LINQ but the
building blocks are also useful in their own right. With anonymous types, automati-
cally implemented properties, implicitly typed local variables, and greatly enhanced
initialization support, C#3 gives a far richer language with which your code can
express its behavior.

Chapter 9 looks at the first major topic of C#3—lambda expressions. Not content
with the reasonably concise syntax we saw in chapter 5, the language designers have
made delegates even easier to create than in G#2. Lambdas are capable of more—they
can be converted into expression trees: a powerful way of representing code as data.

In chapter 10 we examine extension methods, which provide a way of fooling the
compiler into believing that methods declared in one type actually belong to another.
At first glance this appears to be a readability nightmare, but with careful consider-
ation it can be an extremely powerful feature—and one which is vital to LINQ.

Chapter 11 combines the previous three chapters in the form of query expres-
sions, a concise but powerful way of querying data. Initially we concentrate on LINQ to
Objects, but see how the query expression pattern is applied in a way which allows
other data providers to plug in seamlessly.

Chapter 12 reaps the rewards of query expressions combined with expression
trees: it shows how LINQ to SQL is able to convert what appears to be normal C# into
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SQL statements. We also take a speedy look at some other LINQ providers—those in
the NET Framework, some third-party ones which are gradually appearing, and a
sneak peek at what Microsoft has in store.

We wind down in chapter 13 with a speculative glance at what the future might
hold. We examine how the changes to C# will affect the flavor and texture of the code
we write in it, as well as looking at some future trends in technology.

The appendix is a straightforward piece of reference material: the LINQ standard
query operators, with some examples. Strictly speaking, this is not part of C#3—it’s
library material—but I believe it’s so useful that readers will welcome its inclusion.

Terminology and typography

Most of the terminology of the book is explained as it goes along, but there are a few
definitions that are worth highlighting here. I use C#1, C#2, and C#3 in a reasonably
obvious manner—but you may see other books and websites referring to C#1.0, C#2.0,
and G#3.0. The extra “.0” seems redundant to me, which is why I've omitted it—I hope
the meaning is clear.

I’ve appropriated a pair of terms from a C# book by Mark Michaelis. To avoid the
confusion between “runtime” being an execution environment (as in “the Common
Language Runtime”) and a point in time (as in “overriding occurs at runtime”), Mark
uses “execution time” for the latter concept, usually in comparison with “compile
time.” This seems to me to be a thoroughly sensible idea, and one that I hope catches
on in the wider community. I'm doing my bit by following his example in this book.

I frequently refer to “the language specification” or just “the specification”—unless
Iindicate otherwise, this means “the C# language specification.” However, multiple ver-
sions of the specification are available, partly due to different versions of the language
itself and partly due to the standardization process. Rather than clutter up the book
with specific “chapter and verse” references, there’s a page on the book’s website that
allows you to pick which version of the specification you’re interested in and then see
which part of the book refers to which area of the specification.

This book contains numerous pieces of code, which appear in a fixed-width font;
output from the listings appears in the same way. Code annotations accompany some
listings, and at other times particular sections of the code are highlighted in bold.

Almost all of the code appears in “snippet” form, allowing it to stay compact but
still runnable—within the right environment. That environment is Snippy, a custom
tool that is introduced in section 1.4. Snippy is available for download, along with all
of the code from the book (in the form of snippets, full Visual Studio solutions, or
more often both) from the book’s website at www.manning.com/CSharpInDepth.

Author Online and the C# in Depth website

Purchase of C#in Depthincludes free access to a private web forum run by Manning Pub-
lications where you can make comments about the book, ask technical questions, and
receive help from the author and other users. To access the forum and subscribe to it,
point your web browser to www.manning.com/CSharpInDepth or www.manning.com/
skeet. This page provides information on how to get on the forum once you are regis-
tered, what kind of help is available, and the rules of conduct on the forum.
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The Author Online forum and the archives of previous discussions will be accessi-
ble from the publisher’s website as long as the book is in print.

In addition to Manning’s own website, I have set up a companion website for the
book at www.csharpindepth.com, containing information that didn’t quite fit into
the book, as well as downloadable source code for all the listings in the book and fur-
ther examples.

About the author

In many books, you will find a very impressive list of business and technical achieve-
ments accomplished by the author(s). Sadly, I have little to boast of on that front.
Microsoft has been kind enough to award me MVP (Most Valuable Professional) status
since 2003 for my “work” in the C# newsgroups, but I have to put “work” in quotes as it’s
been such a fun ride. Beyond that, I run a modest website with some articles about C#
and .NET, and a blog with some random thoughts about software development. I’'m not
the CTO of a wildly successful startup. I haven’t given sell-out lecture tours across mul-
tiple continents with webcasts that brought the Internet to its knees. Instead, I've spent
my time working as a developer, listening to the problems of other developers, and try-
ing to gradually learn the best way to write code and design solutions.

I’d like to think that in some ways that makes me the right person to write a book
about C#—because it’s what I live and breathe from day to day, and it’s what I love
helping people with. I'm passionate about G# in a way which my wife has learned to
tolerate, and I hope that passion comes through in this book. I thought I was mad
about it before I started writing, and my appreciation has only grown as I've become
more intimately familiar with the details.

I'm not so much in love with G# that I can’t see any flaws—again, I hope that
comes across in my writing. I’ve never met a language yet that didn’t have its hidden
traps: G# is better than most in that respect, but it’s not perfect. When I see areas that
have caused problems, either for me or for other developers who have posted in news-
groups or emailed me, I'm more than willing to point them out. I hope the designers
will forgive the implied criticisms, and understand that I hold them in the highest
regard for the beautiful and elegant language they created.



about the cover illustration

The caption on the illustration on the cover of C# in Depth is a “Musician.” The illus-
tration is taken from a collection of costumes of the Ottoman Empire published on
January 1, 1802, by William Miller of Old Bond Street, London. The title page is miss-
ing from the collection and we have been unable to track it down to date. The book’s
table of contents identifies the figures in both English and French, and each illustra-
tion bears the names of two artists who worked on it, both of whom would no doubt
be surprised to find their art gracing the front cover of a computer programming
book...two hundred years later.

The collection was purchased by a Manning editor at an antiquarian flea market in
the “Garage” on West 26th Street in Manhattan. The seller was an American based in
Ankara, Turkey, and the transaction took place just as he was packing up his stand for
the day. The Manning editor did not have on his person the substantial amount of
cash that was required for the purchase and a credit card and check were both politely
turned down. With the seller flying back to Ankara that evening the situation was get-
ting hopeless. What was the solution? It turned out to be nothing more than an old-
fashioned verbal agreement sealed with a handshake. The seller simply proposed that
the money be transferred to him by wire and the editor walked out with the bank
information on a piece of paper and the portfolio of images under his arm. Needless
to say, we transferred the funds the next day, and we remain grateful and impressed by
this unknown person’s trust in one of us. It recalls something that might have hap-
pened a long time ago.

We at Manning celebrate the inventiveness, the initiative, and, yes, the fun of the
computer business with book covers based on the rich diversity of regional life of two
centuries ago, brought back to life by the pictures from this collection.



comments from the tech review

Technical proofreaders are a vital part of the book-publishing process. They read
the final manuscript for technical accuracy and test all the code shortly before the
book goes to typesetting.

A good proofreader will find and help correct all technical errors. A really
good one will pick up incorrect implications and unhelpful nuances. A great tech-
nical proofreader will provide guidance in terms of style as well as content, help-
ing to hone the manuscript and the author’s point of view. In Eric Lippert we
found such a person. As a member of the C# team, we knew from the start that he
would provide accurate information—but he was also able to give Jon’s excellent
manuscript an extra layer of polish.

We always ask our technical proofreaders for feedback once they’ve completed
the review, and for this book we wanted to share some of those comments with you:

This is a gem of a book, both in its details and its overall organization. Every bit
of jargon from the specification is used correctly and in context; when Jon needs
new terms he makes up good ones...

Where it needs to be simple it is simple, but never simplistic. The majority of
my comments were not corrections; rather, they expanded on the history behind
a particular design decision, giving ideas for further explorations, and so on.

Jon takes a sensible approach to presenting complex material. The book
begins with an “ontogenic” approach, describing the evolution of the language
over time. In the section on C#3, he switches to a more “constructivist” approach,
describing how we built more complex features (such as query comprehensions)
out of more basic features (such as extension methods and lambda expressions).
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This choice of book organization is particularly well-suited to high-end users,
like Jon himself, who are primarily looking to use the language, but who can do
so better when they understand the parts from which it was built...

If I had time to write another book, this is the kind of book I would hope to
write. Now I don’t have to, and thank goodness for that!

To see more comments and margin notes made by Eric during the technical
review process, as well as responses from Jon, please visit the book’s web page at
www.manning.com/CSharpInDepth or www.csharpindepth.com/Notes.aspx.



Part 1

Preparing for the journey

Every reader will come to this book with a different set of expectations and
a different level of experience. Are you an expert looking to fill some holes, how-
ever small, in your present knowledge? Perhaps you consider yourself an “average”
developer, beginning to migrate projects to .NET 2.0 but with an eye to the future.
Maybe you’re reasonably confident with C# 2 but have no C# 3 experience.

As an author, I can’t make every reader the same—and I wouldn’t want to
even if I could. I hope that all readers have two things in common, however: the
desire for a deeper relationship with G# as a language, and at least a basic knowl-
edge of C# 1. If you can bring those elements to the party, I'll provide the rest.

The potentially huge range of skill levels is the main reason for this part
of the book existing. You may already know what to expect from C#2 and 3—
or it could all be brand new to you. You could have a rock-solid understanding
of C#1, or you might be rusty on some of the details that didn’t matter much
before but that will become increasingly important as you learn C#2 and
then 3. By the end of part 1, I won’t have leveled the playing field entirely, but
you should be able to approach the rest of the book with confidence and an
idea of what’s coming later.

For the first two chapters, we will be looking both forward and back. One of
the key themes of the book is evolution. Before introducing any feature into the
language, the design team carefully considers that feature in the context of
what’s already present and the general aims of the future. This brings a feeling
of consistency to the language even in the midst of change. To understand how
and why the language is evolving, we need to see where we’ve come from and
where we’re going to.



Chapter 1 presents a bird’s-eye view of the rest of the book, taking a brief look at
some of the biggest features of both C# 2 and C# 3 and showing a progression of code
from C# 1 onward. To bring more perspective and context to the new features, we’ll also
take alook at nearly 12 years of development history, from the first release of Java in Jan-
uary 1996 to the birth of C# 3 and .NET 3.5 in November 2007.

Chapter 2 is heavily focused on C# 1. If you’re an expert in G# 1 you can skip this
chapter, but it does tackle some of the areas of C#1 that tend to be misunderstood.
Rather than try to explain the whole of the language, the chapter concentrates on fea-
tures that are fundamental to the later versions of C#. From this solid base, we can
move on and look at C# 2 in part 2 of this book.



The changing face
of C# development

This chapter covers

An evolving example

C#’s historical context

The composition of .NET
Snippy, the snippet compiler

The world is changing at a pace that is sometimes terrifying, and technology is one
of the fastestmoving areas of that change. Computing in particular seems to push
itself constantly, both in hardware and in software. Although many older computer
languages are like bedrocks, rarely changing beyond being consolidated in terms of
standardization, newer ones are still evolving. C# falls into the latter category, and
the implications of this are double-edged. On the one hand, there’s always more to
learn—the feeling of having mastered the language is unlikely to last for long, with
a “V next” always looming. However, the upside is that if you embrace the new fea-
tures and you’re willing to change your coding style to adopt the new idioms, you’ll
discover a more expressive, powerful way of developing software.
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To get the most out of any new language feature, you need to understand it thor-
oughly. That’s the point of this book—to delve into the very heart of C#, so you under-
stand it at a deep level rather than just enough to get by. Without wishing to sound
melodramatic or overly emotional, I want to put you in harmony with the language.

If you’re anxious to get coding straight away, and if you’re confident in your under-
standing of C# 1, feel free to skip to part 2 and dive in. However, there’s always more
to coding than just the technicalities, and in this part I will be providing background
to the bigger picture: the reasons why both the C# language and the .NET Framework
have changed in the ways that they have.

In this chapter, we’ll have a sneak peek at a few of the features the rest of the book
will cover. We’ll see that while C# 2 fixed a lot of the issues people encountered when
using C# 1, the ideas in C# 3 could significantly change the way we write and even think
about code. I'll put the changes into historical context, guide you through the maze of
terminology and version numbers, then talk about how the book is presented in order
to help you get as much out of it as possible. Let’s start by looking at how some code
might evolve over time, taking advantage of new features as they become available.

Evolution in action: examples of code change

I've always dreamed of doing magic tricks, and for this one section I get to live that
dream. This is the only time that I won’t explain how things work, or try to go one step
ata time. Quite the opposite, in fact—the plan is to impress rather than educate. If you
read this entire section without getting at least a little excited about what CG# 2 and 3 can
do, maybe this book isn’t for you. With any luck, though, you’ll be eager to get to the
details of how the tricks work—to slow down the sleight of hand until it’s obvious what’s
going on—and that’s what the rest of the book is for.

I should warn you that the example is very contrived—clearly designed to pack as
many new features into as short a piece of code as possible. From C# 2, we’ll see gener-
ics, properties with different access modifiers for getters and setters, nullable types, and
anonymous methods. From C# 3, we’ll see automatically implemented properties,
enhanced collection initializers, enhanced object initializers, lambda expressions,
extension methods, implicit typing, and LINQ query expressions. There are, of course,
many other new features, but it would be impossible to demonstrate them all together
in a meaningful way. Even though you usually wouldn’t use even this select set of fea-
tures in such a compact space, I’'m sure you’ll recognize the general tasks as ones that
do crop up frequently in real-life code.

As well as being contrived, the example is also clichéd—but at least that makes it
familiar. Yes, it’s a product/name/price example, the e-commerce virtual child of
“hello, world.”

To keep things simple, I've split the code up into sections. Here’s what we want to do:

» Define a Product type with a name and a price in dollars, along with a way of
retrieving a hard-coded list of products
= Print out the products in alphabetical order
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= Print out all the products costing more than $10

= Consider what would be required to represent products with unknown prices

We’ll look at each of these areas separately, and see how as we move forward in versions
of C#, we can accomplish the same tasks more simply and elegantly than before. In
each case, the changes to the code will be in a bold font. Let’s start with the Product
type itself.

Defining the Product type

We’re not looking for anything particularly impressive from the Product type—just
encapsulation of a couple of properties. To make life simpler for demonstration pur-
poses, this is also where we create a list of predefined products. We override ToString
so that when we print out the products elsewhere, they show useful values. Listing 1.1
shows the type as it might be written in C# 1. We’ll then move on to see how the same
effect can be achieved in C# 2, then C# 3. This is the pattern we’ll follow for each of
the other pieces of code.

Listing 1.1 The Product type (C# 1)

using System.Collections;

public class Product

{

string name;
public string Name

{
}

decimal price;
public decimal Price

{
}

public Product (string name, decimal price)

{

get { return name; }

get { return price; }

this.name = name;
this.price = price;

}

public static ArrayList GetSampleProducts ()

{
ArrayList list = new ArrayList();
list.Add (new Product ("Company", 9.99m)) ;
list.Add (new Product ("Assassins", 14.99m)) ;
list.Add (new Product ("Frogs", 13.99m)) ;
list.Add (new Product ("Sweeney Todd", 10.99m)) ;
return list;

}

public override string ToString()

{
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return string.Format ("{0}: {1}", name, price);

Nothing in listing 1.1 should be hard to understand—it’s just C#1 code, after all.
There are four limitations that it demonstrates, however:

= An ArrayList has no compile-time information about what’s in it. We could

have accidentally added a string to the list created in GetSampleProducts and
the compiler wouldn’t have batted an eyelid.

We’ve provided public “getter” properties, which means that if we wanted
matching “setters,” they would have to be public too. In this case it’s not too
much of a problem to use the fields directly, but it would be if we had valida-
tion that ought to be applied every time a value was set. A property setter
would be natural, but we may not want to expose it to the outside world. We’d
have to create a private SetPrice method or something similar, and that asym-
metry is ugly.

The variables themselves are available to the rest of the class. They’re private,
but it would be nice to encapsulate them within the properties, to make sure
they’re not tampered with other than through those properties.

There’s quite a lot of fluff involved in creating the properties and variables—
code that complicates the simple task of encapsulating a string and a decimal.

Let’s see what C# 2 can do to improve matters (see listing 1.2; changes are in bold).

Listing 1.2 Strongly typed collections and private setters (C# 2)

using System.Collections.Generic;

public class Product

{

string name;
public string Name
get { return name; }
private set { name = value; }

}

decimal price;
public decimal Price

{
get { return price; }
private set { price = value; }

}

public Product (string name, decimal price)

{

Name = name;
Price = price;

}

public static List<Product> GetSampleProducts ()
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List<Product> list = new List<Product>();
list.Add (new Product ("Company", 9.99m)) ;
list.Add (new Product ("Assassins", 14.99m));
list.Add (new Product ("Frogs", 13.99m)) ;
list.Add (new Product ("Sweeney Todd", 10.99m)) ;
return list;

}

public override string ToString()

{
}

return string.Format ("{0}: {1}", name, price);

The code hasn’t changed much, but we’ve addressed two of the problems. We now
have properties with private setters (which we use in the constructor), and it doesn’t
take a genius to guess that List<Product> is telling the compiler that the list contains
products. Attempting to add a different type to the list would result in a compiler
error. The change to G# 2 leaves only two of the original four difficulties unanswered.
Listing 1.3 shows how C# 3 tackles these.

Listing 1.3 Automatically implemented properties and simpler initialization (C# 3)

using System.Collections.Generic;

class Product

{

public string Name { get; private set; }
public decimal Price { get; private set; }

public Product (string name, decimal price)

Name = name;
Price = price;

}

Product ()

{
}

public static List<Products> GetSampleProducts ()

{

return new List<Product>

{
new Product { Name="Company", Price = 9.99m },
new Product { Name="Assassins", Price=14.99m },
new Product { Name="Frogs", Price=13.99m },
new Product { Name="Sweeney Todd", Price=10.99m}
}i

}

public override string ToString()

{
}

return string.Format ("{0}: {1}", Name, Price);
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The properties now don’t have any code (orvisible variables!) associated with them, and
we’re building the hard-coded list in a very different way. With no “name” and “price”
variables to access, we're forced to use the properties everywhere in the class, improving
consistency. We now have a private parameterless constructor for the sake of the new
property-based initialization. In this example, we could actually have removed the pub-
lic constructor completely, but it would make the class less useful in the real world.

Figure 1.1 shows a summary of how our Product type has evolved so far. I'll include
a similar diagram after each task, so you can see the pattern of how C# 2 and 3 improve
the code.

C#3
C#1 C#2
. . . Automatically implemented
Read-only properties Private property settgrs properties
Weakly typed collections Strongly typed collections Enhanced collection and

object initialization

Figure 1.1 Evolution of the Product type, showing greater encapsulation, stronger typing, and ease
of initialization over time

So far the changes are relatively minimal. In fact, the addition of generics (the
List<Product> syntax) is probably the most important part of C# 2, but we’ve only
seen part of its usefulness so far. There’s nothing to get the heart racing yet, but we’ve
only just started. Our next task is to print out the list of products in alphabetical order.
That shouldn’t be too hard...

Sorting products by name

The easiest way of displaying a list in a particular order is to sort the list and then run
through it displaying items. In .NET 1.1, this involved using ArrayList.Sort, and in
our case providing an IComparer implementation. We could have made the Product
type implement IComparable, but we could only define one sort order that way, and
it’s not a huge stretch to imagine that we might want to sort by price at some stage as
well as by name. Listing 1.4 implements IComparer, then sorts the list and displays it.

Listing 1.4 Sorting an ArrayList using IComparer (C#1)

class ProductNameComparer : IComparer
public int Compare (object x, object y)
Product first = (Product)x;
Product second = (Product)y;
return first.Name.CompareTo (second.Name) ;

ArrayList products = Product.GetSampleProducts () ;
products.Sort (new ProductNameComparer()) ;
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foreach (Product product in products)

{
}

The first thing to spot in listing 1.4 is that we’ve had to introduce an extra type to help
us with the sorting. That’s not a disaster, but it’s a lot of code if we only want to sort by
name in one place. Next, we see the casts in the Compare method. Casts are a way of
telling the compiler that we know more information than it does—and that usually
means there’s a chance we’re wrong. If the ArrayList we returned from GetSample-
Products had contained a string, that’s where the code would go bang—where the
comparison tries to cast the string to a Product.

We’ve also got a cast in the code that displays the sorted list. It’s not obvious,
because the compiler puts it in automatically, but the foreach loop implicitly casts
each element of the list to Product. Again, that’s a cast we’d ideally like to get rid of,
and once more generics come to the rescue in C# 2. Listing 1.5 shows the earlier code
with the use of generics as the only change.

Console.WriteLine (product) ;

Listing 1.5 Sorting a List<Product> using IComparer<Product> (C# 2)

class ProductNameComparer : IComparer<Product>

{

public int Compare (Product first, Product second)

{
}

return first.Name.CompareTo (second.Name) ;

List<Product> products = Product.GetSampleProducts();
products.Sort (new ProductNameComparer ()) ;
foreach (Product product in products)

{
}

The code for the comparer in listing 1.5 is simpler because we’re given products to
start with. No casting necessary. Similarly, the invisible cast in the foreach loop is
gone. It’s hard to tell the difference, given that it’s invisible, but it really is gone. Hon-
est. I wouldn’t lie to you. At least, not in chapter 1...

That’s an improvement, but it would be nice to be able to sort the products by sim-
ply specifying the comparison to make, without needing to implement an interface to
do so. Listing 1.6 shows how to do precisely this, telling the Sort method how to com-
pare two products using a delegate.

Console.WriteLine (product) ;

Listing 1.6 Sorting a List<Product> using Comparison<Product> (C# 2)

List<Product> products = Product.GetSampleProducts() ;
products.Sort (delegate (Product first, Product second)
{ return first.Name.CompareTo (second.Name); }

)i
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foreach (Product product in products)

{
}

Behold the lack of the ProductNameComparer type. The statement in bold actually cre-
ates a delegate instance, which we provide to the Sort method in order to perform
the comparisons. More on that feature (anonymous methods) in chapter 5. We’ve now
fixed all the things we didn’t like about the C# 1 version. That doesn’t mean that C# 3
can’t do better, though. First we’ll just replace the anonymous method with an even
more compact way of creating a delegate instance, as shown in listing 1.7.

Console.WriteLine (product) ;

Listing 1.7 Sorting using Comparison<Product> from a lambda expression (C# 3)

List<Product> products = Product.GetSampleProducts() ;
products.Sort (

(first, second) => first.Name.CompareTo (second.Name)
)i
foreach (Product product in products)

{
1

We’ve gained even more strange syntax (a lambda expression), which still creates a
Comparison<Product> delegate just the same as listing 1.6 did but this time with less
fuss. We haven’t had to use the delegate keyword to introduce it, or even specify the
types of the parameters. There’s more, though: with C#3 we can easily print the
names out in order without modifying the original list of products. Listing 1.8 shows
this using the OrderBy method.

Console.WriteLine (product) ;

Listing 1.8 Ordering a List<Product> using an extension method (C# 3)

List<Product> products = Product.GetSampleProducts() ;

foreach (Product product in products.OrderBy(p => p.Name))

{

}

We appear to be calling an OrderBy method, but if you look in MSDN you’ll see that it
doesn’t even exist in List<Product>. We're able to call it due to the presence of an
extension method, which we’ll see in more detail in chapter 10. We’re not actually sorting
the list “in place” anymore, but just retrieving the contents of the list in a particular
order. Sometimes you’ll need to change the actual list; sometimes an ordering without
any other side effects is better. The important point is that it’s much more compact and
readable (once you understand the syntax, of course). We wanted to order the list by
name, and that’s exactly what the code says. It doesn’t say to sort by comparing the
name of one product with the name of another, like the C# 2 code did, or to sort by
using an instance of another type that knows how to compare one product with
another. It just says to order by name. This simplicity of expression is one of the key

Console.WriteLine (product) ;
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benefits of G# 3. When the individual pieces of data querying and manipulation are so
simple, larger transformations can still remain compact and readable in one piece of
code. That in turn encourages a more “data-centric” way of looking at the world.

We’ve seen a bit more of the power of C# 2 and 3 in this section, with quite a lot of
(as yet) unexplained syntax, but even without understanding the details we can see
the progress toward clearer, simpler code. Figure 1.2 shows that evolution.

Ci#1 C#2 C#3
Weakly typed comparator I Strongly typed comparator - Lambda expressions
No delegate sorting option Delegate comparisons Extension methods
Anonymous methods Option of leaving list unsorted

Figure 1.2 Features involved in making sorting easier in C#2 and 3

That’s it for sorting. Let’s do a different form of data manipulation now—querying.

Querying collections

Our next task is to find all the elements of the list that match a certain criterion—in par-
ticular, those with a price greater than $10. In C# 1, we need to loop around, testing each
element and printing it out where appropriate (see listing 1.9).

Listing 1.9 Looping, testing, printing out (C# 1)

ArrayList products = Product.GetSampleProducts() ;
foreach (Product product in products)

{

if (product.Price > 10m)

{
}

Console.WriteLine (product) ;

}

OK, this is not difficult code to understand. However, it’s worth bearing in mind how
intertwined the three tasks are—looping with foreach, testing the criterion with if,
then displaying the product with Console.WriteLine. The dependency is obvious
because of the nesting. C# 2 lets us flatten things out a bit (see listing 1.10).

Listing 1.10 Separating testing from printing (C# 2)

List<Product> products = Product.GetSampleProducts() ;
Predicate<Product> test = delegate(Product p)

{ return p.Price > 10m; };
List<Product> matches = products.FindAll (test);

Action<Product> print = delegate (Product p)
{ Console.WriteLine (p); };
matches.ForEach (print);
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I'm not going to claim this code is simpler than the C#1 code—but it is a lot more
powerful.1 In particular, it makes it very easy to change the condition we’re testing for
and the action we take on each of the matches independently. The delegate variables
involved (test and print) could be passed into a method—that same method could
end up testing radically different conditions and taking radically different actions. Of
course, we could have put all the testing and printing into one statement, as shown in
listing 1.11.

Listing 1.11 Separating testing from printing redux (C# 2)

List<Product> products = Product.GetSampleProducts() ;
products.FindAll (delegate (Product p) { return p.Price > 10;})
.ForEach (delegate(Product p) { Console.WriteLine(p); });

That’s a bit better, but the delegate (Product p) is getting in the way, as are the braces.
They’re adding noise to the code, which hurts readability. I still prefer the C# 1 version,
in the case where we only ever want to use the same test and perform the same action.
(It may sound obvious, but it’s worth remembering that there’s nothing stopping us
from using the C# 1 version when using C# 2 or 3. You wouldn’t use a bulldozer to plant
tulip bulbs, which is the kind of overkill we’re using here.) C# 3 improves matters dra-
matically by removing a lot of the fluff surrounding the actual logic of the delegate (see
listing 1.12).

Listing 1.12 Testing with a lambda expression (C# 3)

List<Product> products = Product.GetSampleProducts() ;
foreach (Product product in products.Where(p => p.Price > 10))

{
}

The combination of the lambda expression putting the test in just the right place and
a well-named method means we can almost read the code out loud and understand it
without even thinking. We still have the flexibility of C# 2—the argument to Where
could come from a variable, and we could use an Action<Products instead of the
hard-coded Console.WriteLine call if we wanted to.

This task has emphasized what we already knew from sorting—anonymous methods

Console.WriteLine (product) ;

make writing a delegate simple, and lambda expressions are even more concise. In
both cases, that brevity means that we can include the query or sort operation inside
the first part of the foreach loop without losing clarity. Figure 1.3 summarizes the
changes we’ve just seen.

So, now that we’ve displayed the filtered list, let’s consider a change to our initial
assumptions about the data. What happens if we don’t always know the price for a
product? How can we cope with that within our Product class?

! In some ways, this is cheating. We could have defined appropriate delegates in C# 1 and called them within
the loop. The Findall and ForEach methods in .NET 2.0 just help to encourage you to consider separation
of concerns.
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C#1 C#2 C#3

. Separate condition from .
Strong coupling between . Lambda expressions
action invoked.

condition and action. make the condition

Anonymous methods ;
Both are hard-coded. . even easier to read.
make delegates simple.

Figure 1.3 Anonymous methods and lambda expressions aid separation of concerns and readability
for C#2 and 3.

Representing an unknown price

I’'m not going to present much code this time, but I'm sure it will be a familiar prob-
lem to you, especially if you've done a lot of work with databases. Let’s imagine our list
of products contains not just products on sale right now but ones that aren’t available
yet. In some cases, we may not know the price. If decimal were a reference type, we
could just use null to represent the unknown price—but as it’s a value type, we can’t.
How would you represent this in C# 1? There are three common alternatives:

= Create a reference type wrapper around decimal

» Maintain a separate Boolean flag indicating whether the price is known

= Use a “magic value” (decimal.MinValue, for example) to represent the unknown
price

I hope you’ll agree that none of these holds much appeal. Time for a little magic: we
can solve the problem with the addition of a single extra character in the variable
and property declarations. C#2 makes matters a lot simpler by introducing the
Nullable<T> structure and some syntactic sugar for it that lets us change the prop-
erty declaration to

decimal? price;

public decimal? Price

{ get { return price; }
private set { price = value; }

}
The constructor parameter changes to decimal? as well, and then we can pass in null
as the argument, or say Price = null; within the class. That’s a lot more expressive
than any of the other solutions. The rest of the code just works as is—a product with
an unknown price will be considered to be less expensive than $10, which is probably
what we’d want. To check whether or not a price is known, we can compare it with
null or use the HasValue property—so to show all the products with unknown prices
in G# 3, we’d write the code in listing 1.13.

Listing 1.13 Displaying products with an unknown price (C# 2 and 3)

List<Product> products = Product.GetSampleProducts() ;
foreach (Product product in products.Where(p => p.Price==null))
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{
Console.WriteLine (product.Name) ;
}
The C# 2 code would be similar to listing 1.11 but using return p.Price == null; as

the body for the anonymous method. There’s no difference between G#2 and 3 in
terms of nullable types, so figure 1.4 represents the improvements with just two boxes.

Ci#1 C#2/3
Choice between extra work - Nullable types make the
maintaining a flag, changing - "extra work" option simple
to reference type semantics, and syntactic sugar improves
or the hack of a magic value. matters even further.

Figure 1.4 The options available for working around the lack of nullable types in C#1,
and the benefits of C#2 and 3

So, is that it? Everything we’ve seen so far is useful and important (particularly
generics), but I'm not sure it really counts as exciting. There are some cool things
you can do with these features occasionally, but for the most part they’re “just” mak-
ing code a bit simpler, more reliable, and more expressive. I value these things
immensely, but they rarely impress me enough to call colleagues over to show how
much can be done so simply. If you've seen any C# 3 code already, you were proba-
bly expecting to see something rather different—namely LINQ. This is where the
fireworks start.

LINQ and query expressions

LINQ (Language Integrated Query) is what C# 3 is all about at its heart. Whereas the
features in C# 2 are arguably more about fixing annoyances in C# 1 than setting the
world on fire, C# 3 is rather special. In particular, it contains query expressions that allow
a declarative style for creating queries on various data sources. The reason none of the
examples so far have used them is that they’ve all actually been simpler without using
the extra syntax. That’s not to say we couldn’t use it anyway, of course—listing 1.12, for
example, is equivalent to listing 1.14.

Listing 1.14 First steps with query expressions: filtering a collection

List<Product> products = Product.GetSampleProducts() ;
var filtered = from Product p in products

where p.Price > 10

select p;
foreach (Product product in filtered)

{
}

Console.WriteLine (product) ;
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Personally, I find the earlier listing easier to read—the only benefit to the query
expression version is that the where clause is simpler.

So if query expressions are no good, why is everyone making such a fuss about
them, and about LINQ in general? The first answer is that while query expressions are
not particularly suitable for simple tasks, they’re very, very good for more complicated
situations that would be hard to read if written out in the equivalent method calls
(and fiendish in C#1 or 2). Let’s make things just a little harder by introducing
another type—Supplier. I haven’t included the whole code here, but complete ready-
to-compile code is provided on the book’s website (www.csharpindepth.com). We’ll
concentrate on the fun stuff.

Each supplier has a Name (string) and a SupplierID (int). I've also added
SupplierID as a property in Product and adapted the sample data appropriately.
Admittedly that’s not a very object-oriented way of giving each product a supplier—
it’'s much closer to how the data would be represented in a database. It makes this
particular feature easier to demonstrate for now, but we’ll see in chapter 12 that
LINQ allows us to use a more natural model too.

Now let’s look at the code (listing 1.15) to join the sample products with the sam-
ple suppliers (obviously based on the supplier ID), apply the same price filter as
before to the products, sort by supplier name and then product name, and print out
the name of both supplier and product for each match. That was a mouthful (finger-
ful?) to type, and in earlier versions of G# it would have been a nightmare to imple-
ment. In LINQ, it’s almost trivial.

Listing 1.15 Joining, filtering, ordering, and projecting

List<Product> products = Product.GetSampleProducts() ;
List<Supplier> suppliers = Supplier.GetSampleSuppliers() ;
var filtered = from p in products
join s in suppliers
on p.SupplierID equals s.SupplierID
where p.Price > 10
orderby s.Name, p.Name
select new {SupplierName=s.Name,
ProductName=p.Name} ;
foreach (var v in filtered)
{
Console.WriteLine ("Supplier={0}; Product={1}",
v.SupplierName, v.ProductName) ;

}
The more astute among you will have noticed that it looks remarkably like SQL.?
Indeed, the reaction of many people on first hearing about LINQ (but before examin-
ing it closely) is to reject it as merely trying to put SQL into the language for the sake
of talking to databases. Fortunately, LINQ has borrowed the syntax and some ideas
from SQL, but as we’ve seen, you needn’t be anywhere near a database in order to use

2 If you've ever worked with SQL in any form whatsoever but didnt notice the resemblance, I'm shocked.
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it—none of the code we’ve run so far has touched a database at all. Indeed, we could
be getting data from any number of sources: XML, for example. Suppose that instead
of hard-coding our suppliers and products, we’d used the following XML file:

<?xml version="1.0"?>
<Data>
<Products>
<Product Name="Company" Price="9.99" SupplierID="1" />
<Product Name="Assassins" Price="14.99" SupplierID="2" />
<Product Name="Frogs" Price="13.99" SupplierID="1" />
<Product Name="Sweeney Todd" Price="10.99" SupplierID="3" />
</Products>

<Suppliers>
<Supplier Name="Solely Sondheim" SupplierID="1" />
<Supplier Name="CD-by-CD-by-Sondheim" SupplierID="2" />
<Supplier Name="Barbershop CDs" SupplierID="3" />
</Suppliers>
</Data>

Well, the file is simple enough, but what’s the best way of extracting the data from it?
How do we query it? Join on it? Surely it’s going to be somewhat harder than listing 1.14,
right? Listing 1.16 shows how much work we have to do in LINQ to XML.

Listing 1.16 Complex processing of an XML file with LINQ to XML

XDocument doc = XDocument.Load("data.xml") ;

var filtered = from p in doc.Descendants ("Product")
join s in doc.Descendants ("Supplier")
on (int)p.Attribute("SupplierID")

equals (int)s.Attribute ("SupplierID")
where (decimal)p.Attribute("Price") > 10
orderby (string)s.Attribute ("Name"),
(string)p.Attribute ("Name")

select new

{

SupplierName = (string)s.Attribute ("Name"),
ProductName = (string)p.Attribute ("Name")
}i
foreach (var v in filtered)
{
Console.WriteLine ("Supplier={0}; Product={1}",
v.SupplierName, v.ProductName) ;
1

Well, it’s not quite as straightforward, because we need to tell the system how it should
understand the data (in terms of what attributes should be used as what types)—but
it’s not far off. In particular, there’s an obvious relationship between each part of the
two listings. If it weren’t for the line length limitations of books, you’d see an exact
line-by-line correspondence between the two queries.

Impressed yet? Not quite convinced? Let’s put the data where it’s much more likely
to be—in a database. There’s some work (much of which can be automated) to let
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LINQ to SQL know about what to expect in what table, but it’s all fairly straightforward.
Listing 1.17 shows the querying code.

Listing 1.17 Applying a query expression to a SQL database

using (LingDemoDataContext db = new LingDemoDataContext ())
{
var filtered = from p in db.Products
join s in db.Suppliers
on p.SupplierID equals s.SupplierID
where p.Price > 10
orderby s.Name, p.Name
select new
{
SupplierName = s.Name,
ProductName = p.Name
Vi
foreach (var v in filtered)
{
Console.WriteLine ("Supplier={0}; Product={1}",
v.SupplierName, v.ProductName) ;

By now, this should be looking incredibly familiar. Everything below the

erd ¥ “join” line is cut and pasted directly from listing 1.14 with no changes.
%WW&# ’ That’s impressive enough, but if you’re performance conscious you may
put W be wondering why we would want to pull down all the data from the data-
ay SQ

base and then apply these .NET queries and orderings. Why not get the
database to do it? That’s what it’s good at, isn’t it? Well, indeed—and
that’s exactly what LINQ to SQL does. The code in listing 1.17 issues a
database request, which is basically the query translated into SQL. Even
though we’ve expressed the query in C# code, it’s been executed as SQL.
We’ll see later that the way this query joins isn’t how we’d normally use LINQ to SQL—
there’s a more relation-oriented way of approaching it when the schema and the enti-
ties know about the relationship between suppliers and products. The result is the
same, however, and it shows just how similar LINQ to Objects (the in-memory LINQ
operating on collections) and LINQ to SQL can be.

It’s important to understand that LINQ is flexible, too: you can write your own
query translators. It’s not easy, but it can be well worth it. For instance, here’s an exam-
ple using Amazon’s web service to query its available books:

var query =
from book in new LingToAmazon.AmazonBookSearch ()

where
book.Title.Contains ("ajax") &&
(book.Publisher == "Manning") &&
(book.Price <= 25) &&
(book.Condition == BookCondition.New)

select book;
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This example was taken from the introduction® to “LINQ to Amazon,” which is a LINQ
provider written as an example for the LINQ in Action book (Manning, 2008). The query
is easy to understand, and written in whatappears to be “normal” C# 3—but the provider
is translating it into a web service call. How cool is that?

Hopefully by now your jaw is suitably close to the floor—mine certainly was the
first time I tried an exercise like the database one we’ve just seen, when it worked
pretty much the first time. Now that we’ve seen a little bit of the evolution of the C#
language, it’s worth taking a little history lesson to see how other products and tech-
nologies have progressed in the same timeframe.

A brief history of C# (and related technologies)

When I was learning French and German at school, the teachers always told me that I
would never be proficient in those languages until I started thinkingin them. Unfortu-
nately I never achieved that goal, but I do think in C# (and a few other languages).*
There are people who are quite capable of programming reasonably reliably in a com-
puter language without ever getting comfortable (or even intimate) with it. They will
always write their code with an accent, usually one reminiscent of whatever language
they are comfortable in.

While you can learn the mechanics of G# without knowing anything about the con-
text in which it was designed, you’ll have a closer relationship with it if you understand
why it looks the way it does—its ancestry, effectively. The technological landscape and
its evolution have a significant impact on how both languages and libraries evolve, so
let’s take a brief walk through C#’s history, seeing how it fits in with the stories of other
technologies, both those from Microsoft and those developed elsewhere. This is by no
means a comprehensive history of computing at the end of the twentieth century and
the start of the twenty-first—any attempt at such a history would take a whole (large)
book in itself. However, I've included the products and technologies that I believe
have most strongly influenced .NET and G# in particular.

The world before C#

We’re actually going to start with Java. Although it would be a stretch to claim that
C# and .NET definitely wouldn’t have come into being without Java, it would also be
hard to argue that it had no effect. Java 1.0 was released in January 1996 and the
world went applet mad. Briefly. Java was very slow (at the time it was 100 percent
interpreted) and most of the applets on the Web were fairly useless. The speed grad-
ually improved as justin-time compilers (JITs) were introduced, and developers
started looking at using Java on the server side instead of on the client. Java 1.2 (or
Java 2, depending on whether you talk developer version numbers or marketing ver-
sion numbers) overhauled the core libraries significantly, the servlet API and JavaSer-
ver Pages took off, and Sun’s Hotspot engine boosted the performance significantly.

3 http://linginaction.net/blogs/main/archive /2006,/06/26/Introducing-Ling-to-Amazon.aspx
* Notall the time, I hasten to add. Only when I'm coding.
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Java is reasonably portable, despite the “write once, debug everywhere” skit on Sun’s
catchphrase of “write once, run anywhere.” The idea of letting coders develop enter-
prise Java applications on Windows with friendly IDEs and then deploy (without even
recompiling) to powerful Unix servers was a compelling proposition—and clearly
something of a threat to Microsoft.

Microsoft created their own Java Virtual Machine (JVM), which had reasonable
performance and a very fast startup time, and even released an IDE for it, named J++.
However, they introduced incompatible extensions into their platform, and Sun sued
Microsoft for violating licensing terms, starting a very long (and frankly tedious) legal
battle. The main impact of this legal battle was felt long before the case was con-
cluded—while the rest of the world moved on to Java 1.2 and beyond, Microsoft’s ver-
sion of Java stayed at 1.1, which made it effectively obsolete pretty rapidly. It was clear
that whatever Microsoft’s vision of the future was, Java itself was unlikely to be a major
part of it.

In the same period, Microsoft’s Active Server Pages (ASP) gained popularity too.
After an initial launch in December 1996, two further versions were released in 1997
and 2000. ASP made dynamic web development much simpler for developers on
Microsoft servers, and eventually third parties ported it to non-Windows platforms.
Despite being a great step forward in the Windows world, ASP didn’t tend to promote
the separation of presentation logic, business logic, and data persistence, which most
of the vast array of Java web frameworks encouraged.

C# and .NET are born

C# and .NET were properly unveiled at the Professional Developers Conference
(PDC) in July 2000, although some elements had been preannounced before then,
and there had been talk about the same technologies under different names
(including COOL, COM3, and Lightning) for a long time. Not that Microsoft hadn’t
been busy with other things, of course—that year also saw both Windows Me and
Windows 2000 being released, with the latter being wildly successful compared with
the former.

Microsoft didn’t “go it alone” with C# and .NET, and indeed when the specifica-
tions for C# and the Common Language Infrastructure (CLI) were submitted to
ECMA (an international standards body), they were co-sponsored by Hewlett-Packard
and Intel along with Microsoft. ECMA ratified the specification (with some modifica-
tions), and later versions of C# and the CLI have gone through the same process. G#
and Java are “open” in different ways, with Microsoft favoring the standardization
path and Sun gradually open sourcing Java and allowing or even encouraging other
Java runtime environments. There are alternative CLI and C# implementations, the
most visible being the Mono project,” but they don’t generally implement the whole
of what we think of as the .NET Framework. Commercial reliance on and support

5 http://www.mono-project.com
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of non-Microsoft implementations is small, outside of Novell, which sponsors the
Mono project.

Although C# and .NET weren’t released until 2002 (along with Visual Studio
.NET 2002), betas were available long before then, and by the time everything was offi-
cial, G# was already a popular language. ASP.NET was launched as part of .NET 1.0, and
it was clear that Microsoft had no plans to do anything more with either “ASP Classic”
or “VB Classic’—much to the annoyance of many VB6 developers. While VB.NET looks
similar to VB6, there are enough differences to make the transition a nontrivial one—
not least of which is learning the .NET Framework. Many developers have decided to go
straight from VB6 to C#, for various reasons.

Minor updates with .NET 1.1 and the first major step: .NET 2.0

As is often the case, the 1.0 release was fairly quickly followed by .NET 1.1, which
launched with Visual Studio .NET 2003 and included C# 1.2. There were few signifi-
cant changes to either the language or the framework libraries—in a sense, it was
more of a service pack than a truly new release. Despite the small number of changes,
it’s rare to see anyone using .NET 1.0 at the time of this writing, although 1.1 is still
very much alive and kicking, partly due to the OS requirements of 2.0.

While Microsoft was busy bringing its new platform to the world, Sun (and
its other significant partners, including IBM) hadn’t left Java stagnating.
Not quite, anyway. Java 1.5 (Java 5 for the marketing folk among you) was

fWW"”f launched in September 2004, with easily the largest set of language
Aatttrd enhancements in any Java release, including generics, enums (supported

in a very cool way—far more object-oriented than the “named numbers”

that C# provides), an enhanced for loop (foreach to you and me), anno-

tations (read: attributes), “varargs” (broadly equivalent to parameter
arrays of C#—the params modifier), and automatic boxing/unboxing. It would be fool-
ish to suggest that all of these enhancements were due to C# having taken off (after all,
putting generics into the language had been talked about since 1997), but it’s also
worth acknowledging the competition for the mindshare of developers. For Sun,
Microsoft, and other players, it’s not just about coming up with a great language: it’s
about persuading developers to write software for their platform.

C# and Java have both been cautious when it comes to introducing powerful fea-
tures such as templates and macros from C++. Every new feature has to earn its place
in the language in terms of not just power, but also ease of use and readability—and
sometimes that can take time. For example, both Java and C# shipped without any-
thing like C++ templates to start with, and then worked out ways of providing much of
their value with as few risks and drawbacks as possible. We’ll see in chapter 3 that
although Java and C# generics look quite similar on the most superficial level, they
differ significantly under the surface.
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NOTE  The pioneering role of Microsoft Research—Microsoft Research is responsible
for some of the new directions for .NET and C#. They published a paper
on .NET generics as early as May 2001 (yes, even before .NET 1.0 had
been released!) and worked on an extension called Co (pronounced C
omega), which included—among other things—some of the ideas which
later formed LINQ. Another C# extension, Spec#, adds contracts to C#,
allowing the compiler to do more verification automatically.® We will
have to wait and see whether any or all of the ideas of Spec# eventually
become part of C# itself.

C# 2 was released in November 2005, as part of .NET 2.0 and alongside Visual Stu-
dio 2005 and VB8. Visual Studio became more productive to work with as an IDE—par-
ticularly now that refactoring was finally included—and the significant improvements
to both the language and the platform were warmly welcomed by most developers.

As a sign of just how quickly the world is moving on—and of how long it takes to
actually bring a product to market—it’s worth noting that the first announcements
about C# 3 were made at the PDC in September 2005, which was two months before
C# 2 was released. The sad part is that while it seems to take two years to bring a prod-
uct from announcement to market, it appears that the industry takes another year or
two—at least—to start widely embracing it. As mentioned earlier, many companies are
only now transitioning from .NET 1.1 to 2.0. We can only hope that it will be a shorter
path to widespread adoption of .NET 3.0 and 3.5. (C# 3 comes with .NET 3.5, although
you can use many C# 3 features while still targeting .NET 2.0. I’ll talk about the version
numbers shortly.)

One of the reasons .NET 2.0 took so long to come out is that it was being embed-
ded within SQL Server 2005, with the obvious robustness and reliability concerns that
go hand in hand with such a system. This allows .NET code to execute right inside the
database, with potential for much richer logic to sit so close to the data. Database folk
tend to be rather cautious, and only time will tell how widely this ability is used—but
it’s a powerful tool to have available if you find you need it.

“Next generation” products

In November 2006 (a year after .NET 2.0 was released), Microsoft launched Windows
Vista, Office 2007, and Exchange Server 2007. This included launching .NET 3.0,
which comes preinstalled on Vista. Over time, this is likely to aid adoption of .NET cli-
ent applications for two reasons. First, the old “.NET isn’t installed on all computers”
objection will become less relevant—you can safely assume that if the user is running
Vista, they’ll be able to run a .NET application. Second, Windows Presentation Foun-
dation (WPF) is now the rich client platform of choice for developers in Microsoft’s
view—and it’s only available from .NET.

6 http://research.microsoft.com/specsharp/
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Again, while Microsoft was busy with Vista and other products, the rest of the world
was innovating too. Lightweight frameworks have been gaining momentum, and
Object Relational Mapping (ORM) now has a significant developer mindshare, partly
due to high-quality free frameworks such as Hibernate. The SQL aspect of LINQ is
much more than just the querying side we’ve seen so far, and marks a more definite
step from Microsoft than its previous lukewarm ventures into this area, such as
ObjectSpaces. Only time will tell whether LINQ to SQL or perhaps its cousin the
ADO.NET Entity Framework hits the elusive sweet spot of making database access truly
simple—they’re certainly very promising.

Visual Studio 2008 was released in November 2007, including .NET 3.5, C# 3, and
VB9. It contains built-in support for many features that were previously only available as
extensions to Visual Studio 2005, as well as the new language and framework features.
Continuing the trend from Visual Studio 2005, a free Express edition is available for
each language. With the ability to target multiple versions of the NET Framework and
only minimal solution and project changes when migrating existing code, there is little
reason not to upgrade to Visual Studio 2008—I expect its adoption rate to be far faster
than that of Visual Studio 2005.

Dynamic languages have become increasingly important, with many options vying
for developers’ attention. Ruby—and particularly the Ruby on Rails framework—has
had a large impact (with ports for Java and .NET), and other projects such as Groovy on
the Java platform and IronRuby and IronPython on .NET are gaining support. As part
of Silverlight 2.0, Microsoft will release the Dynamic Language Runtime (DLR), which
is a layer on top of the CLR to make it more amenable to dynamic languages. Silverlight
is part of another battleground, but this time for rich Internet applications (RIAs),
where Microsoft is competing with Adobe Flex and Sun’s JavaFX. Silverlight 1.0 was
released in September 2007, but this version was based on JavaScript. At the time of this
writing, many developers are currently awaiting 1.1, which will ship with a “mini-CLR”
and cater for multiple platforms.

Historical perspective and the fight for developer support

It’s hard to describe all of these strands interweaving through history and yet keep a
bird’s-eye view of the period. Figure 1.5 shows a collection of timelines with some of
the major milestones described earlier, within different technological areas. The list is
not comprehensive, of course, but it gives some indication of which product versions
were competing at different times.

There are many ways to look at technological histories, and many untold stories
influencing events behind the scenes. It’s possible that this retrospective overempha-
sizes the influence of Java on the development of .NET and C#, and that may
well partly be due to my mixed allegiances to both technologies. However, it seems
to me that the large wars for developer support are taking place among the follow-
ing camps.
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= Native code (primarily C and C++) developers, who will have to be convinced
about the reliability and performance of managed code before changing their
habits. C++/CLI is the obvious way of dipping a toe in the water here, but its
popularity may not be all that Microsoft had hoped for.

= VB6 developers who may have antipathy toward Microsoft for abandoning their
preferred platform, but will need to decide which way to jump sooner or later—
and .NET is the most obvious choice for most people at this stage. Some may
cross straight to G#, with others making the smaller move to VB.NET.

m Scripting and dynamic language developers who value the immediacy of
changes. Familiar languages running on managed platforms can act as Trojan
horses here, encouraging developers to learn the associated frameworks for use
in their dynamic code, which then lowers the barrier to entry for learning the
traditional object-oriented languages for the relevant platform. The IronPython
programmer of today may well become the C# programmer of tomorrow.

= “Traditional” managed developers, primarily writing C#, VB.NET, or Java. Here
the war is not about whether or not running under some sort of managed envi-
ronment is a good thing, but which managed environment to use. The battle-
grounds are primarily in tools, portability, performance, and libraries, all of
which have come on in leaps and bounds. Competition between different .NET
languages is partly internal to Microsoft, with each team wanting its own lan-
guage to have the best support—and features developed primarily for one
language can often be used by another in the fullness of time.

= Web developers who have already had to move from static HTML, to dynami-
cally generated content, to a nicer user experience with Ajax. Now the age of
RIAs is upon us, with three very significant contenders in Microsoft, Adobe, and
Sun. At the time of this writing, it’s too early to tell whether there will be a clear
winner here or whether the three can all garner enough support to make them
viable for a long time to come. Although it’s possible to use a .NET-based RIA
solution with a Java-based server to some extent, the development process is sig-
nificantly easier when technologies are aligned, so capturing the market here is
important for all parties.

One thing is clear from all of this—it’s a good time to be a developer. Companies are
investing a lot of time and money in making software development a fun and profit-
able industry to be in. Given the changes we’ve seen over the last decade or so, it’s dif-
ficult to predict what programming will look like in another decade, but it’ll be a
fantastic journey getting there.

I mentioned earlier that C# 3 is effectively part of .NET 3.5. It’s worth taking a bit of
time to look at the different aspects that together make up .NET.

The .NET platform

When it was originally introduced, “.NET” was used as a catchall term for a vast range
of technologies coming from Microsoft. For instance, Windows Live ID was called
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.NET Passport despite there being no clear relationship between that and what we cur-
rently know as .NET. Fortunately things have calmed down somewhat since then. In
this section we’ll look at the various parts of .NET (at least the ones we’re interested
in) and how they have been separately versioned.

Distinguishing between language, runtime, and libraries

In several places in this book, I'll refer to three different kinds of features: features of
C# as a language, features of the runtime that provides the “engine” if you will, and fea-
tures of the .NET framework libraries. In particular, this book is heavily focused on the
language of C#, only explaining runtime and framework features when they relate to
features of G# itself. This only makes sense if there is a clear distinction between the
three. Often features will overlap, but it’s important to understand the principle of
the matter.

LANGUAGE

The language of C# is defined by its specification, which describes the format of C#
source code, including both syntax and behavior. It does not describe the platform that
the compiler output will run on, beyond a few key points at which the two interact. For
instance, the C# language requires a type called System. IDisposable, which contains
a method called Dispose. These are required in order to define the using statement.
Likewise, the platform needs to be able to support (in one form or other) both value
types and reference types, along with garbage collection.

In theory, any platform that supports the required features could have a G# compiler
targeting it. For example, a G# compiler could legitimately produce output in a form
other than the Intermediate Language (IL), which is the typical output at the time of
this writing. A runtime could legitimately interpret the output of a C# compiler rather
than JIT-compiling it. In practice, although interpreting IL is possible (and indeed sup-
ported by Mono), we are unlikely to see widespread use of C# on platforms that are very
different from .NET.

RUNTIME

The runtime aspect of the .NET platform is the relatively small amount of code that is
responsible for making sure that programs written in IL execute according to the CLI
specification, partitions I to III. The runtime part of the CLI is called the Common
Language Runtime (CLR). When I refer to the CLR in the rest of the book, I mean
Microsoft’s implementation.

Some elements of language never appear at the runtime level, but others cross the
divide. For instance, enumerators aren’t defined at a runtime level, and neither is any
particular meaning attached to the IDisposable interface—but arrays and delegates
are important to the runtime.

FRAMEWORK LIBRARIES

Libraries provide code that is available to our programs. The framework libraries in
.NET are largely built as IL themselves, with native code used only where necessary. This
is a mark of the strength of the runtime: your own code isn’t expected to be a second-
class citizen—it can provide the same kind of power and performance as the libraries
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it utilizes. The amount of code in the library is much larger than that of the runtime,
in the same way that there’s much more to a car than the engine.

The .NET libraries are partially standardized. Partition IV of the CLI specification
provides a number of different profiles (compact and kernel) and libraries. Partition IV
comes in two parts—a general textual description of the libraries, including which
libraries are required within which profiles, and another part containing the details of
the libraries themselves in XML format. This is the same form of documentation pro-
duced when you use XML comments within C#.

There is much within .NET that is not within the base libraries. If you write a pro-
gram that only uses libraries from the specification, and only uses them correctly, you
should find your code works flawlessly on any implementation—Mono, .NET, or any-
thing else. In practice, almost any program of any size will use libraries that aren’t
standardized—Windows Forms or ASP.NET, for instance. The Mono project has its
own libraries that are not part of .NET as well, of course, such as GTK#, in addition to
implementing many of the nonstandardized libraries.

The term .NET refers to the combination of the runtime and libraries provided by
Microsoft, and it also includes compilers for C# and VB.NET. It can be seen as a whole
development platform built on top of Windows.

Now that we know what term means what, we can look at different versions avail-
able of each. The subject of the version numbers chosen by Microsoft and what’s in
which version is a slightly convoluted one, but it’s important that we all agree on what
we mean when we talk about a particular version.

Untangling version number chaos

A newcomer to the industry might think that coming up with version numbers would
be easy. You start with 1, then move on to 2, then 3 in a logical progression, right? If only
that were the case... Software products and projects of all natures like to keep minor
version changes distinct from major ones, and then there are patch levels, service packs,
build numbers, and so forth. In addition, there are the codenames, which are widely used
and then abandoned, much to the frustration of “bleeding edge” book authors and
publishers. Fortunately from the point of view of C# as a language we can make life rea-
sonably straightforward.

NOTE Keeping it simple: C# 1, C# 2, and C# 3—Throughout this book, I'll refer to
C# versions as just 1, 2, and 3. There’s little point in distinguishing
between the two 1.x versions, and no point in adding a cumbersome
extra “.0” every time I refer to the different versions—which of course I'll
be doing quite a lot.

We don’t just need to keep track of the language, unfortunately. There are five things
we’re interested in, when it comes to versioning.

= The .NET Framework

= Framework libraries

= The CLR
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»  C# (the version of the compiler that comes with the framework)
» Visual Studio—version number and codename

Just for kicks, we’ll throw in the Visual Basic numbering and naming too. (Visual Stu-
dio is abbreviated to VS and Visual Basic is abbreviated to VB for reasons of space.)
Table 1.1 shows the different version numbers.

Table 1.1 Cross-reference table for versions of different products and technologies

.NET "b':':'i';z“(’z::x) CLR | c# Visual Studio Visual Basic
1.0 | 1.0 1.0 | 1.0 | VS.NET 2002 (no codename) | VB.NET 7.0
11 | 1.1 1.4 | 1.2% | VS .NET 2003 (Everett) VB.NET 7.1
2.0 | 2.0 2.0 | 2.0 | VS 2005 (Whidbey) VB 8.0

3.0 3.0 2.0 2.0 VS 2005 (extension previews), | VB 8.0

VS 2008 (full support)

3.5 3.5 2.0 3.0 VS 2008 (Orcas) VB 9.0

a. I've no idea why this isn’t 1.1. | only discovered that it was 1.2 while researching this book. That'’s the
numbering according to Microsoft’s version of the specification, at least. | decided not to confuse matters
further by also including the ECMA-334 edition number here, although that’s another story in its own right.

Note how both Visual Studio and Visual Basic lost the “.NET” moniker between 2003
and 2005, indicating Microsoft’s emphasis on this being #he tool for Windows devel-
opment, as far as they’re concerned.

As you can see, so far the version of the overall framework has followed the librar-
ies exactly. However, it would be possible for a new version of the CLR with more capa-
bilities to still be released with the existing libraries, so we could (for instance) have
.NET 4.0 with libraries from 3.5, a CLR 3.0, and a C# 3 compiler. Let’s hope it doesn’t
come to that. As it is, Microsoft has already confounded developers somewhat with the
last two lines of the table.

.NET 3.0 is really just the addition of four libraries: Windows Presentation Foun-
dation (WPF), Windows Communication Foundation (WCF), Windows Workflow
Foundation (WF’), and Windows CardSpace. None of the existing library classes
were changed, and neither was the CLR, nor any of the languages targeting the CLR,
so creating a whole new major version number for this feels a bit over the top.

Next comes .NET 3.5. This time, along with completely new classes (notably LINQ)
there are many enhancements to the base class libraries (BCL—types within the
namespaces such as System, System. I0; the core of the framework libraries). There’s a
new version of G#, without which this book would be considerably shorter, and a new ver-
sion of Visual Studio to support thatand VB 9.0. Apparently all of thatisn’t worth a major
version number change, though. There are service packs for both .NET 2.0 and 3.0, and

7 Not WWF due to wrestling and wildlife conflicts.



28

14

14.1

CHAPTER 1 The changing face of C# development

both service packs ship with Visual Studio 2008—so while you can target .NET 2.0
and 3.0 with the latest and greatest IDE (as well as 3.5, of course) you should be aware
that what you’ll really be compiling and running against is 2.0SP1, 3.0SP1 or 3.5.

OK, rant over. It’s only version numbers, after all—but it s important to under-
stand what each version means, if for no other reason than communication. If some-
one says they’re using “3.0” you need to check whether they mean C# 3 or .NET 3.0.

If all this talk of history and versioning is making you want to get back onto the
familiar ground of actual programming, don’t worry—we’re nearly there. Indeed, if
you fancy writing some code right now, the next section invites you to do just that, as I
introduce the style I’ll be using for most of the examples in this book.

Fully functional code in snippet form

One of the challenges when writing a book about a computer language (other than
scripting languages) is that complete programs—ones that the reader can compile
and run with no source code other than what’s presented—get pretty long pretty
quickly. I wanted to get around this, to provide you with code that you could easily
type in and experiment with: I believe that actually #rying something is a much better
way of learning about it than just reading.

The solution I've come up with isn’t applicable to all situations, but it will serve us
well for most of the example code. It would be awful to use for “real” development,
but it’s specifically tailored to the context we’re working in: presenting and playing
with code that can be compiled and run with the minimal amount of fuss. That’s not
to say you should only use it for experimentation when reading this book—I've found
it useful as a general way of testing the behavior of small pieces of code.

Snippets and their expansions

With the right assembly references and the right using directives, you can accomplish
quite a lotin a fairly short amount of C# code—but the killer is the fluff involved in writ-
ing those using directives, then declaring a class, then declaring a Main method before
you’ve even written the first line of useful code. My examples are mostly in the form of
snippets, which ignore the fluff that gets in the way of simple programs, concentrating
on the important part. So, for example, suppose I presented the snippetin listing 1.18.

Listing 1.18 The first snippet, which simply displays two words on separate lines

foreach (string x in new string[] {"Hello", "There"})

{
}

This code clearly won’t compile on its own—there’s no class declaration, for a start. The

Console.WriteLine (x);

code from listing 1.18 corresponds to the full program shown in listing 1.19.

Listing 1.19 Expanded form of listing 1.18, creating a complete program

using System;
public class Snippet
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[STAThread]
static void Main(string[] args)
{
foreach (string x in new string[] {"Hello", "There"})

{
}

Console.WriteLine (x);

}

Occasionally extra methods or even types are required, with a bit of code in the Main
method to access them. I indicate this by listing the non-Main code, then an ellipsis
(...) and then the Main code. So the code in listing 1.20 would turn into listing 1.21.

Listing 1.20 A code snippet with an extra method, called within the Main method
static string[] GetGreetingWords ()

{

return new string[] {"Hello", "There"};

foreach (string x in GetGreetingWords())

{
}

Console.WriteLine (x);

Listing 1.21 Expanded form of listing 1.20

using System;
public class Snippet

{

static string[] GetGreetingWords ()

{
}

[STAThread]
static void Main(string[] args)

{

return new string([] {"Hello", "There"};

foreach (string x in GetGreetingWords())

{
}

Console.WriteLine (x);

}

Types declared in snippets will be nested within the Snippet class, but that’s very
rarely a problem.

Now that we understand what snippets are and what they look like when they’re
expanded, let’s make them a bit more user friendly.



30

14.2

CHAPTER 1 The changing face of C# development

Introducing Snippy

Just knowing what the code would look like isn’t terribly helpful, so I've written a small
tool that you can download from the book’s website. It’s written in WPF, so you’ll need
to have .NET 3.0 or higher installed in order to run it. Figure 1.6 shows a screenshot of
it in action.

It’s not a visual masterpiece, but it does the job. You can edit the code, compile it,
and run it. There are different options available to use different using directives and
references depending on which part of the book you are looking at, although the
choice of “NET 3.5” will compile anything that doesn’t require extra custom refer-
ences. Snippy doesn’t try to work out which using directives are actually required by the
code, so the full code is rather longer than the examples in the previous section, but
having extra using directives is harmless.

Aside from the WPF requirement to run Snippy, everything in the C# 2 section of
the book compiles and runs with only .NET 2.0 installed, and all the snippets compile
and run with .NET 3.5 installed. There’s a single button to compile and run, as you’re
unlikely to want to do anything after a successful compilation other than running
the code.

AsImentioned earlier, not all examples work this way—the examples in this chapter,
for instance, all require the Product type, which isn’t included in every snippet. From
this point on, however, I will give fair warning whenever a listing isn’t a snippet—so
unless you hear otherwise, you should be able to type it in and play around with it.

Of course, if you don’t like manually typing in code from books, you can down-
load all of the code from the book’s website, including extra examples that don’t
appear directly in the text. All the code works in the Express editions of Visual
C# 2005 and 2008, although of course the examples that are specific to C#3 don’t
run in Visual C# 2005.

# ° Snippy __ E@g

File Options

=

Code

Console_ liriteline ("Snippet code™):

Snippet code Figure 1.6 Snippy in action.
The code in the top area is

converted into a full program,
then run. Its output is shown

| .
=.)j in the bottom area.

8 Some of them may run in Visual Studio 2005 with the C# 3 extension Community Technology Preview (CTP)
installed, but I make no guarantees. The language has changed in a few ways since the final CTP was released,
and I haven’t tested any of the code in this environment. Visual C# 2008 Express is free, though, so why not
give it a try?
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Summary

In this chapter, I've shown (but not explained) some of the features that are tackled in
depth in the rest of the book. There are plenty more that haven’t been shown here,
and all the features we’ve seen so far have further “subfeatures” associated with them.
Hopefully what you’ve seen here has whetted your appetite for the rest of the book.

After looking through some actual code, we took a step back to consider the his-
tory of C# and the .NET Framework. No technology is developed in a vacuum, and
when it’s commercial (whether or not it directly comes with a price tag) you can guar-
antee that the funding body sees a business opportunity in that development. I've not
been through Microsoft’s internal company memos, nor have I interviewed Bill Gates,
but I've given my view on the reasons Microsoft has invested so much in .NET, and
what the rest of the world has been doing in the same period. By talking around the
language, I hope I've made you more comfortable in the language, and what it’s try-
ing to achieve.

We then performed a little detour by way of version numbers. This was mainly to
make sure that you’ll understand what I mean when I refer to particular .NET and C#
version numbers (and how different those two can be!), but it might also help when
talking with other people who may not have quite as clear a grasp on the matter as you
now do. It’s important to be able to get to the bottom of what people actually mean
when they talk about a particular version, and with the information in this chapter you
should be able to ask appropriate questions to get an accurate picture. This could be
particularly useful if you ever talk to other developers in a support role—establishing
the operating environment is always critical.

Finally, I described how code will be presented in this book, and introduced
Snippy, the application you can use to run the code quickly if you don’t want to down-
load the full set of complete samples from the book’s website. This system of code
snippets is designed to pack the book with the really interesting parts of code samples—
the bits that demonstrate the language features I'll be explaining—without removing
the possibility of actually running the code yourself.

There’s one more area we need to cover before we dive into the features of C# 2, and
that’s C# 1. Obviously as an author I have no idea how knowledgeable you are about
G# 1, butI do have some understanding of which areas of C# 1 are typically understood
fairly vaguely. Some of these areas are critical to getting the most out of C#2 and 3, so
in the next chapter I'll go over them in some detail.
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This chapter covers

m Delegates
m Type system characteristics
m Value/reference types

This is not a refresher on the whole of C# 1. Let’s get that out of the way immedi-
ately. I couldn’t do justice to any topic in C# if I had to cover the whole of the first
version in a single chapter. I've written this book assuming that all my readers are at
least reasonably competent in G# 1. What counts as “reasonably competent” is, of
course, a2 somewhat subjective matter, but I’ll assume you would at least be happy to
walk into an interview for a junior G# developer role and answer technical ques-
tions appropriate to that job. My expectation is that many readers will have more
experience, but that’s the level of knowledge I'm assuming.

In this chapter we’re going to focus on three areas of C# 1 that are particularly
important for C# 2 and 3. This should raise the “lowest common denominator” a lit-
tle, so that I can make slightly greater assumptions later on in the book. Given that
it is a2 lowest common denominator, you may well find you already have a perfect

32
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understanding of all the concepts in this chapter. If you believe that’s the case without
even reading the chapter, then feel free to skip it. You can always come back later if it
turns out something wasn’t as simple as you thought. You might want to at least look at
the summary at the end of each section, which highlights the important points—if any
of those sound unfamiliar, it’s worth reading that section in detail.

You may be wondering why I’ve included this chapter at all, if I've already assumed
you know C# 1. Well, my experience is that some of the fundamental aspects of C#
tend to be fudged over, both in books and tutorials. As a result, there’s a lot of some-
what hazy understanding of these concepts among developers—creating a lot of ques-
tions (and occasional well-intentioned but ill-informed answers) in the C# newsgroup,
for instance.

The misunderstood concepts tend to be about the type system used by C# and
.NET, and the details around it. If those concepts weren’t important when learning
about C#2 and 3, I wouldn’t have included this chapter, but as it happens they’re
absolutely crucial to the rest of the book. It’s hard to come to grips with generics if you
don’t understand static typing, for instance, or to understand the problem solved by
nullable types if the difference between value types and reference types is a bit of a
blur. There’s no shame in having an incomplete understanding of these concepts—
often the details and differences are only important in certain rare situations or when
discussing technicalities. Given that, a more thorough understanding of the language
in which you’re working is always a good thing.

In this chapter we’ll be looking at three high-level concepts:

= Delegates
= Type system characteristics
= Value types and reference types

In each case I'll describe the ideas and behavior, as well as take the opportunity to
define terms so that I can use them later on. After we’ve looked at how C# 1 works, I'll
show you a quick preview of how many of the new features in C# 2 and 3 relate to the
topics examined in this chapter.

Delegates

I'm sure you already have an instinctive idea about the concept of a delegate, hard as
it can be to articulate. If you’re familiar with C and had to describe delegates to
another C programmer, the term “function pointer” would no doubt crop up. Essen-
tially, delegates provide a way of giving a level of indirection, so that instead of specify-
ing behavior directly, it can be in some way “contained” in an object, which can be
used like any other object, where one available option is to execute the encapsulated
behavior. Alternatively, you can think of a delegate type as a single-method interface,
and a delegate instance as an object implementing that interface.

If that’s just a lot of gobbledygook to you, maybe an example will help. It’s slightly
morbid, but it does capture what delegates are all about. Consider your will—that is,
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your last will and testament. It is a set of instructions—“pay the bills, make a donation
to charity, leave the rest of my estate to the cat,” for instance. You write it before your
death, and leave it in an appropriately safe place. Afier your death, your attorney will
(you hope!) act on those instructions.

A delegate in G# acts like your will does in the real world—as a sequence of actions
to be executed at the appropriate time. Delegates are typically used when the code that
wants to execute the actions doesn’t know the details of what that action should be. For
instance, the only reason that the Thread class knows what to run in a new thread when
you start it is because you provide it with a ThreadStart delegate instance.

We’ll start our tour of delegates with the four absolute basics, without which none
of the rest would make sense.

A recipe for simple delegates

In order for delegates to do anything, four things need to happen:

The delegate type needs to be declared.

There must be a method containing the code to execute.

A delegate instance must be created.

The delegate instance must be invoked.

Let’s take each of the steps of this recipe in turn.

DECLARING THE DELEGATE TYPE
A delegate type is effectively just a list of parameter types and a return type. It specifies

what kind of action can be represented by instances of the type. For instance, consider
a delegate type declared like this:

delegate void StringProcessor (string input) ;

The code says that if we want to create an instance of StringProcessor, we’re going to
need a method with one parameter (a string) and a void return type (the method
doesn’t return anything). It’s important to understand that StringProcessor really is
atype. Ithas methods, you can create instances of it, pass around references to instances,
the whole works. There are obviously a few “special features,” but if you're ever stuck
wondering what will happen in a particular situation, first think about what would hap-
pen if you were just using a “normal” reference type.

NOTE  Source of confusion: the ambiguous term “delegate™—Delegates are often mis-
understood because the word “delegate” is used to describe both a “dele-
gate type” and a “delegate instance.” The distinction between these two is
exactly the same as the one that exists between any other type and
instances of that type—the string type itself is different from a particular
sequence of characters, for example. I've used the terms “delegate type”
and “delegate instance” throughout this chapter to try to keep it clear
exactly what I'm talking about at any point.

We’ll use the StringProcessor delegate type when we consider the next ingredient.
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FINDING AN APPROPRIATE METHOD FOR THE DELEGATE INSTANCE’S ACTION
In .NET, delegate instances always refer to methods. Our next ingredient is to find (or

write, of course) a method that does what we want and has the same signature as the del-
egate type we’re using. The idea is to make sure that when we try to invoke a delegate
instance, the parameters we use will all match up and we’ll be able to use the return value
(if any) in the way we expect—just like a normal method call.
Now consider these five method signatures as candidates to be used for a String-
Processor instance:

void PrintString (string x)

void PrintInteger (int x)

void PrintTwoStrings (string x, string y)

int GetStringLength (string x)

void PrintObject (object x)
The first method has everything right, so we can use it to create a delegate instance.
The second method takes one parameter, but it’s not string, so it’s incompatible with
StringProcessor. The third method has the correct first parameter type, but it has
another parameter as well, so it’s still incompatible.

The fourth method has the right parameter list but a nonvoid return type. (If our
delegate type had a return type, the return type of the method would have to match
that too.) The fifth method is interesting—any time we invoke a StringProcessor
instance we could call the PrintObject method with the same arguments, because
string derives from object. It would make sense to be able to use it for an instance of
StringProcessor, but G#1 limits the delegate to have exactly the same parameter
types.! CG#2 changes this situation—see chapter 5 for more details. In some ways the
fourth method is similar, as you could always ignore the unwanted return value. How-
ever, void and nonvoid return types are currently always deemed to be incompatible.

Let’s assume we’ve got a method body for the compatible signature (PrintString)
and move on to our next ingredient—the delegate instance itself.

CREATING A DELEGATE INSTANCE
Now that we’ve got a delegate type and a method with the right signature, we can create

an instance of that delegate type, specifying that this method be executed when the del-
egate instance is invoked. There’s no good official terminology defined for this, but for
this book I'will callit the action of the delegate instance. The exactform of the expression
used to create the delegate instance depends on whether the action uses an instance
method or a static method. Suppose PrintString is a static method in a type called
StaticMethods and an instance method in a type called InstanceMethods. Here are two
examples of creating an instance of StringProcessor:

StringProcessor procl, proc2;
procl = new StringProcessor (StaticMethods.PrintString) ;

InstanceMethods instance = new InstanceMethods () ;
proc2 = new StringProcessor (instance.PrintString) ;

1

As well as the parameter types, you have to match whether the parameter is in (the default), out, or ref. It’s
reasonably rare to use out/ref parameters with delegates, though.
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When the action is a static method, you only need to specify the type name. When the
action is an instance method, you need an instance of the type (or a derived type)—
just as if you were calling the method in the normal way. This object is called the target
of the action, and when the delegate instance is invoked, the method will be called on
that object. If the action is within the same class (as it often is, particularly when
you’re writing event handlers in UI code), you don’t need to qualify it either way—the
this reference is used implicitly for instance methods.? Again, these rules act just as if
you were calling the method directly.

NOTE  Ulter garbage! (Or not, as the case may be...)—It’s worth being aware that a
delegate instance will prevent its target from being garbage collected, if
the delegate instance itself can’t be collected. This can result in appar-
ent memory leaks, particularly when a “shortlived” object subscribes to
an event in a “long-lived” object, using itself as the target. The long-lived
object indirectly holds a reference to the short-lived one, prolonging
its lifetime. ~ BXrRA
There’s not much point in creating a delegate instance if it doesn’t get invoked at
some point. Let’s look at our last step—the invocation.

INVOKING A DELEGATE INSTANCE
This is the really easy bit>—it’s just a case of calling a method on the delegate instance.

The method itself is called Invoke, and it’s always present in a delegate type with the
same list of parameters and return type that the delegate type declaration specifies. So
in our case, there’s a method like this:

void Invoke (string input)

Calling Invoke will execute the action of the delegate | procl ("Hello"); |

instance, passing on whatever parameters you’ve

specified in the call to Invoke, and (if the return type ~ Compiles fo..

isn’t void) returning the return value of the action.
Simple as this is, C# makes it even easier—if you | procl.Invoke ("Hello"); |

have a variable* whose type is a delegate type, you can  which at

treat it as if it were a method itself. It’s easiest to see this ~ €xecution
time invokes...

happening as a chain of events occurring at different
times, as shown in figure 2.1. | PrintString ("Hello") ; |

So, that’s simple too. All our 1ngre(:1€nt.s are in Figure 2.1 Processing a call to a
place, so we can preheat our CLR to 220°F, stir every-  gelegate instance that uses the C#
thing together, and see what happens. shorthand syntax

Of course, if the action is an instance method and you’re trying to create a delegate instance from within a
static method, you’ll still need to provide a reference to be the target.

For synchronous invocation, anyway. You can use BeginInvoke and EndInvoke to invoke a delegate instance
asynchronously, but that’s beyond the scope of this chapter.

Or any other kind of expression—but it’s usually a variable.
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A COMPLETE EXAMPLE AND SOME MOTIVATION
It’s easiest to see all this in action in a complete example—finally, something we can

actually run! As there are lots of bits and pieces going on, I've included the whole
source code this time rather than using snippets. There’s nothing mind-blowing in list-
ing 2.1, so don’t expect to be amazed—it’s just useful to have concrete code to discuss.

Listing 2.1 Using delegates in a variety of simple ways

using System; J Declares
delegate void StringProcessor (string input) ; delegate type
class Person

string name;

public Person (string name)

{

this.name = name;

} ﬁ Declares compatible
public void Say (string message) instance method

{
Console.WriteLine ("{0} says: {1}", name, message) ;
}
1
class Background
{ J Declares compatible
public static void Note (string note) static method
{
Console.WriteLine (" ({0})", note);
1
1
class SimpleDelegateUse
{
static void Main ()
{
Person jon = new Person ("Jon") ;
Person tom = new Person ("Tom") ;
StringProcessor jonsVoice, tomsVoice, background; Creates
jonsVoice = new StringProcessor (jon.Say) ; three
tomsVoice = new StringProcessor (tom.Say) ; f:lelegate
background = new StringProcessor (Background.Note) ; instances
jonsVoice ("Hello, son.") ;
tomsVoice.Invoke ("Hello, Daddy!") ; /6 !nvokes delegate
background ("An airplane flies past."); instances
}
1

To start with, we declare the delegate type ©. Next, we create two methods (@
and @) that are both compatible with the delegate type. We've got one instance
method (Person.Say) and one static method (Background.Note) so that we can see
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how they’re used differently when we create the delegate instances @. We've cre-
ated two instances of the Person class so that we can see the difference that the tar-
get of a delegate makes. When jonsVoice is invoked ©, it calls the say method on
the Person object with the name jJon; likewise, when tomsVoice is invoked, it uses
the object with the name 7Tom. I've included both the ways we’ve seen of invoking
delegate instances—calling Invoke explicitly and using the C# shorthand—just for
interest’s sake. Normally you’d just use the shorthand. The output for listing 2.1 is
fairly obvious:

Jon says: Hello, son.

Tom says: Hello, Daddy!

(An airplane flies past.)
Frankly, there’s an awful lot of code in listing 2.1 to display three lines of output. Even
if we wanted to use the Person class and the Background class, there’s no real need to
use delegates here. So what’s the point? Why can’t we just call methods directly? The
answer lies in our original example of an attorney executing a will—just because you
want something to happen, that doesn’t mean you’re always there at the right time
and place to make it happen yourself. Sometimes you need to give instructions—to
delegate responsibility, as it were.
I should stress that back in the world of software, this isn’t a matter of
objects leaving dying wishes. Often the object that first creates a dele-
gate instance is still alive and well when the delegate instance is

epistnd invoked. Instead, it’s about specifying some code to be executed at a

21.2

particular time, when you may not be able to (or may not want to)

change the code that is running at that point. If I want something to

happen when a button is clicked, I don’t want to have to change the

code of the button—I just want to tell the button to call one of my meth-

ods that will take the appropriate action. It’s a matter of adding a level of

indirection—as so much of object-oriented programming is. As we’ve seen, this adds

complexity (look at how many lines of code it took to produce so little output!) but
also flexibility.

Now that we understand a bit more about simple delegates, we’ll take a brief look at

combining delegates together to execute a whole bunch of actions instead of just one.

Combining and removing delegates

So far, all the delegate instances we’ve looked at have had a single action. The truth is
alittle bit more complicated: a delegate instance actually has a list of actions associated
with it. This is called the invocation list of the delegate instance. The static Combine and
Remove methods of the System.Delegate type are responsible for creating new dele-
gate instances by respectively splicing together the invocation lists of two delegate
instances or removing the invocation list of one delegate instance from another.
Before we look at the details, it’s important to note that delegate instances are
immutable. Once you’ve created a delegate instance, nothing about it can be changed.
This makes it safe to pass around delegate instances and combine them with others
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without worrying about consistency, thread safety, or anyone trying to change their
actions. This is just the same with delegate instances as it is with strings, which are
also immutable. The reason for mentioning this is that Delegate.Combine is just like
String.Concat—they both combine existing instances together to form a new one
without changing the original objects at all. In the case of delegate instances, the
original invocation lists are concatenated together. Note that if you ever try to com-
bine null with a delegate instance, the null is treated as if it were a delegate
instance with an empty invocation list.

You’ll rarely see an explicit call to Delegate.
Combine in C# code—usually the + and += opera-
tors are used. Figure 2.2 shows the translation
process, where x and y are both variables of the
same (or compatible) delegate types. All of this is
done by the C# compiler.

As you can see, it’s a straightforward transfor- x = Delegate.Combine (x, y);
mation, but it does make the code a lot neater.

Figure 2.2 The transformation process

) used for the C# shorthand syntax for
you can remove one from another with the combining delegate instances

Delegate.Remove method, and C# uses the short-
hand of the - and -= operators in the obvious way. Delegate.Remove (source, value)
creates a new delegate whose invocation list is the one from source, with the list from
value having been removed. If the result would have an empty invocation list, null
is returned.

Table 2.1 shows some examples of the results of combining and removing delegate
instances. I've used the notation [a, b, c] to indicate a delegate with an invocation
list of actions a, b, and ¢ (whatever they may happen to be).

Just as you can combine delegate instances,

Table 2.1 A selection of examples of combining and removing delegates, showing what the result

is and why
Operation Result Notes
fa] + [b] [a, b] -
[a] +null [a] null counts as an empty invocation list.
null + [a] [a] -
[a] + [b, c] [a, b, c] -
[a, b] + [b, c] [a, b, b, c] Duplicates are allowed.
[a, b, c] - [b] [a, c] The removal list doesn’t have to be at the end...
[a, b, ¢, d, b, c] - [b, c] [a, b, ¢, d] ... but the last occurrence of the removal list is
removed.
[a] - [b] [a] No-op removal of nonexistent list.
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Table 2.1 A selection of examples of combining and removing delegates, showing what the result
is and why (continued)

Operation Result Notes
[a, b, ¢, d, e]l - [a, ¢, e] [a, b, ¢, d, e] | The removal list must be present as a sublist;
it's not just removing each element of the
removal list.
[a, b] - [a, b] null null is returned for an empty invocation list.

When a delegate instance is invoked, all its actions are executed in order. If the dele-
gate’s signature has a nonvoid return type, the value returned by Invoke is the value
returned by the last action executed. It’s quite rare to see a nonvoid delegate instance
with more than one action in its invocation list, because it means the return values of
all the other actions are never seen.

If any of the actions in the invocation list throws an exception, that prevents any of
the subsequent actions from being executed. For example, if a delegate instance with
an action list [a, b, c] isinvoked, and action b throws an exception, then the exception
will be propagated immediately and action ¢ won’t be executed.

Combining and removing delegate instances is particularly useful when it comes to
events. Now that we understand what combining and removing involves, we can sensi-
bly talk about what events are.

A brief diversion into events

You probably have an instinctive idea about the overall point of events—particularly if
you’ve written any UIs. The idea is that an event allows code to react when something
happens—saving a file when the appropriate button is clicked, for example. In this
case, the event is the button being clicked, and the action is the saving of the file.
Understanding the reason for the concept isn’t the same as understanding how C#
defines events in language terms, however.

Developers often get confused between events and delegate instances, or between
events and delegate type fields. The difference is important: events aren’t delegate type
fields. The reason for the confusion is that yet again, C# provides a shorthand, in the
form of field-like events. We’ll come to those in a minute, but first let’s consider what
events consist of as far as the C# compiler is concerned.

I think it’s helpful to think of events as being very similar to properties.

Eventy To start with, both of them are declared to be of a certain type, which in

e UKZ the case of an event is forced to be a delegate type. When you use proper-

pr ot ties, it looks like you’re fetching or assigning values directly to fields, but
W you're actually calling methods (getters and setters). The property imple-

Aot mentation can do what it likes within those methods—it just happens

that most properties are implemented with simple fields backing them,
sometimes with some validation in the setter and sometimes with some thread safety
thrown in for good measure.
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Likewise, when you subscribe to or unsubscribe from an event, it looks like you're
using a field whose type is a delegate type, with the += and -= operators. Again,
though, you’re actually calling methods (add and remove®). That’s all you can do with
a pure event—subscribe to it (add an event handler) or unsubscribe from it (remove
an event handler). It’s up to the event methods to do something useful—such as tak-
ing notice of the event handlers you’re trying to add and remove, and making them
available elsewhere within the class.

The reason for having events in the first place is very much like the reason for
having properties—they add a layer of encapsulation. Just as you don’t want other
code to be able to set field values without the owner at least having the option of val-
idating the new value, you often don’t want code outside a class to be able to arbi-
trarily change (or call) the handlers for an event. Of course, a class can add methods
to give extra access—for instance, to reset the list of handlers for an event, or to
raise the event (in other words, call its event handlers). For example, Background-
Worker.OnProgressChanged just calls the ProgressChanged event handlers. How-
ever, if you only expose the event itself, code outside the class only has the ability to
add and remove handlers.

Field-like events make the implementation of all of this much simpler to look at—a
single declaration and you’re done. The compiler turns the declaration into both an
event with default add/remove implementations, and a private delegate type field.
Code inside the class sees the field; code outside the class only sees the event. This
makes it look as if you can invoke an event—but what you actually do to call the event
handlers is invoke the delegate instance stored in the field.

The details of events are outside the scope of this chapter—events themselves haven’t
changed significantly in G# 2 or 3—but I wanted to draw attention to the difference
between delegate instances and events now, to prevent it causing confusion later on.

2.1.4 Summary of delegates
So, to summarize what we’ve covered on delegates:

= Delegates allow behavior to be encapsulated.

= The declaration of a delegate type controls which methods can be used to cre-
ate delegate instances.

= Creating a delegate instance requires a method and (for instance methods) a
target to call the method on.

= Delegate instances are immutable.

= Delegate instances each contain an invocation list—a list of actions.

= Delegate instances can be combined together and removed from each other.

= Events are not delegate instances—they’re just add/remove method pairs
(think property getters/setters).

° These aren’t their names in the compiled code; otherwise you could only have one event per type. The com-
piler creates two methods with names that aren’t used elsewhere, and a special piece of metadata to let other
types know that there’s an event with the given name, and what its add/remove methods are called.
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Delegates are one very specific feature of C# and .NET—a detail, in the grand scheme
of things. Both of the other “reminder” sections in this chapter deal with much
broader topics. First, we will consider what it means to talk about C# being a statically
typed language and the implications that has.

Type system characteristics

Almost every programming language has a type system of some kind. Over time, these
have been classified as strong/weak, safe/unsafe, static/dynamic, and no doubt some
more esoteric variations. It’s obviously important to understand the type system with
which one is working, and it’s reasonable to expect that knowing the categories into
which a language falls would give a lot of information to help on that front. However,
because the terms are used to mean somewhat different things by different people,
miscommunication is almost inevitable. I’ll try to say exactly what I mean by each term
to avoid confusion as much as possible.

One important thing to note is that this section is only applicable to “safe” code—
which means all C# code that isn’t explicitly within an unsafe context. As you might
judge from the name, code within an unsafe context can do various things that safe
code can’t, and that may violate some aspects of normal type safety. Most developers
are unlikely ever to need to write unsafe code, and the characteristics of the type sys-
tem are far simpler to describe and understand when only safe code is considered.

This section shows what restrictions are and aren’t enforced in C# 1 while defin-
ing some terms to describe that behavior. We’ll then see a few things we can’t do
with C# 1—first from the point of view of what we can’ tell the compiler, and then
from the point of view of what we wish we didn’t have to tell the compiler.

Let’s start off with what G# 1 does, and what terminology is usually used to describe
that kind of behavior.

C#’s place in the world of type systems

It’s easiest to begin by making a statement, and then clarify what it actually means and
what the alternatives might be:

C# 1’s type system is stalic, explicit, and safe.

You might well have expected the word strong to appear in the list, and I had half a
mind to include it. However, while most people can reasonably agree on whether a
language has the listed characteristics, deciding whether or not a language is strongly
lyped can cause heated debate because the definitions vary so wildly. Some meanings
(those preventing any conversions, explicit or implicit) would clearly rule C# out—
whereas others are quite close to (or even the same as) statically typed, which would
include C#. Most of the articles and books I've read that describe C# as a strongly
typed language are effectively using it to mean statically typed. I've used the word static
here to try to minimize the potential for confusion—although it should be noted that
it has little in common with the common understanding of the keyword static used
within code itself as related to the type rather than a particular instance.
Let’s take the terms in the definition one at a time and shed some light on them.
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STATIC TYPING VS. DYNAMIC TYPING
C# is statically typed: each variable® is of a particular type, and that type is known at

compile time. Only operations that are known about for that type are allowed, and
this is enforced by the compiler. Consider this example of enforcement:

object o = "hello";

Console.WriteLine (o.Length) ;
Now as developers looking at the code, we obviously know that the value of o refers to
a string, and that the string type has a Length property, but the compiler only thinks
of o as being of type object. If we want to get to the Length property, we have to tell
the compiler that the value of o actually refers to a string:

object o = "hello";

Console.WriteLine (((string)o) .Length) ;
The alternative to static typing is dynamic typing, which can take a variety of guises. The
essence of dynamic typing is to say that variables just have values—they aren’t
restricted to particular types, so the compiler can’t perform the same sort of checks.
Instead, the execution environment attempts to understand any given expression in
an appropriate manner for the value involved. For example, if C# were dynamically
typed, we could do this:

o = "hello";
Console.WriteLine (o.Length) ;
o = new string[] {"hi", "there"};

Console.WriteLine (o.Length) ;

This would be using two completely unrelated Length properties—String.Length and
Array.Length—by examining the types dynamically at execution time. Like many areas
of defining type systems, there are different levels of dynamic typing. Some languages
allow you to specify types where you want to—possibly still treating them dynamically
apart from assignment—but let you use untyped variables elsewhere.

EXPLICIT TYPING VS. IMPLICIT TYPING
The distinction between explicit typingand implicit typingis only relevantin statically typed

languages. With explicit typing, the type of every variable must be explicitly stated in the
declaration. Implicit typing allows the compiler to infer the type of the variable based
on its use. For example, the language could dictate that the type of the variable is the
type of the expression used to assign the initial value.

Consider a hypothetical language that uses the keyword var to indicate type infer-
ence.” Table 2.2 shows how code in such a language could be written in C# 1. The
code in the left column is not allowed in G# 1, but the code in the right column is the
equivalent valid code.

This applies to most expressions too, but not quite all of them. There are certain expressions which don’t have

a type, such as void method invocations, but this doesn’t affect C#’s status of being statically typed. I've used the
word variable throughout this section to avoid unnecessary brain strain.

OK, not so hypothetical. See section 8.2 for C# 3’s implicitly typed local variable capabilities.
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Invalid C#1—implicit typing Valid C#1—explicit typing

var s = "hello"; string s = "hello"; .
var x = s.Length; int x = s.Length; Z?fl;le 2.2 A: (:xample.sh(:yv!:g thz
var twiceX = X*2; int twiceX = x*2; frerences between Implicit an

explicit typing

Hopefully it’s clear why this is only relevant for statically typed situations: for both
implicit and explicit typing, the type of the variable is known at compile time, even if
it’s not explicitly stated. In a dynamic context, the variable doesn’t even have a type to
state or infer.

TYPE-SAFE VS. TYPE-UNSAFE

The easiest way of describing a type-safe system is to describe its opposite. Some lan-
guages (I'm thinking particularly of C and C++) allow you to do some really devious
things. They’re potentially powerful in the right situations, but with great power
comes a free pack of donuts, or however the expression goes—and the right situations
are relatively rare. Some of these devious things can shoot you in the foot if you get
them wrong. Abusing the type system is one of them.

With the right voodoo rituals, you can persuade these languages to treat a value of
one type as if it were a value of a completely different type without applying any conver-
sions. I don’t just mean calling a method that happens to be called the same thing, as
in our dynamic typing example earlier. I mean some code that looks at the raw bytes
within a value and interprets them in the “wrong” way. Listing 2.2 gives a simple C
example of what I mean.

Listing 2.2 Demonstrating a type-unsafe system with C code

#include <stdio.h>

int main(int argc, char **argv)

{ char *first arg = argv([1l];
int *first arg as_int = (int *)first arg;
printf ("%d", *first_arg as_int);

}

If you compile listing 2.2 and run it with a simple argument of "hello", you will see
a value of 1819043176—at least on a little-endian architecture with a compiler treat-
ing int as 32 bits and char as 8 bits, and where text is represented in ASCII or UTF-8.
The code is treating the char pointer as an int pointer, so dereferencing it returns
the first 4 bytes of text, treating them as a number.

In fact, this tiny example is quite tame compared with other potential abuses—
casting between completely unrelated structs can easily result in total mayhem. It’s not
that this actually happens in real life very often, but some elements of the C typing sys-
tem often mean you’ll have to tell the compiler what to do, leaving it no option but to
trust you even at execution time.

Fortunately, none of this occurs in C#. Yes, there are plenty of conversions avail-
able, but you can’t pretend that data for one particular type of object is actually data
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for a different type. You can try by adding a cast to give the compiler this extra (and
incorrect) information, but if the compiler spots that it’s actually impossible for that
cast to work, it will trigger a compilation error—and if it’s theoretically allowed but
actually incorrect at execution time, the CLR will throw an exception.

Now that we know a little about how C# 1 fits into the bigger picture of type sys-
tems, I’d like to mention a few downsides of its choices. That’s not to say the choices
are wrong—ijust limiting in some ways. Often language designers have to choose
between different paths that add different limitations or have other undesirable con-
sequences. I'll start with the case where you want to tell the compiler more informa-
tion, but there’s no way of doing so.

When is C#1’s type system not rich enough?

There are two common situations where you might want to expose more information
to the caller of a method, or perhaps force the caller to limit what they provide in
their arguments. The first involves collections, and the second involves inheritance
and overriding methods or implementing interfaces. We’ll examine each in turn.

COLLECTIONS, STRONG AND WEAK
Having avoided the terms strong and weak for the C# type system in general, I'll use

them when talking about collections. They’re used almost everywhere in this context,
with little room for ambiguity. Broadly speaking, three kinds of collection types are
built into .NET 1.1:

= Arrays—strongly typed—which are built into both the language and the runtime

= The weakly typed collections in the System.Collections namespace

= The strongly typed collections in the System.Collections.Specialized
namespace

Arrays are strongly typed,® so at compile time you can’t set an element of a string[] to
be a FileStream, for instance. However, reference type arrays also support covariance,
which provides an implicit conversion from one type of array to another, so long as
there’s a conversion between the element types. Checks occur at execution time to
make sure that the wrong type of reference isn’t actually stored, as shown in listing 2.3.

Listing 2.3 Demonstration of the covariance of arrays, and execution time type checking

string[] strings = new string[5]; ? Applies .covariant

object [] objects = strings; conversion

Obj ects[0] = new Obj ect () ; Attempts to store
a plain “object”

If you run listing 2.3, you will see an ArrayTypeMismatchException is thrown @. This
is because the conversion from string[] to object [] @ returns the original refer-
ence—both strings and objects refer to the same array. The array itself “knows” it is

8 Atleast, the language allows them to be. You can use the Array type for weakly typed access to arrays, though.
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a string array, and will reject attempts to store references to nonstrings. Covariance is
often useful, but comes at the cost of some of the type safety being implemented at
execution time instead of compile time.

Let’s compare this with the situation that the weakly typed collections such as Array-
List and Hashtable put us in. The API of these collections uses object as the type of
keys and values. When you are writing a method that takes an ArrayList, for example,
there is no way of making sure at compile time that the caller will pass in a list of strings.
You can document it, and the type safety of the runtime will enforce it if you cast each
element of the list to string, but you don’t get compile-time type safety. Likewise, if you
return an ArrayList, you can indicate in the documentation that it will just contain
strings, but callers will have to trust that you’re telling the truth, and will have to insert
casts when they access the elements of the list.

Finally, consider the strongly typed collections such as StringCollection. These
provide an API that is strongly typed, so you can be confident that when you receive
a StringCollection as a parameter or return value it will only contain strings, and
you don’t need to cast when fetching elements of the collection. It sounds ideal, but
there are two problems. First, it implements IList, so you can still ¢y to add non-
strings to it (although you’ll fail at runtime). Second, it only deals with strings.
There are other specialized collections, but all told they don’t cover much ground.
There’s the CollectionBase type, which can be used to build your own strongly
typed collections, but that means creating a new collection type for each element
type, which is also not ideal.

Now that we’ve seen the problem with collections, let’s consider the issue that can
occur when overriding methods and implementing interfaces. It’s related to the idea
of covariance, which we’ve already seen with arrays.

LACK OF COVARIANT RETURN TYPES
ICloneable is one of the simplest interfaces in the framework. It has a single method,

Clone, which should return a copy of the object that the method is called on. Now,
leaving aside the issue of whether this should be a deep or shallow copy, let’s look at
the signature of the Clone method:

object Clone ()

It’s a straightforward signature, certainly—but as I said, the method should return a
copy of the object it’s called on. That means it needs to return an object of the same
type—or at least a compatible one (where that meaning will vary depending on the
type). It would make sense to be able to override the method with a signature that gives
a more accurate description of what the method actually returns. For example, in a
Person class it would be nice to be able to implement ICloneable with

public Person Clone ()

Thatwouldn’t break anything—code expecting any old object would still work fine. This
feature is called return type covariance but unfortunately, interface implementation and
method overriding don’t support it. Instead, the normal workaround for interfaces is
to use explicit interface implementation to achieve the desired effect:
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public Person Clone ()

{

[Implementation goes here]

} Implements
object ICloneable.Clone () interface explicitly

{

return Clone () ; Calls noninterface

} method

Any code that calls Clone () on an expression that the compiler knows is of type Person
will call the top method; if the type of the expression is just ICloneable, it will call the
bottom method. This works but is really ugly.

The mirror image of this situation also occurs with parameters, where if you had
an interface or virtual method with a signature of, say void Process (string x), then
it would seem logical to be able to implement or override the method with a less
demanding signature, such as void Process(object x). This is called parameter type
contravariance—and is just as unsupported as return type covariance, with the same
workaround for interfaces and normal overloading for virtual methods. It’s not a
showstopper, but it’s irritating.

Of course, C# 1 developers put up with all of these issues for a long time—and Java
developers had a similar situation for far longer. While compile-time type safety is a
great feature in general, I can’t remember seeing many bugs where people actually put
the wrong type of element in a collection. I can live with the workaround for the lack
of covariance and contravariance. But there’s such a thing as elegance and making
your code clearly express what you mean, preferably without needing explanatory
comments. We’ll see later that C# 2 isn’t flawless either, but it makes large improve-
ments. As an aside, let’s briefly go into an area that isn’ improved upon in any way by
C# 2 and is only tangentially touched on by C# 3—dynamic typing.

When does C#1’s type system get in the way?

I like static typing. Most of the time, it does what I want without much fuss, and it stops
me from making silly mistakes. It also means the IDE has more information to help me
with features such as IntelliSense.

Just occasionally, it’s a real pain. If I've got two types that already have a particular
method signature, but the types have nothing else in common or don’t know about
my code at all, why can’t I “pretend” they implement an interface containing that sig-
nature? This feature is known as duck typing (and yet again, different people use the
term to mean slightly different things) in that if something walks like a duck and
quacks like a duck, you might as well treat it like a duck.

If I'm working with an API (usually through COM) that doesn’t have strongly typed
methods, why can’t I ask the compiler to just stop using static typing for a while? Visual
Basic has this feature, which is controlled with Option Strict; likewise, implicit typing
is turned on and off using Option Explicit. Both of these features have received bad
press, partly due to poor choices for default values in the past. It’s also partly due to
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the overuse of these features by developers who decided to make their code compile
at all costs (and then wondered why it failed at runtime). I can’t say I would use this
sort of feature particularly heavily in C# if it were there—but every so often, it would
be welcome.

Of course, a dynamic type system doesn’t have to stop there. More adventurous
languages such as Ruby, Python, and Groovy allow methods to be added to types (or
even individual objects) at execution time, and allow the type itself to determine
what should happen if you try to call a method that doesn’t exist. These powerful
(though expensive in performance terms) features can lead to programs that appear
to work almost by magic, and that certainly make C#’s static typing look positively
antiquated. They have their costs in terms of understanding what’s going on in your
code, as well as reducing compile-time safety, but again, used in the right place they
can be positive.

It’s important that languages don’t try too hard to be all things to all people. Such
attempts always end in tears, and the cost in terms of the complexity of the language
can be high. We’ll see this balance between adding new features and limiting the cost
of them time and time again throughout this book—the C# team has quite a high
bar in terms of how useful a feature must be before it’s considered for inclusion in
the language.

Summary of type system characteristics

In this section we’ve learned some of the differences between type systems, and in par-
ticular which characteristics apply to G# 1:

= C#1 is statically typed—the compiler knows what members to let you use.

= C# 1 is explicit—you have to tell the compiler what types variables have.

m C#1 is safe—you can’t treat one type as if it were another without the availabil-
ity of a genuine conversion.

= Static typing still doesn’t allow a single collection to be a strongly typed “list of
strings” or “list of integers.”

= Method overriding and interface implementation don’t allow covariance/
contravariance.

Our next section covers one of the most fundamental aspects of C#’s type system
beyond its high-level characteristics—the differences between structs and classes.

Value types and reference types

Itwould be hard to overstate how important the subject of this section is. Everything you
do in .NET will deal with either a value type or a reference type—and yet it’s curiously
possible to develop for along time with only avague idea of what the difference is. Worse
yet, there are plenty of myths around to confuse things further. The unfortunate fact is
that it’s quite easy to make a short but incorrect statement that is close enough to the
truth to be plausible but inaccurate enough to be misleading—but it’s relatively tricky
to come up with a concise but accurate description.
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Once you “get it,” the difference between value types and reference types is simple.
It can take a while to reach that stage, and you may well have been able to write a lot of
correct code without really understanding it. It’s worth persevering, though: for one
thing, a lot of seemingly complicated situations are much easier to understand when
you’re aware of what’s really going on.

This section is not a complete breakdown of how types are handled, marshaling
between application domains, interoperability with native code, and the like. Instead,
it’s a fairly brief look at the absolute basics of the topic (as applied to C# 1) that are cru-
cial to understand in order to come to grips with G# 2 and 3.

We’ll start off by seeing how the fundamental differences between value types and
reference types appear naturally in the real world as well as in .NET.

2.3.1 Values and references in the real world

Suppose you’re reading something really fantastic, and want a friend to read it too.
Let’s further suppose that it’s a document in the public domain, just to avoid any accu-
sations of supporting copyright violation. What do you need to give your friend so that
he can read it too? It entirely depends on just what you're reading.

First we’ll deal with the case where you’ve got real paper in your hands. To give
your friend a copy, you’d need to photocopy all the pages and then give it to him. At
that point, he has his own complete copy of the document. In this situation, we are
dealing with value type behavior. All the information is directly in your hands—you
don’t need to go anywhere else to get it. Your copy of the information is also indepen-
dent of your friend’s after you've made the copy. You could add some notes to your
pages, and his pages wouldn’t be changed at all.

Compare that with the situation where you’re actually reading a web page. This
time, all you have to give your friend is the URL of the web page. This is reference type
behavior, with the URL taking the place of the reference. In order to actually read the
document, you have to navigate the reference by putting the URL in your browser and
asking it to load the page. On the other hand, if the web page changes for some rea-
son (imagine it’s a wiki page and you’ve added your notes to the page) both you and
your friend will see that change the next time each of you loads the page.

The differences we’ve seen in the real world form the heart of the distinction
between value types and reference types in C# and .NET. Most types in .NET are refer-
ence types, and you’'re likely to create far more reference than value types. Aside from
the special cases that follow, classes (declared using class) are reference types, and
structures (declared using struct) are value types. The other cases are as follows:

= Array types are reference types, even if the element type is a value type (so
int [] is still a reference type, even though int is a value type).

= Enumerations (declared using enum) are value types.

= Delegate types (declared using delegate) are reference types.

= Interface types (declared using interface) are reference types, but they can be
implemented by value types.
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Now that we’ve got the basic idea of what reference types and value types are about,
we’ll look at a few of the most important details.

Value and reference type fundamentals

The key concept to grasp when it comes to value types and reference types is what the
value of a particular expression is. To keep things concrete, I'll use variables as the
most common examples of expressions—but the same thing applies to properties,
method calls, indexers, and other expressions.

As we discussed in section 2.2.1, most expressions have types associated

wed W,ﬂ with them. The value of a value type expression is the value, plain and

simple. For instance, the value of the expression “2+3” is just 5. The value
of a reference type expression, however, is a reference. It’s not the object
that the reference refers to. So, the value of the expression String.
Empty is not an empty string—it’s a reference to an empty string. In every-
day discussions and even in documentation we tend to blur this distinc-
tion. For instance, we might describe String.Concat as returning “a
string that is the concatenation of all the parameters.” Using very precise terminology
here would be time-consuming and distracting, and there’s no problem so long as
everyone involved understands that it’s only a reference that is returned.
To demonstrate this further, consider a Point type that stores two integers, x and y.
It could have a constructor that takes the two values. Now, this type could be imple-
mented as either a struct or a class. Figure 2.3 shows the result of executing the follow-
ing lines of code:

Point pl = new Point (10, 20) ;
Point p2 = pl;

The left side of figure 2.3 indicates the pi
values involved when Point is a class (a p1 X y
reference type), and the right side shows ref
the situation when Point is a struct (a X

y
value type). 02 < P 7
In both cases, pl and p2 have the V
same value after the assignment. How-
ever, in the case where Point is a refer- When Point is a When Point is
reference type a value type

ence type, that value is a reference: both
pl and p2 refer to the same object. When Figure 2.3 Comparing value type and
Point is a value type, the value of p1 is the ~ reference type behaviors, particularly
whole of the data for a point—the x and With regard to assignment
y values. Assigning the value of p1 to p2 copies all of that data.

The values of variables are stored wherever they are declared. Local variable values
are always stored on the stack,’ and instance variable values are always stored wherever

9 Thisis only totally true for C#1. We’ll see later that local variables can end up on the heap in certain situations
in C#2 and 3.
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the instance itself is stored. Reference type instances (objects) are always stored on the
heap, as are static variables.

Another difference between the two kinds of type is that value types cannot be
derived from. One consequence of this is that the value doesn’t need any extra infor-
mation about what type that value actually is. Compare that with reference types,
where each object contains a block of data at the start of it identifying the actual type
of the object, along with some other information. You can never change the type of an
object—when you perform a simple cast, the runtime just takes a reference, checks
whether the object it refers to is a valid object of the desired type, and returns the orig-
inal reference if it’s valid or throws an exception otherwise. The reference itself
doesn’t know the type of the object—so the same reference value can be used for mul-
tiple variables of different types. For instance, consider the following code:

Stream stream = new MemoryStream() ;

MemoryStream memoryStream = (MemoryStream) stream;
The first line creates a new MemoryStream object, and sets the value of the stream vari-
able to be a reference to that new object. The second line checks that the value of
stream refers to a MemoryStream (or derived type) object and sets the value of
memoryStream to the same value.

Once you understand these basic points, you can apply them when thinking about
some of the falsehoods that are often stated about value types and reference types.

Dispelling myths

There are various myths that do the rounds on a regular basis. I'm sure the misinfor-
mation is almost always passed on with no malice and with no idea of the inaccuracies
involved. In this section I’ll tackle the most prominent myths, explaining the true situ-
ation as I go.

MYTH #1: “STRUCTS ARE LIGHTWEIGHT CLASSES”
This myth comes in a variety of forms. Some people believe that value types can’t or

shouldn’t have methods or other significant behavior—they should be used as simple
data transfer types, with just public fields or simple properties. The DateTime type is a
good counterexample to this: it makes sense for it to be a value type, in terms of being
a fundamental unit like a number or a character, and it also makes sense for it to be
able to perform calculations to do with its value. Looking at things from the other
direction, data transfer types should often be reference types anyway—the decision
should be based on the desired value or reference type semantics, not the simplicity of
the type.

Other people believe that value types are “lighter” than reference types in terms of
performance. The truth is that in some cases value types are more performant—they
don’t require garbage collection, don’t have the type identification overhead, and
don’t require dereferencing, for example. However, in other ways reference types are
more performant—parameter passing, assignment, returning values and similar oper-
ations only require 4 or 8 bytes to be copied (depending on whether you’re running
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the 32-bit or 64-bit CLR) rather than copying all the data. Imagine if ArrayList were
somehow a “pure” value type, and passing an ArrayList expression to a method
involved copying all its data!

MYTH #2: “REFERENCE TYPES LIVE ON THE HEAP, VALUE TYPES LIVE ON THE STACK”
This one is often caused just by laziness on the part of the person repeating it. The

first part is correct—an instance of a reference type is always created on the heap. It’s
the second part that is problematic. As we’ve already noted, a variable’s value lives
wherever it’s declared—so if you have a class with an instance variable of type int, that
variable’s value for any given object will always be where the rest of the data for the
object is—on the heap. Only local variables (variables declared within methods) and
method parameters live on the stack.

NOTE Are these concepts relevant now? It’s arguable that if you're writing man-
aged code, you should let the runtime worry about how memory is best
used. Indeed, the language specification makes no guarantees about
what lives where; a future runtime may be able to create some objects on
the stack if it knows it could get away with it, or the C# compiler could
generate code that hardly uses the stack at all.

The next myth is usually just a terminology issue.

MYTH #3: “OBJECTS ARE PASSED BY REFERENCE IN C# BY DEFAULT”
This is probably the most widely propagated myth. Again, the people who make this

claim often (though not always) know what the actual C# behavior is, but they don’t
know what “pass by reference” really means. Unfortunately, this leads to people who
do know what it means getting confused. The formal definition of “pass by reference”
is relatively complicated, involving l-values and similar computer science terminology,
but the important thing is that if you pass a variable by reference, the method you’re
calling can change the value of the caller’s variable by changing its parameter value. Now
remember that the value of a reference type variable is the reference, not the object
itself. You can change the contents of the object that a parameter refers to without the
parameter itself being passed by reference. For instance, the following method
changes the contents of the StringBuilder object in question, but the caller’s expres-
sion will still refer to the same object as before:

void AppendHello (StringBuilder builder)

{
}

When this method is called, the parameter value (a reference to a StringBuilder) is
passed by value. If I were to change the value of the builder variable within the
method—for example with the statement builder = null;—that change wouldn’t be
seen by the caller, contrary to the myth.

builder.Append("hello") ;

It’s interesting to note that not only is the “by reference” bit of the myth inaccu-
rate, but so is the “objects are passed” bit. Objects themselves are never passed, either
by reference or by value. When a reference type is involved, either the variable is
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passed by reference or the value of the argument (the reference) is passed by value.
Aside from anything else, this answers the question of what happens when null is
used as a by-value argument—if objects were being passed around, that would cause
issues, as there wouldn’t be an object to pass! Instead, the null reference is passed by
value in just the same way as any other reference would be.

These myths aren’t the only ones around. Boxing and unboxing come in for their
fair share of misunderstanding, which I'll try to clear up next.

Boxing and unboxing

Sometimes, you just don’t want a value type value. You want a reference. There are any
number of reasons why this can happen, and fortunately C# and .NET provide a mech-
anism, called boxing, that lets you create an object from a value type value and use a
reference to that new object. Before we leap straight into an example, let’s start off by
reviewing two important facts:

= The value of a reference type variable is always a reference.
= The value of a value type variable is always a value of that type.

Given those two facts, the following three lines of code don’t seem to make much
sense at first glance:

int i = 5;
object o = i;
int j = (int) o;

We have two variables: i is a value type variable, and o is a reference type variable. How
does it make sense to assign the value of i to o? The value of o has to be a reference,
and the number 5 isn’t a reference—it’s an integer value. What'’s actually happening is
boxing: the runtime creates an object (on the heap—it’s a normal object) that con-
tains the value (5). The value of o is then a reference to that new object. The third line
performs the reverse operation—unboxing. We have to tell the compiler which type to
unbox the object as, and if we use the wrong type (if it’s a boxed uint or long, for
example, or not a boxed value at all) an InvalidCastException is thrown.'

That’s it, really—boxing and unboxing in a nutshell. The only remaining problem
is knowing when boxing and unboxing occur. Unboxing is usually obvious, because the
cast is present in the code. Boxing can be more subtle. We’ve seen the simple version,
but it can also occur if you call the ToString, Equals, or GetHashCode methods on the
value of a type that doesn’t override them, or if you use the value as an interface expres-
sion—assigning it to a variable whose type is an interface type or passing it as a param-
eter with an interface type. For example, the statement IComparable x = 5; would box
the number 5.

It’s worth being aware of boxing and unboxing because of the potential perfor-
mance penalty involved. A single box or unbox operation is very cheap, but if you

10

There are corner cases where the type doesn’t have to be exactly right, mostly to do with enums. These are so

fiddly that even the C# language specification hasn’t got it quite right yet!
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perform hundreds of thousands of them, you've not only got the cost of the opera-
tion yourself, but you’re also creating a lot of objects, which gives the garbage collec-
tor more work to do.

Summary of value types and reference types

In this section we’ve looked at the differences between value types and reference
types, as well as some of the myths surrounding them. Here are the key points:

= The value of a reference type expression (a variable for example) is a reference,
not an object.
m References are like URLs—they are small pieces of data that let you access the
real information.
= The value of a value type expression is the actual data.
» There are times when value types are more efficient than reference types, and
vice versa.
m Reference type objects are always on the heap, but value type values can be on
either the stack or the heap, depending on context.
= When a reference type is used as a method parameter, by default the parameter
is passed by value—but the value itself is a reference.
= Value type values are boxed when reference type behavior is needed; unboxing
is the reverse process.
Now that we’ve had a look at all the bits of C# 1 that you need to be comfortable with,
it’s time to take a quick look forward and see where each of the features will be
enhanced by C# 2 and 3.

C#2 and 3: new features on a solid base

The three topics covered in this chapter are all vital to C# 2 and 3. Almost all the new
features relate to at least one of them, and they change the balance of how the lan-
guage is used. Before we wrap up the chapter, let’s explore how the new features
relate to the old ones. I'm not going to give many details (for some reason the pub-
lisher didn’t want a single 400-page section), but it’s helpful to have an idea of where
these areas are going before we get to the nitty-gritty. We’ll look at them in the same
order as we covered them earlier, starting with delegates.

Features related to delegates

Delegates of all kinds get a boost in G#2, and then they