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Introduction

I remember a time years ago when I proposed a book to Apress regarding a forthcoming software SDK
code-named Next Generation Windows Services (NGWS). As you may be aware, NGWS eventually
became what we now know as the .NET platform. My research of the C# programming language and
the .NET platform took place in parallel with the authoring of the initial manuscript. It was a fantastic
project; however, I must confess that it was more than a bit nerve-racking writing about a technol-
ogy that was undergoing drastic changes over the course of its development. Thankfully, after many
sleepless nights, the first edition of C# and the .NET Platform was published in conjunction with the
release of .NET 1.0 Beta 2, circa the summer of 2001.

Since that point, I have been extremely happy and grateful to see that this text was very well
received by the press and, most important, by readers. Over the years it was nominated as a Jolt
Award finalist (I lost. .. crap!) and for the 2003 Referenceware Excellence Award in the program-
ming book category (I won? Cool!).

The second edition of this text (C# and the .NET Platform, Second Edition) provided me the
opportunity to expand upon the existing content with regard to version 1.1 of the .NET platform.
Although the second edition of the book did offer a number of new topics, a number of chapters and
examples were unable to make it into the final product.

Now that the book has entered its third edition, I am happy to say that the manuscript con-
tains (almost) all of the topics and examples I was unable to cram into the previous versions. Not only
does this edition of the text account for the numerous bells and whistles brought about by .NET 2.0
but it also incorporates a number of chapters that have long been written but not yet published
(such as content on the common intermediate language, or CIL).

As with the earlier editions, this third edition presents the C# programming language and .NET
base class libraries using a friendly and approachable tone. I have never understood the need
some technical authors have to spit out prose that reads more like a GRE vocabulary study guide than
areadable book. As well, this new edition remains focused on providing you with the information
you need to build software solutions today, rather than spending too much time examining eso-
teric details that few individuals will ever actually care about.

We’re a Team, You and |

Technology authors write for a demanding group of people (I should know—I'm one of them). You
know that building software solutions using any platform is extremely detailed and is very specific
to your department, company, client base, and subject matter. Perhaps you work in the electronic
publishing industry, develop systems for the state or local government, or work at NASA or a branch
of the military. Speaking for myself, I have developed children’s educational software, various n-tier
systems, and numerous projects within the medical and financial industries. The chances are almost
100 percent that the code you write at your place of employment has little to do with the code I write
at mine (unless we happened to work together previously!).

Therefore, in this book, I have deliberately chosen to avoid creating examples that tie the
example code to a specific industry or vein of programming. Given this, I choose to explain C#, OOP,
the CLR, and the .NET 2.0 base class libraries using industry-agnostic examples. Rather than having
every blessed example fill a grid with data, calculate payroll, or whatnot, I'll stick to subject matter we
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can all relate to: automobiles (with some geometric structures and employees thrown in for good
measure). And that’s where you come in.

My job is to explain the C# programming language and the core aspects of the .NET platform
the best I possibly can. As well, I will do everything I can to equip you with the tools and strategies
you need to continue your studies at this book’s conclusion.

Your job is to take this information and apply it to your specific programming assignments.

I obviously understand that your projects most likely don’t revolve around automobiles with pet
names, but that’s what applied knowledge is all about! Rest assured, once you understand the con-
cepts presented within this text, you will be in a perfect position to build .NET solutions that map to
your own unique programming environment.

An Overview of This Book

Pro C#2005 and the .NET 2.0 Platform, Third Edition is logically divided into five distinct sections,
each of which contains some number of chapters that somehow “belong together.” If you read the
earlier editions of this text, you will notice some similarities in chapter names, but be aware that just
about every page has been updated with new content and expanded examples. You will also notice
that some topics in the first and second editions (such as object serialization and the .NET garbage
collector) have been moved into a chapter of their very own.

Of course, as you would hope, the third edition contains several brand-new chapters (including
a chapter devoted to the syntax and semantics of CIL) and detailed coverage of 2.0-specific features.
These things being said, here is a part-by-part and chapter-by-chapter breakdown of the text.

Part 1: Introducing C# and the .NET Platform

The purpose of Part 1 is to acclimate you to the core aspects of the .NET platform, the .NET type
system, and various development tools (many of which are open source) used during the construc-
tion of .NET applications. Along the way, you will also check out some basic details of the C#
programming language.

Chapter 1: The Philosophy of .NET

This first chapter functions as the backbone for the remainder of the text. We begin by examining the
world of traditional Windows development and uncover the shortcomings with the previous state of
affairs. The primary goal of this chapter, however, is to acquaint you with a number of .NET-centric
building blocks, such as the common language runtime (CLR), Common Type System (CTS), Common
Language Specification (CLS), and base class libraries. Also, you will also take an initial look at the C#
programming language and .NET assembly format, and you’ll examine the platform-independent
nature of the .NET platform and the role of the Common Language Infrastructure (CLI).

Chapter 2: Building C# Applications

The goal of this chapter is to introduce you to the process of compiling and debugging C# source
code files using various tools and techniques. First, you will learn how to make use of the command-
line compiler (csc.exe) and C# response files. Over the remainder of the chapter, you will examine
numerous IDEs, including TextPad, SharpDevelop, Visual C# 2005 Express, and (of course) Visual
Studio 2005. As well, you will be exposed to a number of open source tools (Vil, NAnt, NDoc, etc.),
which any .NET developer should have in their back pocket.
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Part 2: The C# Programming Language

This part explores all the gory details of the C# programming language, including the new syn-
tactical constructs introduced with .NET 2.0. As well, Part 2 exposes you to each member of the CTS
(classes, interfaces, structures, enumerations, and delegates) and the construction of generic types.

Chapter 3: C# Language Fundamentals

This chapter examines the core constructs of the C# programming language. Here you will come
to understand basic class construction techniques, the distinction between value types and reference
types, boxing and unboxing, and the role of everybody’s favorite base class, System.0Object. Also,
Chapter 3 illustrates how the .NET platform puts a spin on various commonplace programming
constructs, such as enumerations, arrays, and string processing. Finally, this chapter examines

a number of 2.0-specific topics including “nullable data types.”

Chapter 4: Object-Oriented Programming with C#

The role of Chapter 4 is to examine the details of how C# accounts for each “pillar” of OOP: encap-
sulation, inheritance, and polymorphism. Once you have examined the keywords and the syntax
used to build class hierarchies, you will then look at the role of XML code comments.

Chapter 5: Understanding Object Lifetime

This chapter examines how the CLR manages memory using the .NET garbage collector. Here
you will come to understand the role of application roots, object generations, and the System.GC
type. Once you understand the basics, the remainder of this chapter covers the topics of “disposable
objects” (via the IDisposable interface) and the finalization process (via the
System.Object.Finalize() method).

Chapter 6: Understanding Structured Exception Handling

The point of this chapter is to discuss how to handle runtime anomalies in your code base through the
use of structured exception handling. Not only will you learn about the C# keywords that allow you
to handle such problems (try, catch, throw, and finally), but you will also come to understand
the distinction between application-level and system-level exceptions. In addition, this chapter
examines various tools within Visual Studio 2005 that allow you to debug the exceptions that have
escaped your view.

Chapter 7: Interfaces and Collections

The material in this chapter builds upon your understanding of object-based development by

covering the topic of interface-based programming. Here you will learn how to define types that

support multiple behaviors, how to discover these behaviors at runtime, and how to selectively
hide particular behaviors using explicit interface implementation. To showcase the usefulness of
interface types, the remainder of this chapter examines the System.Collections namespace.

Chapter 8: Callback Interfaces, Delegates, and Events

The purpose of Chapter 8 is to demystify the delegate type. Simply put, a .NET delegate is an object
that “points” to other methods in your application. Using this pattern, you are able to build systems
that allow multiple objects to engage in a two-way conversation. After you have examined the use of
.NET delegates (including numerous 2.0-specific features such as anonymous methods), you will then
be introduced to the C# event keyword, which is used to simplify the manipulation of raw delegate
programming.

xli
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Chapter 9: Advanced C# Type Construction Techniques

This chapter deepens your understanding of the C# programming language by introducing a number
of advanced programming techniques. For example, you will learn how to overload operators and
create custom conversion routines (both implicit and explicit), build type indexers, and manipulate
C-style pointers within a *. cs code file.

Chapter 10: Understanding Generics

As of .NET 2.0, the C# programming language has been enhanced to support a new feature of the
CTS termed generics. As you will see, generic programming greatly enhances application performance
and type safety. Not only will you explore various generic types within the System.Collections.Generic
namespace, but you will also learn how to build your own generic methods and types (with and with-
out constraints).

Part 3: Programming with .NET Assemblies

Part 3 dives into the details of the .NET assembly format. Not only will you learn how to deploy and
configure .NET code libraries, but you will also come to understand the internal composition of a .NET
binary image. This part also explains the role of .NET attributes and the construction of mutilthreaded
applications. Later chapters examine some fairly low-level details (such as object context) and the
syntax and semantics of CIL.

Chapter 11: Introducing .NET Assemblies

From a very high level, assembly is the term used to describe a managed *.d11 or *. exe file. However,
the true story of .NET assemblies is far richer than that. Here you will learn the distinction between
single-file and multifile assemblies, and how to build and deploy each entity. You'll examine how
private and shared assemblies may be configured using XML-based *. config files and publisher
policy assemblies. Along the way, you will investigate the internal structure of the global assembly
cache (GAC) and the role of the .NET Framework 2.0 configuration utility.

Chapter 12: Type Reflection, Late Binding, and Attribute-Based Programming

Chapter 12 continues our examination of .NET assemblies by checking out the process of runtime
type discovery via the System.Reflection namespace. Using these types, you are able to build
applications that can read an assembly’s metadata on the fly. You will learn how to dynamically
activate and manipulate types at runtime using late binding. The final topic of this chapter explores
the role of .NET attributes (both standard and custom). To illustrate the usefulness of each of these
topics, the chapter concludes with the construction of an extendable Windows Forms application.

Chapter 13: Processes, AppDomains, Contexts, and CLR Hosts

Now that you have a solid understanding of assemblies, this chapter dives much deeper into the
composition of aloaded .NET executable. The first goal is to illustrate the relationship between
processes, application domains, and contextual boundaries. Once these terms have been qualified,
you will then understand exactly how the CLR itself is hosted by the Windows operating system and
deepen your understanding of mscoree.dl1. The information presented here is a perfect lead-in to
Chapter 14.
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Chapter 14: Building Multithreaded Applications

This chapter examines how to build multithreaded applications and illustrates a number of techniques
you can use to author thread-safe code. The chapter opens by revisiting the .NET delegate type in
order to understand a delegate’s intrinsic support for asynchronous method invocations. Next, you
will investigate the types within the System.Threading namespace. You will look at numerous types
(Thread, ThreadStart, etc.) that allow you to easily create additional threads of execution.

Chapter 15: Understanding CIL and the Role of Dynamic Assemblies

The goal of this chapter is twofold. In the first half (more or less), you will examine the syntax and
semantics of CIL in much greater detail than in previous chapters. The remainder of this chapter
covers the role of the System.Reflection.Emit namespace. Using these types, you are able to build
software that is capable of generating .NET assemblies in memory at runtime. Formally speaking,
assemblies defined and executed in memory are termed dynamic assemblies.

Part 4: Programming with the .NET Libraries

By this point in the text, you have a solid handle on the C# language and the details of the .NET
assembly format. Part 4 leverages your newfound knowledge by exploring a number of namespaces
within the base class libraries, including file I/0O, the .NET remoting layer, Windows Forms develop-
ment, and database access using ADO.NET.

Chapter 16: The System.l0 Namespace

As you can gather from its name, the System.I0 namespace allows you to interact with a machine’s
file and directory structure. Over the course of this chapter, you will learn how to programmatically
create (and destroy) a directory system as well as move data into and out of various streams (file-based,
string-based, memory-based, etc.).

Chapter 17: Understanding Object Serialization

This chapter examines the object serialization services of the .NET platform. Simply put, serializa-
tion allows you to persist the state of an object (or a set of related objects) into a stream for later use.
Deserialization (as you might expect) is the process of plucking an object from the stream into memory
for consumption by your application. Once you understand the basics, you will then learn how to
customize the serialization process via the ISerializable interface and a set of new attributes intro-
duced with .NET 2.0.

Chapter 18: The .NET Remoting Layer

Contrary to popular belief, XML web services are not the only way to build distributed applications
under the .NET platform. Here you will learn about the .NET remoting layer. As you will see, the
CLR supports the ability to easily pass objects between application and machine boundaries using
marshal-by-value (MBV) and marshal-by-reference (MBR) semantics. Along the way, you will learn
how to alter the runtime behavior of a distributed .NET application in a declarative manner using
XML configuration files.

Chapter 19: Building a Better Window with System.Windows.Forms

This chapter begins your examination of the System.Windows.Forms namespace. Here you will
learn the details of building traditional desktop GUI applications that support menu systems, tool-
bars, and status bars. As you would hope, various design-time aspects of Visual Studio 2005 will
be examined, as well as a number of .NET 2.0 Windows Forms types (MenuStrip, ToolStrip, etc.).
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Chapter 20: Rendering Graphical Data with GDI+

This chapter covers how to dynamically render graphical data in the Windows Forms environment.
In addition to discussing how to manipulate fonts, colors, geometric images, and image files, this
chapter examines hit testing and GUI-based drag-and-drop techniques. You will learn about the new
.NET resource format, which as you may suspect by this point in the text is based on XML data repre-
sentation.

Chapter 21: Programming with Windows Forms Controls

This final Windows-centric chapter will examine numerous GUI widgets that ship with the .NET
Framework 2.0. Not only will you learn how to program against various Windows Forms controls,
but you will also learn about dialog box development and Form inheritance. As well, this chapter
examines how to build custom Windows Forms controls that integrate into the IDE.

Chapter 22: Database Access with ADO.NET

ADO.NET is the data access API of the .NET platform. As you will see, you are able to interact with
the types of ADO.NET using a connected and disconnected layer. Over the course of this chapter,
you will have the chance to work with both modes of ADO.NET, and you'll learn about several new
.NET 2.0 ADO.NET topics, including the data provider factory model, connection string builders,
and asynchronous database access.

Part 5: Web Applications and XML Web Services

Part 5 is devoted to the construction of ASPNET web applications and XML web services. As you
will see in the first two chapters of this section, ASPNET 2.0 is a major upgrade from ASPNET 1.x and
includes numerous new bells and whistles.

Chapter 23: ASP.NET 2.0 Web Pages and Web Controls

This chapter begins your study of web technologies supported under the .NET platform using
ASPNET. As you will see, server-side scripting code is now replaced with “real” object-oriented lan-
guages (such as C#, VB .NET, and the like). This chapter will introduce you to key ASPNET topics
such as working with (or without) code-behind files, the role of ASPNET web controls, validations
controls, and interacting with the new “master page” model provided by ASPNET 2.0.

Chapter 24: ASP.NET 2.0 Web Applications

This chapter extends your current understanding of ASPNET by examining various ways to handle
state management under .NET. Like classic ASP, ASPNET allows you to easily create cookies, as well
as application-level and session-level variables. However, ASPNET also introduces a new state man-
agement technique: the application cache. Once you have looked at the numerous ways to handle
state with ASPNET, you will then come to learn the role of the System.HttpApplication base class
(lurking within the Global.asax file) and how to dynamically alter the runtime behavior of your
web application using the Web.config file.

Chapter 25: Understanding XML Web Services

In this final chapter of this book, you will examine the role of .NET XML web services. Simply put,
a web service is an assembly that is activated using standard HTTP requests. The beauty of this
approach is the fact that HTTP is the one wire protocol almost universal in its acceptance, and it is
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therefore an excellent choice for building platform- and language-neutral distributed systems. You
will also check out numerous surrounding technologies (WSDL, SOAB, and UDDI) that enable a web
service and external client to communicate in harmony.

Obtaining This Book’s Source Code

All of the code examples contained within this book (minus small code snippets here and there) are
available for free and immediate download from the Source Code area of the Apress website. Simply
navigate to http://www.apress.com, select the Source Code link, and look up this title by name. Once
you are on the “homepage” for Pro C# 2005 and the .NET 2.0 Platform, Third Edition, you may
download a self-extracting *. zip file. After you unzip the contents, you will find that the code has
been logically divided by chapter.

Do be aware that Source Code notes like the following in the chapters are your cue that the
example under discussion may be loaded into Visual Studio 2005 for further examination and modi-
fication:

Source Code This is a source code note referring you to a specific directory!

To do so, simply open the *.sln file found in the correct subdirectory.

Obtaining Updates for This Book

As you read through this text, you may find an occasional grammatical or code error (although I sure
hope not). If this is the case, my apologies. Being human, I am sure that a glitch or two may be pres-
ent, despite my best efforts. If this is the case, you can obtain the current errata list from the Apress
website (located once again on the “homepage” for this book) as well as information on how to
notify me of any errors you might find.

Contacting Me

If you have any questions regarding this book’s source code, are in need of clarification for a given
example, or simply wish to offer your thoughts regarding the .NET platform, feel free to drop me
aline at the following e-mail address (to ensure your messages don’t end up in my junk mail folder,
please include “C# TE” in the Subject line somewhere): atroelsen@IntertechTraining.com.

Please understand that I will do my best to get back to you in a timely fashion; however, like
yourself, I get busy from time to time. If I don’t respond within a week or two, do know I am not
trying to be a jerk or don't care to talk to you. I'm just busy (or, if 'm lucky, on vacation somewhere).

So, then! Thanks for buying this text (or at least looking at it in the bookstore while you try to
decide if you will buy it). I hope you enjoy reading this book and putting your newfound knowl-
edge to good use.

Take care,
Andrew Troelsen
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CHAPTER 1

The Philosophy of .NET

Every few years or so, the modern-day programmer must be willing to perform a self-inflicted knowl-
edge transplant to stay current with the new technologies of the day. The languages (C++, Visual
Basic 6.0, Java), frameworks (MFC, ATL, STL), and architectures (COM, CORBA, EJB) that were touted
as the silver bullets of software development eventually become overshadowed by something better or
at the very least something new. Regardless of the frustration you can feel when upgrading your internal
knowledge base, it is unavoidable. The .NET platform is Microsoft’s current offering within the land-
scape of software engineering.

The point of this chapter is to lay the conceptual groundwork for the remainder of the book. It
begins with a high-level discussion of a number of .NET-related topics such as assemblies, the com-
mon intermediate language (CIL), and just-in-time (JIT) compilation. In addition to previewing
some key features of the C# programming language, you will also come to understand the relation-
ship between various aspects of the .NET Framework, such as the common language runtime (CLR),
the Common Type System (CTS), and the Common Language Specification (CLS). As you would hope,
all of these topics are explored in further detail throughout the remainder of this text.

This chapter also provides you with an overview of the functionality supplied by the .NET base
class libraries, sometimes abbreviated as the “BCL” or alternatively as the “FCL” (being the Framework
class libraries). Finally, this chapter investigates the language-agnostic and platform-independent
nature of the .NET platform (yes it’s true, .NET is not confined to the Windows operating system).

Understanding the Previous State of Affairs

Before examining the specifics of the .NET universe, it’s helpful to consider some of the issues that
motivated the genesis of Microsoft’s current platform. To get in the proper mind-set, let’s begin this
chapter with a brief and painless history lesson to remember our roots and understand the limita-
tions of the previous state of affairs (after all, admitting you have a problem is the first step toward
finding a solution). After completing this quick tour of life as we knew it, we turn our attention to
the numerous benefits provided by C# and the .NET platform.

Life As a C/Win32 API Programmer

Traditionally speaking, developing software for the Windows family of operating systems involved
using the C programming language in conjunction with the Windows application programming
interface (API). While it is true that numerous applications have been successfully created using this
time-honored approach, few of us would disagree that building applications using the raw API is
a complex undertaking.

The first obvious problem is that C is a very terse language. C developers are forced to contend
with manual memory management, ugly pointer arithmetic, and ugly syntactical constructs. Fur-
thermore, given that C is a structured language, it lacks the benefits provided by the object-oriented
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approach (can anyone say spaghetti code?) When you combine the thousands of global functions
and data types defined by the Win32 API to an already formidable language, it is little wonder that
there are so many buggy applications floating around today.

Life As a C++/MFC Programmer

One vast improvement over raw C/API development is the use of the C++ programming language.
In many ways, C++ can be thought of as an object-oriented layer on top of C. Thus, even though
C++ programmers benefit from the famed “pillars of OOP” (encapsulation, inheritance, and poly-
morphism), they are still at the mercy of the painful aspects of the C language (e.g., manual memory
management, ugly pointer arithmetic, and ugly syntactical constructs).

Despite its complexity, many C++ frameworks exist today. For example, the Microsoft
Foundation Classes (MFC) provides the developer with a set of C++ classes that facilitate the
construction of Win32 applications. The main role of MFC is to wrap a “sane subset” of the raw
Win32 API behind a number of classes, magic macros, and numerous code-generation tools
(aka wizards). Regardless of the helpful assistance offered by the MFC framework (as well as many
other C++-based windowing toolkits), the fact of the matter is that C++ programming remains
a difficult and error-prone experience, given its historical roots in C.

Life As a Visual Basic 6.0 Programmer

Due to a heartfelt desire to enjoy a simpler lifestyle, many programmers have shifted away from the
world of C(++)-based frameworks to kinder, gentler languages such as Visual Basic 6.0 (VB6). VB6 is
popular due to its ability to build complex user interfaces, code libraries (e.g., COM servers), and
data access logic with minimal fuss and bother. Even more than MFC, VB6 hides the complexities of
the raw Win32 API from view using a number of integrated code wizards, intrinsic data types, classes,
and VB-specific functions.

The major downfall of VB6 (which has been rectified given the advent of Visual Basic .NET) is
that it is not a fully object-oriented language; rather, it is “object aware.” For example, VB6 does not
allow the programmer to establish “is-a” relationships between types (i.e., no classical inheritance)
and has no intrinsic support for parameterized class construction. Moreover, VB6 doesn’t provide
the ability to build multithreaded applications unless you are willing to drop down to low-level
Win32 API calls (which is complex at best and dangerous at worst).

Life As a Java/J2EE Programmer

Enter Java. The Java programming language is (almost) completely object oriented and has its syntac-
tic roots in C++. As many of you are aware, Java’s strengths are far greater than its support for platform
independence. Java (as a language) cleans up many unsavory syntactical aspects of C++. Java (as

a platform) provides programmers with a large number of predefined “packages” that contain various
type definitions. Using these types, Java programmers are able to build “100% Pure Java” applications
complete with database connectivity, messaging support, web-enabled front ends, and a rich user
interface.

Although Java is a very elegant language, one potential problem is that using Java typically
means that you must use Java front-to-back during the development cycle. In effect, Java offers little
hope of language integration, as this goes against the grain of Java’s primary goal (a single program-
ming language for every need). In reality, however, there are millions of lines of existing code out
there in the world that would ideally like to commingle with newer Java code. Sadly, Java makes this
task problematic.

Pure Java is simply not appropriate for many graphically or numerically intensive applications
(in these cases, you may find Java’s execution speed leaves something to be desired). A better
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approach for such programs would be to use a lower-level language (such as C++) where
appropriate. Alas, while Java does provide a limited ability to access non-Java APIs, there is lit-
tle support for true cross-language integration.

Life As a COM Programmer

The Component Object Model (COM) was Microsoft’s previous application development frame-
work. COM is an architecture that says in effect, “If you build your classes in accordance with the
rules of COM, you end up with a block of reusable binary code.”

The beauty of a binary COM server is that it can be accessed in a language-independent man-
ner. Thus, C++ programmers can build COM classes that can be used by VB6. Delphi programmers
can use COM classes built using C, and so forth. However, as you may be aware, COM’s language
independence is somewhat limited. For example, there is no way to derive a new COM class using
an existing COM class (as COM has no support for classical inheritance). Rather, you must make use
of the more cumbersome “has-a” relationship to reuse COM class types.

Another benefit of COM is its location-transparent nature. Using constructs such as applica-
tion identifiers (AppIDs), stubs, proxies, and the COM runtime environment, programmers can
avoid the need to work with raw sockets, RPC calls, and other low-level details. For example, con-
sider the following VB6 COM client code:

This block of VB6 code can activate a COM class written in
any COM-aware language, which may be located anywhere

on the network (including your local machine).

Dim c as MyCOMClass

Set c = New MyCOMClass ' Location resolved using AppID.
c.DoSomeWork

Although COM can be considered a very successful object model, it is extremely complex under
the hood (at least until you have spent many months exploring its plumbing—especially if you
happen to be a C++ programmer). To help simplify the development of COM binaries, numerous
COM-aware frameworks have come into existence. For example, the Active Template Library (ATL)
provides another set of C++ classes, templates, and macros to ease the creation of COM types.

Many other languages also hide a good part of the COM infrastructure from view. However, lan-
guage support alone is not enough to hide the complexity of COM. Even when you choose a relatively
simply COM-aware language such as VB6, you are still forced to contend with fragile registration
entries and numerous deployment-related issues (collectively termed DLL hell).

Life As a Windows DNA Programmer

To further complicate matters, there is a little thing called the Internet. Over the last several years,
Microsoft has been adding more Internet-aware features into its family of operating systems and
products. Sadly, building a web application using COM-based Windows Distributed interNet Appli-
cations Architecture (DNA) is also quite complex.

Some of this complexity is due to the simple fact that Windows DNA requires the use of numer-
ous technologies and languages (ASP, HTML, XML, JavaScript, VBScript, and COM(+), as well as
a data access API such as ADO). One problem is that many of these technologies are completely
unrelated from a syntactic point of view. For example, JavaScript has a syntax much like C, while
VBScript is a subset of VB6. The COM servers that are created to run under the COM+ runtime have
an entirely different look and feel from the ASP pages that invoke them. The result is a highly confused
mishmash of technologies.

Furthermore, and perhaps more important, each language and/or technology has its own type
system (that may look nothing like another’s type system). An “int” in JavaScript is not quite the same
as an “Integer” in VB6.
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The .NET Solution

So much for the brief history lesson. The bottom line is that life as a Windows programmer has been
tough. The .NET Framework is a rather radical and brute-force approach to making our lives easier.
The solution proposed by .NET is “Change everything” (sorry, you can’t blame the messenger for the
message). As you will see during the remainder of this book, the .NET Framework is a completely new
model for building systems on the Windows family of operating systems, as well as on numerous
non-Microsoft operating systems such as Mac OS X and various Unix/Linux distributions. To set the
stage, here is a quick rundown of some core features provided courtesy of .NET:

* Full interoperability with existing code: This is (of course) a good thing. Existing COM binaries
can commingle (i.e., interop) with newer .NET binaries and vice versa. Also, Platform Invo-
cation Services (PInvoke) allows you to call C-based libraries (including the underlying API
of the operating system) from .NET code.

* Complete and total language integration: Unlike COM, .NET supports cross-language inheri-
tance, cross-language exception handling, and cross-language debugging.

* A common runtime engine shared by all .NET-aware languages: One aspect of this engine is
a well-defined set of types that each .NET-aware language “understands.”

* A base class library: This library provides shelter from the complexities of raw API calls and
offers a consistent object model used by all .NET-aware languages.

* No more COM plumbing: IClassFactory, IUnknown, IDispatch, IDL code, and the evil VARIANT-
compliant data types (BSTR, SAFEARRAY, and so forth) have no place in a native .NET binary.

e A truly simplified deployment model: Under .NET, there is no need to register a binary unit
into the system registry. Furthermore, .NET allows multiple versions of the same *.d11 to
exist in harmony on a single machine.

As you can most likely gather from the previous bullet points, the .NET platform has nothing to
do with COM (beyond the fact that both frameworks originated from Microsoft). In fact, the only
way .NET and COM types can interact with each other is using the interoperability layer.

Note Coverage of the .NET interoperability layer (including Plnvoke) is beyond the scope of this book. If you
require a detailed treatment of these topics, check out my book COM and .NET Interoperability (Apress, 2002).

Introducing the Building Blocks of the .NET
Platform (the CLR, CTS, and CLS)

Now that you know some of the benefits provided by .NET, let’s preview three key (and interrelated)
entities that make it all possible: the CLR, CTS, and CLS. From a programmer’s point of view, .NET
can be understood as a new runtime environment and a comprehensive base class library. The run-
time layer is properly referred to as the common language runtime, or CLR. The primary role of the
CLR is to locate, load, and manage .NET types on your behalf. The CLR also takes care of a number
of low-level details such as memory management and performing security checks.

Another building block of the .NET platform is the Common Type System, or CTS. The CTS
specification fully describes all possible data types and programming constructs supported by the
runtime, specifies how these entities can interact with each other, and details how they are repre-
sented in the .NET metadata format (more information on metadata later in this chapter).
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Understand that a given .NET-aware language might not support each and every feature defined
by the CTS. The Common Language Specification (CLS) is a related specification that defines a subset
of common types and programming constructs that all . NET programming languages can agree on.
Thus, if you build .NET types that only expose CLS-compliant features, you can rest assured that all
.NET-aware languages can consume them. Conversely, if you make use of a data type or programming
construct that is outside of the bounds of the CLS, you cannot guarantee that every .NET program-
ming language can interact with your .NET code library.

The Role of the Base Class Libraries

In addition to the CLR and CTS/CLS specifications, the .NET platform provides a base class library
that is available to all .NET programming languages. Not only does this base class library encapsu-
late various primitives such as threads, file input/output (I/0), graphical rendering, and interaction
with various external hardware devices, but it also provides support for a number of services required
by most real-world applications.

For example, the base class libraries define types that facilitate database access, XML manipula-
tion, programmatic security, and the construction of web-enabled (as well as traditional desktop and
console-based) front ends. From a high level, you can visualize the relationship between the CLR,
CTS, CLS, and the base class library, as shown in Figure 1-1.

The Base Class Library

Data Access Windows Forms Security XML/SOAP

Threading File I/0 Web Forms (et al.)

The Common Language Runtime

Common Type System Common Language Specification

Figure 1-1. The CLR, CTS, CLS, and base class library relationship

What C# Brings to the Table

Given that .NET is such a radical departure from previous technologies, Microsoft has developed
a new programming language, C# (pronounced “see sharp”), specifically for this new platform.
C# is a programming language that looks very similar (but not identical) to the syntax of Java.
However, to call C# a Java rip-off is inaccurate. Both C# and Java are based on the syntactical
constructs of C++. Just as Java is in many ways a cleaned-up version of C++, C# can be viewed as
a cleaned-up version of Java—after all, they are all in the same family of languages.
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The truth of the matter is that many of C#’s syntactic constructs are modeled after various
aspects of Visual Basic 6.0 and C++. For example, like VB6, C# supports the notion of formal type
properties (as opposed to traditional getter and setter methods) and the ability to declare methods
taking varying number of arguments (via parameter arrays). Like C++, C# allows you to overload
operators, as well as to create structures, enumerations, and callback functions (via delegates).

Due to the fact that C# is a hybrid of numerous languages, the result is a product that is as
syntactically clean—if not cleaner—than Java, is about as simple as VB6, and provides just about
as much power and flexibility as C++ (without the associated ugly bits). In a nutshell, the C# lan-
guage offers the following features (many of which are shared by other .NET-aware programming
languages):

* No pointers required! C# programs typically have no need for direct pointer manipulation
(although you are free to drop down to that level if absolutely necessary).

¢ Automatic memory management through garbage collection. Given this, C# does not sup-
port a delete keyword.

» Formal syntactic constructs for enumerations, structures, and class properties.

* The C++-like ability to overload operators for a custom type, without the complexity (e.g.,
making sure to “return *this to allow chaining” is not your problem).

* As of C# 2005, the ability to build generic types and generic members using a syntax very simi-
lar to C++ templates.

¢ Full support for interface-based programming techniques.

 Full support for aspect-oriented programming (AOP) techniques via attributes. This brand of
development allows you to assign characteristics to types and their members to further qualify
their behavior.

Perhaps the most important point to understand about the C# language shipped with the
Microsoft .NET platform is that it can only produce code that can execute within the .NET runtime
(you could never use C# to build a native COM server or a unmanaged Win32 API application).
Officially speaking, the term used to describe the code targeting the .NET runtime is managed code.
The binary unit that contains the managed code is termed an assembly (more details on assemblies
in just a bit). Conversely, code that cannot be directly hosted by the .NET runtime is termed
unmanaged code.

Additional .NET-Aware Programming Languages

Understand that C# is not the only language targeting the .NET platform. When the .NET platform
was first revealed to the general public during the 2000 Microsoft Professional Developers Confer-
ence (PDC), several vendors announced they were busy building .NET-aware versions of their
respective compilers. At the time of this writing, dozens of different languages have undergone
.NET enlightenment. In addition to the five languages that ship with Visual Studio 2005 (C#, J#,
Visual Basic .NET, Managed Extensions for C++, and JScript .NET), there are .NET compilers for
Smalltalk, COBOL, and Pascal (to name a few).

Although this book focuses (almost) exclusively on C#, Table 1-1 lists a number of .NET-enabled
programming languages and where to learn more about them (do note that these URLs are subject
to change).
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Table 1-1. A Sampling of .NET-Aware Programming Languages

.NET Language Web Link Meaning in Life

http://www.oberon.ethz.ch/oberon.net Homepage for Active Oberon .NET.

http://www.usafa.af.mil/df/dfcs/bios/ Homepage for A# (a port of Ada to the .NET platform).
mcc_html/a_sharp.cfm

http://www.netcobol.com For those interested in COBOL .NET.
http://www.eiffel.com For those interested in Eiffel .NET.
http://www.dataman.ro/dforth For those interested in Forth .NET.

http://www.silverfrost.com/11/ftn95/ For those interested in Fortran .NET.
ftn95_fortran_95_ for windows.asp

http://www.vmx-net.com Yes, even Smalltalk .NET is available.

Please be aware that Table 1-1 is not exhaustive. Numerous websites maintain a list of . NET-aware
compilers, one of which would be http://www.dotnetpowered.com/languages.aspx (again, the exact
URL is subject to change). I encourage you to visit this page, as you are sure to find many .NET
languages worth investigating (LISP .NET, anyone?).

Life in a Multilanguage World

As developers first come to understand the language-agnostic nature of .NET, numerous questions
arise. The most prevalent of these questions would have to be, “If all .NET languages compile down
to ‘managed code,’ why do we need more than one compiler?” There are a number of ways to answer
this question. First, we programmers are a very particular lot when it comes to our choice of program-
ming language (myself included). Some of us prefer languages full of semicolons and curly brackets,
with as few language keywords as possible. Others enjoy a language that offers more “human-readable”
syntactic tokens (such as Visual Basic .NET). Still others may want to leverage their mainframe skills
while moving to the .NET platform (via COBOL .NET).

Now, be honest. If Microsoft were to build a single “official” .NET language that was derived
from the BASIC family of languages, can you really say all programmers would be happy with this
choice? Or, if the only “official” .NET language was based on Fortran syntax, imagine all the folks out
there who would ignore .NET altogether. Because the .NET runtime couldn't care less which language
was used to build a block of managed code, .NET programmers can stay true to their syntactic pref-
erences, and share the compiled assemblies among teammates, departments, and external
organizations (regardless of which .NET language others choose to use).

Another excellent byproduct of integrating various .NET languages into a single unified software
solution is the simple fact that all programming languages have their own sets of strengths and weak-
nesses. For example, some programming languages offer excellent intrinsic support for advanced
mathematical processing. Others offer superior support for financial calculations, logical calculations,
interaction with mainframe computers, and so forth. When you take the strengths of a particular pro-
gramming language and then incorporate the benefits provided by the .NET platform, everybody wins.

Of course, in reality the chances are quite good that you will spend much of your time building
software using your .NET language of choice. However, once you learn the syntax of one .NET lan-
guage, it is very easy to master another. This is also quite beneficial, especially to the consultants of
the world. If your language of choice happens to be C#, but you are placed at a client site that has
committed to Visual Basic .NET, you should be able to parse the existing code body almost instantly
(honest!) while still continuing to leverage the .NET Framework. Enough said.
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An Overview of .NET Assemblies

Regardless of which .NET language you choose to program with, understand that despite the fact
that .NET binaries take the same file extension as COM servers and unmanaged Win32 binaries
(*.d11 or *.exe), they have absolutely no internal similarities. For example, *.d11 .NET binaries do
not export methods to facilitate communications with the COM runtime (given that .NET is not
COM). Furthermore, .NET binaries are not described using COM type libraries and are not regis-
tered into the system registry. Perhaps most important, .NET binaries do not contain platform-specific
instructions, but rather platform-agnostic intermediate language (IL) and type metadata. Figure 1-2
shows the big picture of the story thus far.

C#

Source Code
I~

C# Compiler

Perl .NET
Source Code
I

Perl .NET Compiler
IL

and
Metadata
(*.d11 or *.exe)

COBOL .NET

Source Code
I

COBOL .NET Compiler

Managed C++
Source Code
I ~

Managed C++ Compiler

N

Figure 1-2. All .NET-aware compilers emit IL instructions and metadata.

Note There is one point to be made regarding the abbreviation “IL.” During the development of .NET, the offi-
cial term for IL was Microsoft intermediate language (MSIL). However with the final release of .NET, the term was
changed to common intermediate language (CIL). Thus, as you read the .NET literature, understand that IL, MSIL,
and CIL are all describing the same exact entity. In keeping with the current terminology, | will use the abbreviation
“CIL” throughout this text.

When a *.d11 or *.exe has been created using a .NET-aware compiler, the resulting module is
bundled into an assembly. You will examine numerous details of .NET assemblies in Chapter 11.
However, to facilitate the discussion of the .NET runtime environment, you do need to understand
some basic properties of this new file format.

As mentioned, an assembly contains CIL code, which is conceptually similar to Java bytecode
in that it is not compiled to platform-specific instructions until absolutely necessary. Typically,
“absolutely necessary” is the point at which a block of CIL instructions (such as a method imple-
mentation) is referenced for use by the .NET runtime.

In addition to CIL instructions, assemblies also contain metadata that describes in vivid detail
the characteristics of every “type” living within the binary. For example, if you have a class named
SportsCar, the type metadata describes details such as SportsCar’s base class, which interfaces are
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implemented by SportsCar (if any), as well as a full description of each member supported by the
SportsCar type.

.NET metadata is a dramatic improvement to COM type metadata. As you may already know,
COM binaries are typically described using an associated type library (which is little more than
a binary version of Interface Definition Language [IDL] code). The problems with COM type infor-
mation are that it is not guaranteed to be present and the fact that IDL code has no way to document
the externally referenced servers that are required for the correct operation of the current COM
server. In contrast, NET metadata is always present and is automatically generated by a given
.NET-aware compiler.

Finally, in addition to CIL and type metadata, assemblies themselves are also described using
metadata, which is officially termed a manifest. The manifest contains information about the current
version of the assembly, culture information (used for localizing string and image resources), and
a list of all externally referenced assemblies that are required for proper execution. You'll examine
various tools that can be used to examine an assembly’s types, metadata, and manifest information
over the course of the next few chapters.

Single-File and Multifile Assemblies

In a great number of cases, there is a simple one-to-one correspondence between a .NET assembly
and the binary file (*.d11 or *.exe). Thus, if you are building a .NET *.d11, it is safe to consider that
the binary and the assembly are one and the same. Likewise, if you are building an executable desk-
top application, the *.exe can simply be referred to as the assembly itself. As you'll see in Chapter 11,
however, this is not completely accurate. Technically speaking, if an assembly is composed of a single
*.d11 or *.exe module, you have a single-file assembly. Single-file assemblies contain all the neces-
sary CIL, metadata, and associated manifest in an autonomous, single, well-defined package.

Multifile assemblies, on the other hand, are composed of numerous .NET binaries, each of which
is termed a module. When building a multifile assembly, one of these modules (termed the primary
module) must contain the assembly manifest (and possibly CIL instructions and metadata for various
types). The other related modules contain a module level manifest, CIL, and type metadata. As you
might suspect, the primary module documents the set of required secondary modules within the
assembly manifest.

So, why would you choose to create a multifile assembly? When you partition an assembly into
discrete modules, you end up with a more flexible deployment option. For example, if a user is ref-
erencing a remote assembly that needs to be downloaded onto his or her machine, the runtime will
only download the required modules. Therefore, you are free to construct your assembly in such a way
that less frequently required types (such as a type named HardDriveReformatter) are kept in a sepa-
rate stand-alone module.

In contrast, if all your types were placed in a single-file assembly, the end user may end up
downloading a large chunk of data that is not really needed (which is obviously a waste of time).
Thus, as you can see, an assembly is really a logical grouping of one or more related modules that
are intended to be initially deployed and versioned as a single unit.

The Role of the Common Intermediate Language

Now that you have a better feel for .NET assemblies, let’s examine the role of the common
intermediate language (CIL) in a bit more detail. CIL is a language that sits above any particular
platform-specific instruction set. Regardless of which .NET-aware language you choose, the
associated compiler emits CIL instructions. For example, the following C# code models a trivial
calculator. Don’t concern yourself with the exact syntax for now, but do notice the format of the
Add() method in the Calc class:

11
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// Calc.cs
using System;

namespace CalculatorExample

{
// This class contains the app's entry point.
public class CalcApp
{
static void Main()
{
Calc ¢ = new Calc();
int ans = c.Add(10, 84);
Console.WritelLine("10 + 84 is {0}.", ans);
// Wait for user to press the Enter key before shutting down.
Console.ReadlLine();
}
}
// The C# calculator.
public class Calc
{
public int Add(int x, int y)
{ return x +y; }
}
}

Once the C# compiler (csc.exe) compiles this source code file, you end up with a single-file
*.exe assembly that contains a manifest, CIL instructions, and metadata describing each aspect of
the Calc and CalcApp classes. For example, if you were to open this assembly using ildasm.exe
(examined a little later in this chapter), you would find that the Add() method is represented using
CIL such as the following:

.method public hidebysig instance int32 Add(int32 x, int32 y) cil managed
{

// Code size 8 (0x8)

.maxstack 2

.locals init ([0] int32 CS$1$0000)

IL_0000: ldarg.1

IL 0001: ldarg.2

IL 0002: add

IL_0003: stloc.0

IL 0004: br.s IL 0006
IL 0006: ldloc.0

IL_0007: ret

} // end of method Calc::Add

Don’t worry if you are unable to make heads or tails of the resulting CIL for this method—
Chapter 15 will describe the basics of the CIL programming language. The point to concentrate on
is that the C# compiler emits CIL, not platform-specific instructions.

Now, recall that this is true of all .NET-aware compilers. To illustrate, assume you created this
same application using Visual Basic .NET (VB .NET), rather than C#:
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' Calc.vb
Imports System

Namespace CalculatorExample
' A VB .NET 'Module' is a class that only contains
' static members.
Module CalcApp
Sub Main()
Dim ans As Integer
Dim ¢ As New Calc
ans = c.Add(10, 84)
Console.WriteLine("10 + 84 is {0}.", ans)
Console.ReadLine()
End Sub
End Module

Class Calc
Public Function Add(ByVal x As Integer, ByVal y As Integer) As Integer
Return x +y
End Function
End Class
End Namespace

If you examine the CIL for the Add() method, you find similar instructions (slightly tweaked by
the VB .NET compiler):

.method public instance int32 Add(int32 x, int32 y) cil managed

// Code size 9 (0x9)
.maxstack 2

.locals init ([0] int32 Add)
IL_0000: nop

IL_0001: ldarg.1

IL 0002: ldarg.2

IL 0003: add.ovf

IL_0004: stloc.0

IL_0005: br.s IL_0007
IL_0007: 1ldloc.0
IL_0008: ret

} // end of method Calc::Add

Benefits of CIL

At this point, you might be wondering exactly what is gained by compiling source code into CIL
rather than directly to a specific instruction set. One benefit is language integration. As you have
already seen, each .NET-aware compiler produces nearly identical CIL instructions. Therefore, all
languages are able to interact within a well-defined binary arena.

Furthermore, given that CIL is platform-agnostic, the .NET Framework itself is platform-agnostic,
providing the same benefits Java developers have grown accustomed to (i.e., a single code base run-
ning on numerous operating systems). In fact, there is an international standard for the C# language,
and a large subset of the .NET platform and implementations already exist for many non-Windows
operating systems (more details at the conclusion of this chapter). In contrast to Java, however, .NET
allows you to build applications using your language of choice.

13
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Compiling CIL to Platform-Specific Instructions

Due to the fact that assemblies contain CIL instructions, rather than platform-specific instructions,
CIL code must be compiled on the fly before use. The entity that compiles CIL code into meaningful
CPU instructions is termed a just-in-time (JIT) compiler, which sometimes goes by the friendly name
of Jitter. The .NET runtime environment leverages a JIT compiler for each CPU targeting the runtime,
each optimized for the underlying platform.

For example, if you are building a .NET application that is to be deployed to a handheld
device (such as a Pocket PC), the corresponding Jitter is well equipped to run within a low-
memory environment. On the other hand, if you are deploying your assembly to a back-end
server (where memory is seldom an issue), the Jitter will be optimized to function in a high-
memory environment. In this way, developers can write a single body of code that can be
efficiently JIT-compiled and executed on machines with different architectures.

Furthermore, as a given Jitter compiles CIL instructions into corresponding machine code, it
will cache the results in memory in a manner suited to the target operating system. In this way, if
a call is made to a method named PrintDocument (), the CIL instructions are compiled into platform-
specific instructions on the first invocation and retained in memory for later use. Therefore, the
next time PrintDocument() is called, there is no need to recompile the CIL.

The Role of .NET Type Metadata

In addition to CIL instructions, a .NET assembly contains full, complete, and accurate metadata,
which describes each and every type (class, structure, enumeration, and so forth) defined in the
binary, as well as the members of each type (properties, methods, events, and so on). Thankfully, it
is always the job of the compiler (not the programmer) to emit the latest and greatest type meta-
data. Because .NET metadata is so wickedly meticulous, assemblies are completely self-describing
entities—so much so, in fact, that .NET binaries have no need to be registered into the system reg-
istry.

To illustrate the format of .NET type metadata, let’s take a look at the metadata that has been
generated for the Add() method of the C# Calc class you examined previously (the metadata gener-
ated for the VB .NET version of the Add() method is similar):

TypeDef #2 (02000003)
TypDefName: CalculatorExample.Calc (02000003)
Flags : [Public] [AutoLayout] [Class]
[AnsiClass] [BeforeFieldInit] (00100001)
Extends  : 01000001 [TypeRef] System.Object
Method #1 (06000003)
MethodName: Add (06000003)
Flags : [Public] [HideBySig] [ReuseSlot] (00000086)
RVA : 0x00002090
ImplFlags : [IL] [Managed] (00000000)
CallCnvntn: [DEFAULT]
hasThis
ReturnType: I4
2 Arguments
Argument #1: 1I4
Argument #2: 14
2 Parameters
(1) ParamToken : (08000001) Name : x flags: [none] (00000000)
(2) ParamToken : (08000002) Name : y flags: [none] (00000000)
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Metadata is used by numerous aspects of the .NET runtime environment, as well as by
various development tools. For example, the IntelliSense feature provided by Visual Studio
2005 is made possible by reading an assembly’s metadata at design time. Metadata is also used
by various object browsing utilities, debugging tools, and the C# compiler itself. To be sure,
metadata is the backbone of numerous .NET technologies including remoting, reflection, late
binding, XML web services, and object serialization.

The Role of the Assembly Manifest

Last but not least, remember that a .NET assembly also contains metadata that describes the
assembly itself (technically termed a manifest). Among other details, the manifest documents all
external assemblies required by the current assembly to function correctly, the assembly’s version
number, copyright information, and so forth. Like type metadata, it is always the job of the com-
piler to generate the assembly’s manifest. Here are some relevant details of the
CSharpCalculator.exe manifest:

.assembly extern mscorlib

{
.publickeytoken = (B7 7A 5C 56 19 34 EO 89 )
.ver 2:0:0:0

}

.assembly CSharpCalculator

{

.hash algorithm 0x00008004
.ver 0:0:0:0

.module CSharpCalculator.exe
.imagebase 0x00400000
.subsystem 0x00000003

.file alignment 512
.corflags 0x00000001

In a nutshell, this manifest documents the list of external assemblies required by CSharpCalcu-
lator.exe (via the .assembly extern directive) as well as various characteristics of the assembly
itself (version number, module name, and so on).

Understanding the Common Type System

A given assembly may contain any number of distinct “types.” In the world of .NET, “type” is sim-
ply a generic term used to refer to a member from the set {class, structure, interface, enumeration,
delegate}. When you build solutions using a .NET-aware language, you will most likely interact
with each of these types. For example, your assembly may define a single class that implements
some number of interfaces. Perhaps one of the interface methods takes an enumeration type as an
input parameter and returns a structure to the caller.

Recall that the Common Type System (CTS) is a formal specification that documents how types
must be defined in order to be hosted by the CLR. Typically, the only individuals who are deeply
concerned with the inner workings of the CTS are those building tools and/or compilers that target
the .NET platform. It is important, however, for all .NET programmers to learn about how to work
with the five types defined by the CTS in their language of choice. Here is a brief overview.

15
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CTS Class Types

Every .NET-aware language supports, at the very least, the notion of a class type, which is the corner-
stone of object-oriented programming (OOP). A class may be composed of any number of members
(such as properties, methods, and events) and data points (fields). In C#, classes are declared using
the class keyword:

// A C# class type.
public class Calc

{
public int Add(int x, int y)
{ return x +y; }

Chapter 4 examines the process of building CTS class types with C#; however, Table 1-2 documents
anumber of characteristics pertaining to class types.

Table 1-2. CTS Class Characteristics

Class Characteristic Meaning in Life

Is the class “sealed” or not? Sealed classes cannot function as a base class to other classes.
Does the class implement any An interface is a collection of abstract members that
interfaces? provide a contract between the object and object user. The

CTS allows a class to implement any number of interfaces.

Is the class abstract or concrete? Abstract classes cannot be directly created, but are intended
to define common behaviors for derived types. Concrete
classes can be created directly.

What is the “visibility” of this class? Each class must be configured with a visibility attribute.
Basically, this trait defines if the class may be used by external
assemblies, or only from within the defining assembly (e.g.,
a private helper class).

CTS Structure Types

The concept of a structure is also formalized under the CTS. If you have a C background, you should
be pleased to know that these user-defined types (UDTs) have survived in the world of .NET (although
they behave a bit differently under the hood). Simply put, a structure can be thought of as a lightweight
class type having value-based semantics. For more details on the subtleties of structures, see Chapter 3.
Typically, structures are best suited for modeling geometric and mathematical data, and are created in
C# using the struct keyword:

// A C# structure type.
struct Point

{

// Structures can contain fields.
public int xPos, yPos;

// Structures can contain parameterized constructors.
public Point(int x, int y)
{ xPos = x; yPos =y;}

// Structures may define methods.
public void Display()
{

}

Console.WriteLine(" ({0}, {1}", xPos, yPos);
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CTS Interface Types

Interfaces are nothing more than a named collection of abstract member definitions, which may be
supported (i.e., implemented) by a given class or structure. Unlike COM, .NET interfaces do not derive
a common base interface such as IUnknown. In C#, interface types are defined using the interface key-
word, for example:

// A C# interface type.
public interface IDraw

{
}

void Draw();

On their own, interfaces are of little use. However, when a class or structure implements
a given interface in its unique way, you are able to request access to the supplied functionality
using an interface reference in a polymorphic manner. Interface-based programming will be
fully explored in Chapter 7.

CTS Enumeration Types

Enumerations are a handy programming construct that allows you to group name/value pairs. For
example, assume you are creating a video-game application that allows the player to select one of
three character categories (Wizard, Fighter, or Thief). Rather than keeping track of raw numerical
values to represent each possibility, you could build a custom enumeration using the enum keyword:

// A C# enumeration type.
public enum CharacterType

{
Wizard = 100,
Fighter = 200,
Thief = 300

}

By default, the storage used to hold each item is a 32-bit integer; however, it is possible to
alter this storage slot if need be (e.g., when programming for a low-memory device such as
a Pocket PC). Also, the CTS demands that enumerated types derive from a common base class,
System.Enum. As you will see in Chapter 3, this base class defines a number of interesting mem-
bers that allow you to extract, manipulate, and transform the underlying name/value pairs
programmatically.

CTS Delegate Types

Delegates are the .NET equivalent of a type-safe C-style function pointer. The key difference is that
a .NET delegate is a class that derives from System.MulticastDelegate, rather than a simple pointer
to a raw memory address. In C#, delegates are declared using the delegate keyword:

// This C# delegate type can 'point to' any method
// returning an integer and taking two integers as input.
public delegate int BinaryOp(int x, int y);

Delegates are useful when you wish to provide a way for one entity to forward a call to another
entity, and provide the foundation for the .NET event architecture. As you will see in Chapters 8 and 14,
delegates have intrinsic support for multicasting (i.e., forwarding a request to multiple recipients) and
asynchronous method invocations.

17
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CTS Type Members

Now that you have previewed each of the types formalized by the CTS, realize that most types take
any number of members. Formally speaking, a type member is constrained by the set {constructor,
finalizer, static constructor, nested type, operator, method, property, indexer, field, read only field,
constant, event}.

The CTS defines various “adornments” that may be associated with a given member. For exam-
ple, each member has a given visibility trait (e.g., public, private, protected, and so forth). Some
members may be declared as abstract to enforce a polymorphic behavior on derived types as well as
virtual to define a canned (but overridable) implementation. Also, most members may be config-
ured as static (bound at the class level) or instance (bound at the object level). The construction of
type members is examined over the course of the next several chapters.

Note As described in Chapter 10, .NET 2.0 supports the construction of generic types and generic members.

Intrinsic CTS Data Types

The final aspect of the CTS to be aware of for the time being is that it establishes a well-defined set
of core data types. Although a given language typically has a unique keyword used to declare an
intrinsic CTS data type, all language keywords ultimately resolve to the same type defined in an
assembly named mscorlib.dll. Consider Table 1-3, which documents how key CTS data types are
expressed in various .NET languages.

Table 1-3. The Intrinsic CTS Data Types

CTS Data Type VB .NET Keyword C# Keyword Managed Extensions for C++ Keyword
System.Byte Byte byte unsigned char

System.SByte SByte sbyte signed char

System.Int16 Short short short

System.Int32 Integer int int or long

System.Int64 Long long __int64

System.UInt16 UShort ushort unsigned short

System.UInt32 UInteger uint unsigned int orunsigned long
System.UInt64 ULong ulong unsigned _ int64
System.Single Single float Float

System.Double Double double Double

System.Object Object object Object”

System.Char Char char wchar_t

System.String String string String®

System.Decimal Decimal decimal Decimal

System.Boolean Boolean bool Bool
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Understanding the Common Language Specification

As you are aware, different languages express the same programming constructs in unique, language-
specific terms. For example, in C# you denote string concatenation using the plus operator (+), while
in VB .NET you typically make use of the ampersand (&). Even when two distinct languages express
the same programmatic idiom (e.g., a function with no return value), the chances are very good that
the syntax will appear quite different on the surface:

VB .NET method returning nothing.
Public Sub MyMethod()

' Some interesting code...
End Sub

// C# method returning nothing.
public void MyMethod()

{
}

// Some interesting code...

As you have already seen, these minor syntactic variations are inconsequential in the eyes of the
.NET runtime, given that the respective compilers (vbc.exe or csc.exe, in this case) emit a similar set
of CIL instructions. However, languages can also differ with regard to their overall level of functional-
ity. For example, a .NET language may or may not have a keyword to represent unsigned data, and may
or may not support pointer types. Given these possible variations, it would be ideal to have a baseline
to which all .NET-aware languages are expected to conform.

The Common Language Specification (CLS) is a set of rules that describe in vivid detail the
minimal and complete set of features a given .NET-aware compiler must support to produce code
that can be hosted by the CLR, while at the same time be accessed in a uniform manner by all
languages that target the .NET platform. In many ways, the CLS can be viewed as a subset of the
full functionality defined by the CTS.

The CLS is ultimately a set of rules that compiler builders must conform to, if they intend their
products to function seamlessly within the .NET universe. Each rule is assigned a simple name (e.g.,
“CLS Rule 6”) and describes how this rule affects those who build the compilers as well as those
who (in some way) interact with them. The creme de la creme of the CLS is the mighty Rule 1:

* Rule I: CLS rules apply only to those parts of a type that are exposed outside the defining
assembly.

Given this rule, you can (correctly) infer that the remaining rules of the CLS do not apply to the
logic used to build the inner workings of a .NET type. The only aspects of a type that must conform
to the CLS are the member definitions themselves (i.e., naming conventions, parameters, and
return types). The implementation logic for a member may use any number of non-CLS techniques,
as the outside world won’t know the difference.

To illustrate, the following Add() method is not CLS-compliant, as the parameters and return
values make use of unsigned data (which is not a requirement of the CLS):

public class Calc

{
// Exposed unsigned data is not CLS compliant!
public ulong Add(ulong x, ulong y)
{ return x + y;}
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However, if you were to simply make use of unsigned data internally as follows:

public class Calc

{
public int Add(int x, int y)
{
// As this ulong variable is only used internally,
// we are still CLS compliant.
ulong temp;
return x +y;
}
}

you have still conformed to the rules of the CLS, and can rest assured that all .NET languages are
able to invoke the Add() method.

Of course, in addition to Rule 1, the CLS defines numerous other rules. For example, the CLS
describes how a given language must represent text strings, how enumerations should be represented
internally (the base type used for storage), how to define static members, and so forth. Luckily, you
don’t have to commit these rules to memory to be a proficient .NET developer. Again, by and large, an
intimate understanding of the CTS and CLS specifications is only of interest to tool/compiler builders.

Ensuring CLS Compliance

As you will see over the course of this book, C# does define a number of programming constructs
that are not CLS-compliant. The good news, however, is that you can instruct the C# compiler to
check your code for CLS compliance using a single .NET attribute:

// Tell the C# compiler to check for CLS compliance.
[assembly: System.CLSCompliant(true)]

Chapter 12 dives into the details of attribute-based programming. Until then, simply under-
stand that the [CLSCompliant] attribute will instruct the C# compiler to check each and every line of
code against the rules of the CLS. If any CLS violations are discovered, you receive a compiler error
and a description of the offending code.

Understanding the Common Language Runtime

In addition to the CTS and CLS specifications, the final TLA (three letter abbreviation) to contend
with at the moment is the CLR. Programmatically speaking, the term runtime can be understood as
a collection of external services that are required to execute a given compiled unit of code. For
example, when developers make use of the Microsoft Foundation Classes (MFC) to create a new
application, they are aware that their program requires the MFC runtime library (i.e., mfc42.d11).
Other popular languages also have a corresponding runtime. VB6 programmers are also tied to

a runtime module or two (e.g., msvbvm60.d11). Java developers are tied to the Java Virtual Machine
(JVM) and so forth.

The .NET platform offers yet another runtime system. The key difference between the .NET
runtime and the various other runtimes I just mentioned is the fact that the .NET runtime provides
a single well-defined runtime layer that is shared by all languages and platforms that are .NET-aware.

The crux of the CLR is physically represented by a library named mscoree.d11 (aka the Com-
mon Object Runtime Execution Engine). When an assembly is referenced for use, mscoree.dl1l is
loaded automatically, which in turn loads the required assembly into memory. The runtime engine
is responsible for a number of tasks. First and foremost, it is the entity in charge of resolving
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the location of an assembly and finding the requested type within the binary by reading the con-
tained metadata. The CLR then lays out the type in memory, compiles the associated CIL into
platform-specific instructions, performs any necessary security checks, and then executes the code
in question.

In addition to loading your custom assemblies and creating your custom types, the CLR will
also interact with the types contained within the .NET base class libraries when required. Although
the entire base class library has been broken into a number of discrete assemblies, the key
assembly is mscorlib.dll. mscorlib.dll contains a large number of core types that encapsulate
a wide variety of common programming tasks as well as the core data types used by all .NET lan-
guages. When you build .NET solutions, you automatically have access to this particular assembly.

Figure 1-3 illustrates the workflow that takes place between your source code (which is
making use of base class library types), a given .NET compiler, and the .NET execution engine.

Some .NET
Compiler
Your .NET
Source Code
from Some l
.NET-Aware
Language *.d11 or *.exe
Assembly
- (CIL, Metadata, and Manifest)
.NET Execution Engine
(mscoree.dll)
Ba}e Cl?SS Class Loader
Libraries
(mscorlib.dll .
and So Forth) Jitter
7

Platform-
Specific
Instructions

Execute the
member.

Figure 1-3. mscoree.dll in action
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The Assembly/Namespace/Type Distinction

Each of us understands the importance of code libraries. The point of libraries such as MFC, J2EE,
and ATL is to give developers a well-defined set of existing code to leverage in their applications.
However, the C# language does not come with a language-specific code library. Rather, C# developers
leverage the language-neutral .NET libraries. To keep all the types within the base class libraries well
organized, the .NET platform makes extensive use of the namespace concept.

Simply put, a namespace is a grouping of related types contained in an assembly. For example,
the System.I0 namespace contains file I/O related types, the System.Data namespace defines basic
database types, and so on. It is very important to point out that a single assembly (such asmscorlib.d11)
can contain any number of namespaces, each of which can contain any number of types.

To clarify, Figure 1-4 shows a screen shot of the Visual Studio 2005 Object Brower utility. This tool
allows you to examine the assemblies referenced by your current project, the namespaces within
a particular assembly, the types within a given namespace, and the members of a specific type. Note
thatmscorlib.dll contains many different namespaces, each with its own semantically related types.

Figure 1-4. A single assembly can have any number of namespaces.

The key difference between this approach and a language-specific library such as MFC is that
any language targeting the .NET runtime makes use of the same namespaces and same types. For
example, the following three programs all illustrate the ubiquitous “Hello World” application, writ-
ten in C#, VB .NET, and Managed Extensions for C++:

// Hello world in Ci
using System;

public class MyApp

{
static void Main()
{
Console.WritelLine("Hi from C#");
}
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' Hello world in VB .NET
Imports System

Public Module MyApp
Sub Main()
Console.WriteLine("Hi from VB .NET")
End Sub
End Module

// Hello world in Managed Extensions for C++
#include "stdafx.h"
using namespace System;

int main(array<System::String *> "args)

{
Console: :WriteLine(L"Hi from managed C++");
return 0;

Notice that each language is making use of the Console class defined in the System namespace.
Beyond minor syntactic variations, these three applications look and feel very much alike, both
physically and logically.

Clearly, your primary goal as a .NET developer is to get to know the wealth of types defined in
the (numerous) .NET namespaces. The most fundamental namespace to get your hands around is
named System. This namespace provides a core body of types that you will need to leverage time and
again as a .NET developer. In fact, you cannot build any sort of functional C# application without at
least making a reference to the System namespace. Table 1-4 offers a rundown of some (but certainly
not all) of the .NET namespaces.

Table 1-4. A Sampling of .NET Namespaces

.NET Namespace Meaning in Life

System Within System you find numerous useful types dealing with
intrinsic data, mathematical computations, random number
generation, environment variables, and garbage collection, as well
as a number of commonly used exceptions and attributes.

System.Collections These namespaces define a number of stock container objects

System.Collections.Generic (Arraylist, Queue, and so forth), as well as base types and
interfaces that allow you to build customized collections. As of
.NET 2.0, the collection types have been extended with generic

capabilities.
System.Data These namespaces are used for interacting with databases using
System.Data.0dbc ADO.NET.

System.Data.OracleClient
System.Data.0leDb
System.Data.SqlClient

System.Diagnostics Here, you find numerous types that can be used to
programmatically debug and trace your source code.

System.Drawing Here, you find numerous types wrapping graphical primitives
System.Drawing.Drawing2D such as bitmaps, fonts, and icons, as well as printing capabilities.
System.Drawing.Printing

Continued
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Table 1-4. (Continued)

.NET Namespace Meaning in Life

System.IO These namespaces include file I/0, buffering, and so forth. As of
System.IO0.Compression .NET 2.0, the I0 namespaces now include support compression
System.I0.Ports and port manipulation.

System.Net This namespace (as well as other related namespaces) contains

types related to network programming (requests/responses,
sockets, end points, and so on).

System.Reflection These namespaces define types that support runtime type

System.Reflection.Emit discovery as well as dynamic creation of types.

System.Runtime. This namespace provides facilities to allow .NET types to interact

InteropServices with “unmanaged code” (e.g., C-based DLLs and COM servers)
and vice versa.

System.Runtime.Remoting This namespace (among others) defines types used to build

solutions that incorporate the .NET remoting layer.

System.Security Security is an integrated aspect of the .NET universe. In the
security-centric namespaces you find numerous types dealing
with permissions, cryptography, and so on.

System.Threading This namespace defines types used to build multithreaded
applications.
System.Web A number of namespaces are specifically geared toward the

development of .NET web applications, including ASPNET and
XML web services.

System.Windows.Forms This namespace contains types that facilitate the construction of
traditional desktop GUI applications.

System.Xml The XML-centric namespaces contain numerous types used to
interact with XML data.

Accessing a Namespace Programmatically

It is worth reiterating that a namespace is nothing more than a convenient way for us mere humans
to logically understand and organize related types. Consider again the System namespace. From
your perspective, you can assume that System.Console represents a class named Console that is
contained within a namespace called System. However, in the eyes of the .NET runtime, this is not
so. The runtime engine only sees a single entity named System.Console.

In C#, the using keyword simplifies the process of referencing types defined in a particular
namespace. Here is how it works. Let’s say you are interested in building a traditional desktop appli-
cation. The main window renders a bar chart based on some information obtained from a back-end
database and displays your company logo. While learning the types each namespace contains takes
study and experimentation, here are some obvious candidates to reference in your program:

// Here are all the namespaces used to build this application.

using System; // General base class library types.
using System.Drawing; // Graphical rendering types.

using System.Windows.Forms; // QUI widget types.

using System.Data; // General data-centric types.
using System.Data.SqlClient; // MS SQL Server data access types.

Once you have specified some number of namespaces (and set a reference to the assemblies
that define them), you are free to create instances of the types they contain. For example, if you are
interested in creating an instance of the Bitmap class (defined in the System.Drawing namespace),
you can write:
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// Explicitly list the namespaces used by this file.
using System;
using System.Drawing;

class MyApp
{

public void Displaylogo()
{
// Create a 20_20 pixel bitmap.
Bitmap companylLogo = new Bitmap(20, 20);

Because your application is referencing System.Drawing, the compiler is able to resolve the
Bitmap class as a member of this namespace. If you did not specify the System.Drawing namespace,
you would be issued a compiler error. However, you are free to declare variables using a fully quali-
fied name as well:

// Not listing System.Drawing namespace!
using System;

class MyApp
{

public void Displaylogo()

{
// Using fully qualified name.
System.Drawing.Bitmap companylogo =
new System.Drawing.Bitmap(20, 20);
}

While defining a type using the fully qualified name provides greater readability, I think you'd
agree that the C# using keyword reduces keystrokes. In this text, I will avoid the use of fully qualified
names (unless there is a definite ambiguity to be resolved) and opt for the simplified approach of
the C# using keyword.

However, always remember that this technique is simply a shorthand notation for speci-
fying a type’s fully qualified name, and each approach results in the exact same underlying CIL
(given the fact that CIL code always makes use of fully qualified names) and has no effect on
performance or the size of the assembly.

Referencing External Assemblies

In addition to specifying a namespace via the C# using keyword, you also need to tell the C# com-
piler the name of the assembly containing the actual CIL definition for the referenced type. As
mentioned, many core .NET namespaces live within mscorlib.d11. However, the System.Drawing.
Bitmap type is contained within a separate assembly named System.Drawing.dll. A vast majority of
the .NET Framework assemblies are located under a specific directory termed the global assembly
cache (GAC). On a Windows machine, this can be located under %windir%\Assembly, as shown in
Figure 1-5.
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Figure 1-5. The base class libraries reside in the GAC.

Depending on the development tool you are using to build your .NET applications, you will
have various ways to inform the compiler which assemblies you wish to include during the compi-
lation cycle. You'll examine how to do so in the next chapter, so I'll hold off on the details for now.

Using ildasm.exe

If you are beginning to feel a tad overwhelmed at the thought of gaining mastery over every namespace
in the .NET platform, just remember that what makes a namespace unique is that it contains types that
are somehow semantically related. Therefore, if you have no need for a user interface beyond a simple
console application, you can forget all about the System.Windows .Forms and System.Web namespaces
(among others). If you are building a painting application, the database namespaces are most likely of
little concern. Like any new set of prefabricated code, you learn as you go.

The Intermediate Language Disassembler utility (i1dasm.exe) allows you to load up any .NET
assembly and investigate its contents, including the associated manifest, CIL code, and type meta-
data. By default, ildasm.exe should be installed under C:\Program Files\Microsoft Visual Studio
8\SDK\v2.0\Bin (if you cannot find ildasm.exe in this location, simply search your machine for
a file named “ildasm.exe”).

Once you locate and run this tool, proceed to the File » Open menu command and navigate to
an assembly you wish to explore. By way of illustration, here is the CSharpCalculator.exe assembly
shown earlier in this chapter (see Figure 1-6). ildasm.exe presents the structure of an assembly
using a familiar tree-view format.
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Figure 1-6. Your new best friend, ildasm.exe

Viewing CIL Code

In addition to showing the namespaces, types, and members contained in a given assembly, i1dasm.exe
also allows you to view the CIL instructions for a given member. For example, if you were to double-

click the Main() method of the CalcApp class, a separate window would display the underlying CIL (see
Figure 1-7).

Figure 1-7. Viewing the underlying CIL
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Viewing Type Metadata

If you wish to view the type metadata for the currently loaded assembly, press Ctrl+M. Figure 1-8
shows the metadata for the Calc.Add() method.

Figure 1-8. Viewing type metadata via ildasm.exe

Viewing Assembly Metadata

Finally, if you are interested in viewing the contents of the assembly’s manifest, simply double-click
the MANIFEST icon (see Figure 1-9).

Figure 1-9. Double-click here to view the assembly manifest.
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To be sure, ildasm.exe has more options than shown here, and I will illustrate additional features
of the tool where appropriate in the text. As you read through this text, I strongly encourage you to
open your assemblies using ildasm.exe to see how your C# code is processed into platform-agnostic
CIL code. Although you do not need to become an expert in CIL code to be a C# superstar, under-
standing the syntax of CIL will only strengthen your programming muscle.

Deploying the .NET Runtime

It should come as no surprise that .NET assemblies can be executed only on a machine that has the
.NET Framework installed. As an individual who builds .NET software, this should never be an issue,
as your development machine will be properly configured at the time you install the freely available
.NET Framework 2.0 SDK (as well as commercial .NET development environments such as Visual
Studio 2005).

However, if you deploy an assembly to a computer that does not have .NET installed, it will fail
to run. For this reason, Microsoft provides a setup package named dotnetfx.exe that can be freely
shipped and installed along with your custom software. This installation program is included with
the .NET Framework 2.0 SDK, and it is also freely downloadable from Microsoft.

Once dotnetfx.exe is installed, the target machine will now contain the .NET base class libraries,
.NET runtime (mscoree.dll), and additional .NET infrastructure (such as the GAC).

Note Do be aware that if you are building a .NET web application, the end user’s machine does not need to be
configured with the .NET Framework, as the browser will simply receive generic HTML and possibly client-side
JavaScript.

The Platform-Independent Nature of .NET

To close this chapter, allow me to briefly comment on the platform-independent nature of the .NET
platform. To the surprise of most developers, .NET assemblies can be developed and executed on
non-Microsoft operating systems (Mac OS X, numerous Linux distributions, BeOS, and FreeBSD, to
name a few). To understand how this is possible, you need to come to terms to yet another abbrevi-
ation in the .NET universe: CLI (Common Language Infrastructure).

When Microsoft released the C# programming language and the .NET platform, it also crafted
a set of formal documents that described the syntax and semantics of the C# and CIL languages, the
.NET assembly format, core NET namespaces, and the mechanics of a hypothetical .NET runtime
engine (known as the Virtual Execution System, or VES). Better yet, these documents have been sub-
mitted to Ecma International as official international standards (http://www.ecma-international.org).
The specifications of interest are

¢ ECMA-334: The C# Language Specification
* ECMA-335: The Common Language Infrastructure (CLI)

The importance of these documents becomes clear when you understand that they enable third
parties to build distributions of the .NET platform for any number of operating systems and/or
processors. ECMA-335 is perhaps the more “meaty” of the two specifications, so much so that is has
been broken into five partitions, as shown in Table 1-5.
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Table 1-56. Partitions of the CLI

Partitions of ECMA-335 Meaning in Life

Partition I: Architecture Describes the overall architecture of the CLI, including the rules of the
CTS and CLS, and the mechanics of the .NET runtime engine

Partition II: Metadata Describes the details of .NET metadata

Partition III: CIL Describes the syntax and semantics of CIL code

Partition IV: Libraries Gives a high-level overview of the minimal and complete class libraries

that must be supported by a .NET distribution.

Partition V: Annexes A collection of “odds and ends” details such as class library design
guidelines and the implementation details of a CIL compiler

Be aware that Partition IV (Libraries) defines only a minimal set of namespaces that represent
the core services expected by a CLI distribution (collections, console I/0, file I/0, threading, reflec-
tion, network access, core security needs, XML manipulation, and so forth). The CLI does not define
namespaces that facilitate web development (ASPNET), database access (ADO.NET), or desktop
graphical user interface (GUI) application development (Windows Forms).

The good news, however, is that the mainstream .NET distributions extend the CLI libraries with
Microsoft-compatible equivalents of ASPNET, ADO.NET, and Windows Forms in order to provide full-
featured, production-level development platforms. To date, there are two major implementations of
the CLI (beyond Microsoft’s Windows-specific offering). Although this text focuses on the creation of
.NET applications using Microsoft’s .NET distribution, Table 1-6 provides information regarding the
Mono and Portable .NET projects.

Table 1-6. Open Source .NET Distributions

Distribution Meaning in Life

http://www.mono-project.com The Mono project is an open source distribution of the CLI that
targets various Linux distributions (e.g., SuSE, Fedora, and so
on) as well as Win32 and Mac OS X.

http://www.dotgnu.org Portable.NET is another open source distribution of the CLI that
runs on numerous operating systems. Portable.NET aims to
target as many operating systems as possible (Win32, AIX, BeOS,
Mac OS X, Solaris, all major Linux distributions, and so on).

Both Mono and Portable.NET provide an ECMA-compliant C# compiler, NET runtime engine,
code samples, documentation, as well as numerous development tools that are functionally
equivalent to the tools that ship with Microsoft’s .NET Framework 2.0 SDK. Furthermore, Mono
and Portable.NET collectively ship with a VB .NET, Java, and C complier.

Note If you wish to learn more about Mono or Portable.NET, check out Cross-Platform .NET Development: Using
Mono, Portable.NET, and Microsoft .NET by M. J. Easton and Jason King (Apress, 2004).
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Summary

The point of this chapter was to lay out the conceptual framework necessary for the remainder of
this book. I began by examining a number of limitations and complexities found within the tech-
nologies prior to .NET, and followed up with an overview of how .NET and C# attempt to simplify
the current state of affairs.

.NET basically boils down to a runtime execution engine (mscoree.dll) and base class library
(mscorlib.dll and associates). The common language runtime (CLR) is able to host any .NET binary
(aka assembly) that abides by the rules of managed code. As you have seen, assemblies contain CIL
instructions (in addition to type metadata and the assembly manifest) that are compiled to platform-
specific instructions using a just-in-time (JIT) compiler. In addition, you explored the role of the
Common Language Specification (CLS) and Common Type System (CTS).

This was followed by an examination of the ildasm.exe utility, as well as coverage of how to
configure a machine to host .NET applications using dotnetfx.exe. I wrapped up by briefly address-
ing the platform-independent nature of C# and the .NET platform.

31






CHAPTER 2

Building G# Applications

As a C# programmer, you may choose among numerous tools to build .NET applications. The
point of this chapter is to provide a tour of various .NET development options, including, of course,
Visual Studio 2005. The chapter opens, however, with an examination of working with the C#
command-line compiler, csc.exe, and the simplest of all text editors, Notepad (notepad.exe). Along
the way, you will also learn about the process of debugging .NET assemblies at the command line
using cordbg.exe. Once you become comfortable compiling and debugging assemblies “IDE-free,”
you will then examine how the TextPad application allows you to edit and compile C# source code
files in a (slightly) more sophisticated manner.

While you could work through this entire text using nothing other than csc.exe and Notepad/
TextPad, I'd bet you are also interested in working with feature-rich integrated development environ-
ments (IDEs). To this end, you will be introduced to an open source IDE named SharpDevelop. This
IDE rivals the functionality of many commercial .NET development environments (and it’s free!).
After briefly examining the Visual C# 2005 Express IDE, you will turn your attention to Visual
Studio 2005. This chapter wraps up with a quick tour of a number of complementary .NET develop-
ment tools (many of which are open source) and describes where to obtain them.

Installing the .NET Framework 2.0 SDK

Before you are able to build .NET applications using the C# programming language and the NET
Framework, the first step is to install the freely downloadable .NET Framework 2.0 Software
Development Kit (SDK). Do be aware that the .NET Framework 2.0 SDK is automatically installed
with Visual Studio 2005 as well as Visual C# 2005 Express; therefore, if you plan to use either of
these IDEs, there is no need to manually download or install this software package.

If you are not developing with Visual Studio 2005/Visual C# 2005 Express, navigate to
http://msdn.microsoft.com/netframework and search for “.NET Framework 2.0 SDK”. Once you have
located the appropriate page, download setup.exe and save it to a location on your hard drive. At
this point, double-click the executable to install the software.

After the installation process has completed, your development machine will not only be con-
figured with the necessary .NET infrastructure, but also now contain numerous development tools,
a very robust help system, sample code, and tutorials, as well as various white papers.

By default, the .NET Framework 2.0 SDK is installed under C:\Program Files\Microsoft Visual
Studio 8\SDK\v2.0. Here you will find StartHere.htm, which (as the name suggests) serves as an
entry point to other related documentation. Table 2-1 describes the details behind some of the core
subdirectories off the installation root.
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Table 2-1. Subdirectories of the .NET Framework 2.0 SDK Installation Root

Subdirectory Meaning in Life

\Bin Contains a majority of the .NET development tools. Check out
StartTools.htm for a description of each utility.

\Bootstrapper Although you can ignore most of the content in the directory, be aware
that dotnetfx.exe (see Chapter 1) resides under the \Packages\DotNetFx
subdirectory.

\CompactFramework Contains the installer program for the NET Compact Framework 2.0.

\Samples Provides the setup program (and core content) for the .NET Framework

2.0 SDK samples. To learn how to install the samples, consult
StartSamples.htm.

In addition to the content installed under C:\Program Files\Microsoft Visual Studio 8\SDK\v2.0,
the setup program also creates the Microsoft. NET\Framework subdirectory under your Windows
directory. Here you will find a subdirectory for each version of the .NET Framework installed on
your machine. Within a version-specific subdirectory, you will find command-line compilers for
each language that ships with the Microsoft .NET Framework (CIL, C#, Visual Basic .NET, J#, and
JScript .NET), as well as additional command-line development utilities and .NET assemblies.

The C# Command-Line Compiler (csc.exe)

There are a number of techniques you may use to compile C# source code. In addition to Visual
Studio 2005 (as well as various third-party .NET IDEs), you are able to create .NET assemblies using
the C# command-line compiler, csc.exe (where csc stands for C-Sharp Compiler). This tool is included
with the .NET Framework 2.0 SDK. While it is true that you may never decide to build a large-scale
application using the command-line compiler, it is important to understand the basics of how to
compile your *. cs files by hand. I can think of a few reasons you should get a grip on the process:

¢ The most obvious reason is the simple fact that you might not have a copy of Visual Studio
2005.

¢ You plan to make use of automated build tools such as MSBuild or NAnt.

¢ You want to deepen your understanding of C#. When you use graphical IDEs to build appli-
cations, you are ultimately instructing csc.exe how to manipulate your C# input files. In this
light, it’s edifying to see what takes place behind the scenes.

Another nice by-product of working with csc.exe in the raw is that you become that much
more comfortable manipulating other command-line tools included with the .NET Framework 2.0
SDK. As you will see throughout this book, a number of important utilities are accessible only from
the command line.

Configuring the C# Command-Line Compiler

Before you can begin to make use of the C# command-line compiler, you need to ensure that your
development machine recognizes the existence of csc.exe. If your machine is not configured correctly,
you are forced to specify the full path to the directory containing csc.exe before you can compile
your C# files.
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To equip your development machine to compile *. cs files from any directory, follow these
steps (which assume a Windows XP installation; Windows NT/2000 steps will differ slightly):

1. Right-click the My Computer icon and select Properties from the pop-up menu.

2. Select the Advanced tab and click the Environment Variables button.
3. Double-click the Path variable from the System Variables list box.
4,

Add the following line to the end of the current Path value (note each value in the Path vari-
able is separated by a semicolon):

C:\Windows\Microsoft.NET\Framework\v2.0.50215

Of course, your entry may need to be adjusted based on your current version and location of
the .NET Framework 2.0 SDK (so be sure to do a sanity check using Windows Explorer). Once you
have updated the Path variable, you may take a test run by closing any command windows open in
the background (to commit the settings), and then opening a new command window and entering

csc /?

If you set things up correctly, you should see a list of options supported by the C# compiler.

Note When specifying command-line arguments for a given .NET development tool, you may use either a - or /
(e.9.,csc -?20rcsc /?).

Configuring Additional .NET Command-Line Tools

Before you begin to investigate csc.exe, add the following additional Path variable to the System
Variables list box (again, perform a sanity check to ensure a valid directory):

C:\Program Files\Microsoft Visual Studio 8\SDK\v2.0\Bin

Recall that this directory contains additional command-line tools that are commonly used during
.NET development. With these two paths established, you should now be able to run any .NET util-
ity from any command window. If you wish to confirm this new setting, close any open command
windows, open a new command window, and enter the following command to view the options of
the GAC utility, gacutil.exe:

gacutil /?

Tip Now that you have seen how to manually configure your machine, I'll let you in on a shortcut. The .NET
Framework 2.0 SDK provides a preconfigured command window that recognizes all .NET command-line utilities out
of the box. Using the Start button, activate the SDK Command Prompt located under the All Programs » Microsoft
.NET Framework SDK v2.0 menu selection.
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Building C# Applications Using csc.exe

Now that your development machine recognizes csc.exe, the next goal is to build a simple single
file assembly named TestApp.exe using the C# command-line compiler and Notepad. First, you
need some source code. Open Notepad and enter the following:

// A simple C# application.
using System;

class TestApp

{
public static void Main()
{
Console.WriteLine("Testing! 1, 2, 3");
}
}

Once you have finished, save the file in a convenient location (e.g., C:\CscExample) as
TestApp.cs. Now, let’s get to know the core options of the C# compiler. The first point of interest is to
understand how to specify the name and type of assembly to create (e.g., a console application named
MyShell.exe, a code library named MathLib.d11, aWindows Forms application named MyWinApp.exe,
and so forth). Each possibility is represented by a specific flag passed into csc.exe as a command-line
parameter (see Table 2-2).

Table 2-2. Output-centric Options of the C# Compiler

Option Meaning in Life

/out This option is used to specify the name of the assembly to be created. By
default, the assembly name is the same as the name of the initial input *.cs
file (in the case of a *.d11) or the name of the type containing the program’s
Main() method (in the case of an *.exe).

/target:exe This option builds an executable console application. This is the default file
output type, and thus may be omitted when building this application type.

/target:library This option builds a single-file *.d11 assembly.

/target:module This option builds a module. Modules are elements of multifile assemblies
(fully described in Chapter 11).

/target:winexe Although you are free to build Windows-based applications using the

/target:exe flag, the /target:winexe flag prevents a console window from
appearing in the background.

To compile TestApp.cs into a console application named TextApp.exe, change to the directory
containing your source code file and enter the following command set (note that command-line flags
must come before the name of the input files, not after):

csc /target:exe TestApp.cs

Here I did not explicitly specify an /out flag, therefore the executable will be named TestApp.exe,
given that TestApp is the class defining the program’s entry point (the Main() method). Also be aware
that most of the C# compiler flags support an abbreviated version, such as /t rather than /target
(you can view all abbreviations by entering csc /? at the command prompt):

csc /tiexe TestApp.cs

Furthermore, given that the /t:exe flag is the default output used by the C# compiler, you could
also compile TestApp.cs simply by typing

csc TestApp.cs
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TestApp.exe can now be run from the command line (see Figure 2-1).

Figure 2-1. TestApp in action

Referencing External Assemblies

Next up, let’s examine how to compile an application that makes use of types defined in a separate
.NET assembly. Speaking of which, just in case you are wondering how the C# compiler understood
your reference to the System.Console type, recall from Chapter 1 that mscorlib.dll is automatically
referenced during the compilation process (if for some strange reason you wish to disable this
behavior, you may specify the /nostdlib flag).

To illustrate the process of referencing external assemblies, let’s update the TestApp application
to display a Windows Forms message box. Open your TestApp.cs file and modify it as follows:

using System;

// Add this!
using System.Windows.Forms;

class TestApp

public static void Main()

{
Console.WriteLine("Testing! 1, 2, 3");
// Add this!
MessageBox.Show("Hello...");

}

Notice the reference to the System.Windows.Forms namespace via the C# using keyword (intro-
duced in Chapter 1). Recall that when you explicitly list the namespaces used within a given *.cs
file, you avoid the need to make use of fully qualified names (which can lead to hand cramps).

At the command line, you must inform csc.exe which assembly contains the “used” name-
spaces. Given that you have made use of the MessageBox class, you must specify the System.Windows.
Forms.dll assembly using the /reference flag (which can be abbreviated to /1):

csc /r:System.Windows.Forms.dll testapp.cs

If you now rerun your application, you should see what appears in Figure 2-2 in addition to the
console output.
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Figure 2-2. Your first Windows Forms application

Compiling Multiple Source Files with csc.exe

The current incarnation of the TestApp.exe application was created using a single *.cs source code
file. While it is perfectly permissible to have all of your .NET types defined in a single *. cs file, most
projects are composed of multiple *. cs files to keep your code base a bit more flexible. Assume you
have authored an additional class contained in a new file named HelloMsg.cs:

// The HelloMessage class
using System;
using System.Windows.Forms;

class HelloMessage

{
public void Speak()
{
MessageBox.Show("Hello...");
}
}

Now, update your initial TestApp class to make use of this new type, and comment out the pre-
vious Windows Forms logic:

using System;

// Don't need this anymore.
// using System.Windows.Forms;

class TestApp

public static void Main()

{

Console.Writeline("Testing! 1, 2, 3");

// Don't need this anymore either.
// MessageBox.Show("Hello...");

// Exercise the HelloMessage class!
HelloMessage h = new HelloMessage();
h.Speak();

You can compile your C# files by listing each input file explicitly:
csc /r:System.Windows.Forms.dll testapp.cs hellomsg.cs

As an alternative, the C# compiler allows you to make use of the wildcard character (*) to inform
csc.exe to include all *. cs files contained in the project directory as part of the current build:

csc /r:System.Windows.Forms.dll *.cs
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When you run the program again, the output is identical. The only difference between the two
applications is the fact that the current logic has been split among multiple files.

Referencing Multiple External Assemblies

On a related note, what if you need to reference numerous external assemblies using csc.exe? Sim-
ply list each assembly using a semicolon-delimited list. You don’t need to specify multiple external
assemblies for the current example, but some sample usage follows:

csc /r:System.Windows.Forms.dll;System.Drawing.dll *.cs

Working with csc.exe Response Files

As you might guess, if you were to build a complex C# application at the command prompt, your
life would be full of pain as you type in the flags that specify numerous referenced assemblies and
*.cs input files. To help lessen your typing burden, the C# compiler honors the use of response files.

C# response files contain all the instructions to be used during the compilation of your current
build. By convention, these files end in a *.rsp (response) extension. Assume that you have created
aresponse file named TestApp.rsp that contains the following arguments (as you can see, comments
are denoted with the # character):

# This is the response file
# for the TestApp.exe app
# of Chapter 2.

# External assembly references.
/r:System.Windows.Forms.d1l

# output and files to compile (using wildcard syntax).
/target:exe /out:TestApp.exe *.cs

Now, assuming this file is saved in the same directory as the C# source code files to be compiled,
you are able to build your entire application as follows (note the use of the @ symbol):

csc @TestApp.rsp

If the need should arise, you are also able to specify multiple *.rsp files as input (e.g., csc
@FirstFile.rsp @SecondFile.rsp @ThirdFile.rsp). If you take this approach, do be aware that the
compiler processes the command options as they are encountered! Therefore, command-line argu-
ments in a later *.rsp file can override options in a previous response file.

Also note that flags listed explicitly on the command line before a response file will be overrid-
den by the specified *.rsp file. Thus, if you were to enter

csc /out:MyCoolApp.exe @TestApp.rsp

the name of the assembly would still be TestApp.exe (rather than MyCoolApp.exe), given the
/out:TestApp.exe flag listed in the TestApp.rsp response file. However, if you list flags after
aresponse file, the flag will override settings in the response file. Thus, in the following command
set, your assembly is indeed named MyCoolApp.exe.

csc @TestApp.rsp /out:MyCoolApp.exe

Note The /reference flag is cumulative. Regardless of where you specify external assemblies (before, after,
or within a response file) the end result is a summation of each reference assembly.
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The Default Response File (csc.rsp)

The final point to be made regarding response files is that the C# compiler has an associated default
response file (csc.rsp), which is located in the same directory as csc.exe itself (e.g., C:\Windows\
Microsoft. NET\Framework\v2.0.50215). If you were to open this file using Notepad, you will find
that numerous .NET assemblies have already been specified using the /r: flag.

When you are building your C# programs using csc.exe, this file will be automatically refer-
enced, even when you supply a custom *.rsp file. Given the presence of the default response file,
the current TestApp.exe application could be successfully compiled using the following command
set (as System.Windows.Forms.dl11 is referenced within csc.rsp):

csc /out:TestApp.exe *.cs

In the event that you wish to disable the automatic reading of csc.rsp, you can specify the
/noconfig option:

csc @TestApp.rsp /noconfig

Obviously, the C# command-line compiler has many other options that can be used to control
how the resulting .NET assembly is to be generated. If you wish to learn more details regarding the
functionality of csc.exe, look up my article titled “Working with the C# 2.0 Command Line Compiler”
online at http://msdn.microsoft.com.

The Command-Line Debugger (cordbg.exe)

Before moving on to our examination of building C# applications using TextPad, I would like
to briefly point out that the .NET Framework 2.0 SDK does ship with a command-line debugger
named cordbg.exe. This tool provides dozens of options that allow you to debug your assembly.
You may view them by specifying the /? flag:

cordbg /?
Table 2-3 documents some (but certainly not all) of the flags recognized by cordbg.exe (with

the alternative shorthand notation) once you have entered a debugging session.

Table 2-3. A Handful of Useful cordbg.exe Command-Line Flags

Flag Meaning in Life

b[reak] Set or display current breakpoints.

del[ete] Remove one or more breakpoints.

ex[it] Exit the debugger.

glo] Continue debugging the current process until hitting next breakpoint.
of[ut] Step out of the current function.

p[rint] Print all loaded variables (local, arguments, etc.).

si Step into the next line.

S0 Step over the next line.

As I assume that most of you will choose to make use of the Visual Studio 2005 integrated debug-
ger, I will not bother to comment on each flag of cordbg . exe. However, for those of you who are
interested, the following section presents a minimal walk-through of the basic process of debugging
at the command line.
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Debugging at the Command Line

Before you can debug your application using cordbg. exe, the first step is to generate debugging
symbols for your current application by specifying the /debug flag of csc.exe. For example, to gener-
ate debugging data for TestApp.exe, enter the following command set:

csc @testapp.rsp /debug

This generates a new file named (in this case) testapp.pdb. If you do not have an associated
*.pdb file, it is still possible to make use of cordbg.exe; however, you will not be able to view your
C# source code during the process (which is typically no fun whatsoever, unless you wish to compli-
cate matters by reading CIL code).

Once you have generated a *.pdb file, open a session with cordbg.exe by specifying your .NET
assembly as a command-line argument (the *. pdb file will be loaded automatically):

cordbg.exe testapp.exe

At this point, you are in debugging mode and may apply any number of cordbg.exe flags at the
(cordbg) command prompt (see Figure 2-3).

Figure 2-3. Debugging with cordbg.exe

When you wish to quit debugging with cordbg.exe, simply type exit (or the shorthand ex).
Again, unless you are a command-line junkie, I assume you will opt for the graphical debugger pro-
vided by your IDE. If you require more information, look up cordbg.exe in the .NET Framework 2.0
SDK documentation.

Building .NET Applications Using TextPad

While Notepad is fine for creating simple .NET programs, it offers nothing in the way of developer
productivity. It would be ideal to author *. cs files using an editor that supports (at a minimum) key-
word coloring, code snippets, and integration with a C# compiler. As luck would have it, such a tool
does exist: TextPad.
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TextPad is an editor you can use to author and compile code for numerous programming lan-
guages, including C#. The chief advantage of this product is the fact that it is very simple to use and
provides just enough bells and whistles to enhance your coding efforts.

To obtain TextPad, navigate to http://www.textpad.com and download the current version
(4.7.3 at the time of this writing). Once you have installed the product, you will have a feature-
complete version of TextPad; however, this tool is not freeware. Until you purchase a single-user license
(for around US$30.00 at the time of this writing), you will be presented with a “friendly reminder”
each time you run the application.

Enabling C# Keyword Coloring

TextPad is not equipped to understand C# keywords or work with csc.exe out of the box. To do so, you
will need to install an additional add-on. Navigate to http://www.textpad.com/add-ons/syna2g.html
and download csharp8.zip using the “C# 2005” link option. This add-on takes into account the new
keywords introduced with C# 2005 (in contrast to the “C#” link, which is limited to C# 1.1).

Once you have unzipped csharp8.zip, place a copy of the extracted csharp8.syn file in the
Samples subdirectory of the TextPad installation (e.g., C:\Program Files\TextPad 4\Samples). Next,
launch TextPad and perform the following tasks using the New Document Wizard.

1. Activate the Configure » New Document Class menu option.

2. Enter the name C# 2.0 in the “Document class name” edit box.
3. In the next step, enter *.cs in the “Class members” edit box.
4,

Finally, enable syntax highlighting, choose csharp8.syn from the drop-down list box, and
close the wizard.

You can now tweak TextPad’s C# support using the Document Classes node accessible from the
Configure » Preferences menu (see Figure 2-4).

Figure 2-4. Setting TextPad'’s C# preferences
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Configuring the *.cs File Filter

The next configuration detail is to create a filter for C# source code files displayed by the Open and
Save dialog boxes:

1. Activate the Configure » Preferences menu option and select File Name Filters from the
tree view control.

2. Click the New button, and enter C# into the Description field and *. cs into the Wild cards
text box.

3. Move your new filter to the top of the list using the Move Up button and click OK.

Create a new file (using File » New) and save it in a convenient location (such as
C:\TextPadTestApp) as TextPadTest.cs. Next, enter a trivial class definition (see Figure 2-5).

Figure 2-5. TextPadTest.cs

Hooking Into csc.exe

The last major configuration detail to contend with is to associate csc.exe with TextPad so you can
compile your C# files. The first way to do so is using the Tools » Run menu option. Here you are
presented with a dialog box that allows you to specify the name of the tool to run and any necessary
command-line flags. To compile TextPadTest.cs into a .NET console-based executable, follow these
steps:

1. Enter the full path to csc.exe into the Command text box (e.g., C:\Windows\Microsoft. NET\
Framework\v2.0. 50215\csc.exe).

2. Enter the command-line options you wish to specify within the Parameters text box (e.g.,
/out:myApp.exe *.cs).Recall that you can specify a custom response file to simplify matters
(e.g., @myInput.rsp).
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3. Enter the directory containing the input files via the Initial folder text box (C:\TextPadTestApp
in this example).

4. If you wish TextPad to capture the compiler output directly (rather than within a separate
command window), select the Capture Output check box.

Figure 2-6 shows the complete compilation settings.

Figure 2-6. Specifying a custom Run command

At this point, you can either run your program by double-clicking the executable using Windows
Explorer or leverage the Tools » Run menu option to specify myApp.exe as the current command
(see Figure 2-7).

Figure 2-7. Instructing TextPad to run myApp.exe

When you click OK, you should see the program’s output (“Hello from TextPad”) displayed in
the Command Results document.

Associating Run Commands with Menu Items

TextPad also allows you to create custom menu items that represent predefined run commands.
Let’s create a custom item under the Tools menu named “Compile C# Console” that will compile all
C# files in the current directory:

1. Activate the Configure » Preferences menu option and select Tools from the tree view control.

2. Using the Add button, select Program and specify the full path to csc.exe.
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3. If you wish, rename csc.exe to a more descriptive label (Compile C#) by clicking the tool
name and then clicking OK.

4. Finally, activate the Configure » Preferences menu option once again, but this time select
Compile C# from the Tools node, and specify *. cs as the sole value in the Parameters field
(see Figure 2-8).

Figure 2-8. Creating a Tools menu item

With this, you can now compile all C# files in the current directory using your custom Tools
menu item.

Enabling C# Code Snippets

Before leaving behind the world of TextPad, there is one final free add-on you might wish to install.
Navigate to http://www.textpad.com/add-ons/cliplibs.html and download csharp_1.zip using the
C# clip library provided by Sean Gephardt. Extract the contained csharp.tcl file and place it in the
Samples subdirectory. When you restart TextPad, you should find a new clip library named C Sharp
Helpers available from the Clip Library drop-down list (see Figure 2-9). Double-clicking any item
will insert the related C# code in the active document at the location of the cursor.

Figure 2-9. C# code snippets a la TextPad



46

CHAPTER 2 © BUILDING C# APPLICATIONS

As you may agree, TextPad is a step in the right direction when contrasted to Notepad and the
command prompt. However, TextPad does not (currently) provide IntelliSense capabilities for C#
code, GUI designers, project templates, or database manipulation tools. To address such needs,
allow me to introduce the next .NET development tool: SharpDevelop.

Building .NET Applications Using SharpDevelop

SharpDevelop is an open source and feature-rich IDE that you can use to build .NET assemblies
using C#, VB .NET, Managed Extensions for C++, or CIL. Beyond the fact that this IDE is completely
free, it is interesting to note that it was written entirely in C#. In fact, you have the choice to down-
load and compile the *. cs files manually or run a setup.exe program to install SharpDevelop on
your development machine. Both distributions can be obtained from http://www.icsharpcode.
net/OpenSource/SD/Download.

Once you have installed SharpDevelop, the File » New » Combine menu option allows you to
pick which type of project you wish to generate (and in which .NET language). In the lingo of SharpDe-
velop, a combine is a collection of individual projects (analogous to a Visual Studio solution). Assume
you have created a C# Windows Application named MySDWinApp (see Figure 2-10).

Figure 2-10. The SharpDevelop New Project dialog box

Note Be aware that version 1.0 of SharpDevelop is configured to make use of the C# 1.1 compiler. To make
use of the new C# 2005 language features and .NET Framework 2.0 namespaces, you will need to activate the
Project » Project options menu item and update the compiler version from the Runtime/Compiler option page.
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Learning the Lay of the Land: SharpDevelop

SharpDevelop provides numerous productivity enhancements and in many cases is as feature rich
as Visual Studio .NET 2003 (but not currently as powerful as Visual Studio 2005). Here is a hit list of
some of the major benefits:

Support for the Microsoft and Mono C# compilers
IntelliSense and code expansion capabilities

An Add Reference dialog box to reference external assemblies, including assemblies
deployed to the GAC

A visual Windows Forms designer

Various project perspective windows (termed scouts) to view your projects

An integrated object browser utility (the Assembly Scout)

Database manipulation utilities

A C#to VB .NET (and vice versa) code conversion utility

Integration with the NUnit (a .NET unit test utility) and NAnt (a .NET build utility)

Integration with the .NET Framework SDK documentation

Impressive for a free IDE, is it not? Although this chapter doesn’t cover each of these points in
detail, let’s walk through a few items of interest. If you require further details of SharpDevelop, be
aware that it ships with very thorough documentation accessible from the Help » Help Topics menu
option.

The Project and Classes Scouts

When you create a new combine, you can make use of the Project Scout to view the set of files, ref-
erenced assemblies, and resource files of each project (see Figure 2-11).

Figure 2-11. The Project Scout

When you wish to reference an external assembly for your current project, simply right-click
the References icon within the Project Scout and select the Add Reference context menu. Once
you do, you may select assemblies directly from the GAC as well as custom assemblies via the
.NET Assembly Browser tab (see Figure 2-12).
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Figure 2-12. The SharpDevelop Add Reference dialog box

The Classes Scout provides a more object-oriented view of your combine in that it displays the
namespaces, types, and members within each project (see Figure 2-13).

Figure 2-13. The Classes Scout

If you double-click any item, SharpDevelop responds by opening the corresponding file and
placing your mouse cursor at the item’s definition.

The Assembly Scout

The Assembly Scout utility (accessible from the View menu) allows you to graphically browse the
assemblies referenced within your project. This tool is split into two panes. On the left is a tree view
control that allows you to drill into an assembly and view its namespaces and the contained types
(see Figure 2-14).
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Figure 2-14. Viewing referenced assemblies using the Assembly Scout

The right side of the Assembly Scout utility allows you to view details of the item selected on
the left pane. Not only can you view the basic details using the Info tab, but also you can also view
the underlying CIL code of the item and save its definition to an XML file.

Windows Forms Designers

As you will learn later in this book, Windows Forms is a toolkit used to build desktop applications.
To continue tinkering with SharpDevelop, click the Design tab located at the bottom of the MainForm.cs
code window. Once you do, you will open the integrated Windows Forms designer.

Using the Windows Forms section of your Tools window, you can create a GUI for the Form you
are designing. To demonstrate this, place a single Button type on your main Form by selecting the
Button icon and clicking the designer. To update the look and feel of any GUI item, you can make use
of the Properties window (see Figure 2-15), which you activate from the View » Properties menu
selection. Select the Button from the drop-down list and change various aspects of the Button type
(e.g., BackColor and Text).

Figure 2-15. The Properties window
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Using this same window, you can handle events for a given GUI item. To do so, click the light-
ning bolt icon at the top of the Properties window. Next, select the GUI item you wish to interact
with from the drop-down list (your Button in this case). Finally, handle the Click event by typing in
the name of the method to be called when the user clicks the button (see Figure 2-16).

Figure 2-16. Handing events via the Properties window

Once you press the Enter key, SharpDevelop responds by generating stub code for your new
method. To complete the example, enter the following statement within the scope of your event
handler:

void ButtonClicked(object sender, System.EventArgs e)

// Update the Form's caption with a custom message.
this.Text = "Stop clicking my button!";

At this point, you can run your program (using the Debug » Run menu item). Sure enough,
when you click your Button, you should see the Form’s caption update as expected.

That should be enough information to get you up and running using the SharpDevelop IDE.
I do hope you now have a good understanding of the basics, though obviously there is much more
to this tool than presented here.

Building .NET Applications Using Visual C# 2005
Express

During the summer of 2004, Microsoft introduced a brand-new line of IDEs that fall under the desig-
nation of “Express” products (http://msdn.microsoft.com/express). To date, there are six members
of the Express family:

* Visual Web Developer 2005 Express: A lightweight tool for building dynamic websites and
XML web services using ASPNET 2.0

e Visual Basic 2005 Express: A streamlined programming tool ideal for novice programmers who
want to learn how to build applications using the user-friendly syntax of Visual Basic .NET
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 Visual C# 2005 Express, Visual C++ 2005 Express, and Visual J# 2005 Express: Targeted IDEs for
students and enthusiasts who wish to learn the fundamentals of computer science in their
syntax of choice

* SQL Server 2005 Express: An entry-level database management system geared toward hobbyists,
enthusiasts, and student developers

Note At the time of this writing, the Express family products are available as public betas free of charge.

By and large, Express products are slimmed-down versions of their Visual Studio 2005 counter-
parts and are primarily targeted at .NET hobbyists and students. Like SharpDevelop, Visual C# 2005
Express provides various browsing tools, a Windows Forms designer, the Add References dialog box,
IntelliSense capabilities, and code expansion templates. As well, Visual C# 2005 Express offers a few
(important) features currently not available in SharpDevelop, including

¢ An integrated graphical debugger

 Tools to simplify access to XML web services

Because the look and feel of Visual C# 2005 Express is so similar to that of Visual Studio 2005
(and, to some degree, SharpDevelop) I do not provide a walk-through of this particular IDE here. If
you do wish to learn more about the product, look up my article “An Introduction to Programming
Using Microsoft Visual C# 2005 Express Edition” online at http://msdn.microsoft.com.

The Big Kahuna: Building .NET Applications Using
Visual Studio 2005

If you are a professional .NET software engineer, the chances are extremely good that your employer
has purchased Microsoft’s premier IDE, Visual Studio 2005, for your development endeavors
(http://msdn.microsoft.com/vstudio). This tool is far and away the most feature-rich and enterprise-
ready IDE examined in this chapter. Of course, this power comes at a price, which will vary based on
the version of Visual Studio 2005 you purchase. As you might suspect, each version supplies a unique
set of features.

My assumption during the remainder of this text is that you have chosen to make use of Visual
Studio 2005 as your IDE of choice. Do understand that owning a copy of Visual Studio 2005 is not
required for you to use this edition of the text. In the worst case, I may examine an option that is not
provided by your IDE. However, rest assured that all of this book’s sample code will compile just fine
when processed by your tool of choice.

Note Once you download the source code for this book from the Downloads area of the Apress website
(http://www.apress.com), you may load the current example into Visual Studio 2005 by double-clicking the
example’s *. s1n file. If you are not using Visual Studio 2005, you will need to manually configure your IDE to
compile the provided *. cs files.
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Learning the Lay of the Land: Visual Studio 2005

Visual Studio 2005 ships with the expected GUI designers, database manipulation tools, object and
project browsing utilities, and an integrated help system. Unlike the IDEs we have already examined,
Visual Studio 2005 provides numerous additions. Here is a partial list:

 Visual XML editors/designers

* Support for mobile device development (such as Smartphones and Pocket PC devices)

¢ Support for Microsoft Office development

 The ability to track changes for a given source document and view revisions

* Integrated support for code refactoring

* An XML-based code expansion library

* Visual class design tools and object test utilities

* A code definition window (which replaces the functionality of the Windows Forms Class

Viewer, wincv.exe, which shipped with .NET 1.1 and earlier)

To be completely honest, Visual Studio 2005 provides so many features that it would take an
entire book (a large book at that) to fully describe every aspect of the IDE. This is not that book.
However, I do want to point out some of the major enhancements in the pages that follow. As you
progress through the text, you'll learn more about the Visual Studio 2005 IDE where appropriate.

The Solution Explorer Utility

If you are following along, create a new C# console application (named Vs2005Example) using the
File » New » Project menu item. The Solution Explorer utility (accessible from the View menu)
allows you to view the set of all content files and referenced assemblies that comprise the current
project (see Figure 2-17).

Figure 2-17. Solution Explorer

Notice that the References folder of Solution Explorer displays a list of each assembly you have
currently referenced (console projects reference System.dl1, System.Data.d1l, and System.Xml.d11l
by default). When you need to reference additional assemblies, right-click the References folder and
select Add Reference. At this point, you can select your assembly from the resulting dialog box.
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Note Visual Studio 2005 now allows you to set references to executable assemblies (unlike Visual Studio .NET
2003, in which you were limited to *.d11 code libraries).

Finally, notice an icon named Properties within Solution Explorer. When you double-click this
item, you are presented with an enhanced project configuration editor (see Figure 2-18).

Figure 2-18. The Project Properties window

You will see various aspects of the Project Properties window as you progress through this text.
However, if you take some time to poke around, you will see that you can establish various security
settings, strongly name your assembly, insert string resources, and configure pre- and postbuild
events.

The Class View Utility

The next tool to examine is the Class View utility, which you can load from the View menu. Like
SharpDevelop, the purpose of this utility is to show all of the types in your current project from an
object-oriented perspective. The top pane displays the set of namespaces and their types, while the
bottom pane displays the currently selected type’s members (see Figure 2-19).
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Figure 2-19. The Class View utility

The Code Definition Window

If you have a background in programming with .NET 1.1, you may be familiar with the Windows
Forms Class Viewer utility, wincv.exe. This tool allowed you to type in the name of a .NET type and
view its C# definition. While wincv.exe is deprecated with the release of .NET 2.0, an enhanced ver-
sion of this tool has been integrated within Visual C# 2005 Express and Visual Studio 2005. You can
activate the Code Definition window using the View menu. Simply place your mouse cursor over
any type in your C# code files, and you will be presented with a snapshot of the type in question. For
example, if you click the word “string” within your Main() method, you find the definition of the
System.String class type (see Figure 2-20).

Figure 2-20. The Code Definition window

The Object Browser Utility

As you may recall from Chapter 1, Visual Studio 2005 also provides a utility to investigate the
set of referenced assemblies within your current project. Activate the Object Browser using the
View » Other Windows menu, and then select the assembly you wish to investigate (see Figure 2-21).
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Figure 2-21. The Visual Studio 2005 Object Browser utility

Integrated Support for Code Refactoring

One major enhancement that ships with Visual Studio 2005 is intrinsic support to refactor existing
code. Simply put, refactoring is a formal and mechanical process whereby you improve an existing
code base. In the bad old days, refactoring typically involved a ton of manual labor. Luckily, Visual
Studio 2005 does a great deal to automate the refactoring process. Using the Refactor menu, related
keyboard shortcuts, smart tags, and/or context-sensitive mouse clicks, you can dramatically reshape
your code with minimal fuss and bother. Table 2-4 defines some common refactorings recognized

by Visual Studio 2005.

Table 2-4. Visual Studio 2005 Refactorings

Refactoring Technique

Meaning in Life

Extract Method
Encapsulate Field
Extract Interface

Reorder Parameters

Remove Parameters
Rename

Promote Local Variable to Parameter

Allows you to define a new method based on a selection of
code statements

Turns a public field into a private field encapsulated by
a C# property

Defines a new interface type based on a set of existing type
members

Provides a way to reorder member arguments

Removes a given argument from the current list of
parameters (as you would expect)

Allows you to rename a code token (method name, field,
local variable, and so on) throughout a project

Moves a local variable to the parameter set of the defining
method
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To illustrate refactoring in action, update your Main() method with the following code:

BUILDING C# APPLICATIONS

static void Main(string[] args)

{

// Set up Console UI (CUI)

Console.Title = "My Rocking App";

Console.ForegroundColor = ConsoleColor.Yellow;
Console.BackgroundColor = ConsoleColor.Blue;
Console.Wl’iteLine("*************************************");

Console.WriteLine("***** Welcome to My Rocking App *¥***"):
COHSOle.WIiteLine("*************************************");

Console.BackgroundColor = ConsoleColor.Black;

// Wait for key press to close.
Console.ReadlLine();

While there is nothing wrong with the preceding code as it now stands, imagine that you want
to display this prompt at various places throughout your program. Rather than retyping the same
exact console user interface logic, it would be ideal to have a helper function that could be called to
do so. Given this, you will apply the Extract Method refactoring to your existing code. First, select
each code statement (except the final call to Console.ReadLine()) within the editor. Now, right-click
and select the Extract Method option from the Refactor context menu. Name your new method
ConfigureCUI() in the resulting dialog box. When you have finished, you will find that your Main()
method calls the newly generated ConfigureCUI() method, which now contains the previously

selected code:

class Program

{

static void Main(string[] args)

{

}

ConfigureCUI();

// Wait for key press to close.
Console.ReadLine();

private static void ConfigureCUI()

{

// Set up Console UI (CUI)

Console.Title = "My Rocking App";

Console.ForegroundColor = ConsoleColor.Yellow;
Console.BackgroundColor = ConsoleColor.Blue;
Console.WriteLine("*************************************");

Console.WritelLine("***** Welcome to My Rocking App *¥¥**");
Console_WriteLine(“*************************************”);

Console.BackgroundColor = ConsoleColor.Black;

Note If you are interested in more information on the refactoring process and a detailed walk-through of each
refactoring supported by Visual Studio 2005, look up my article “Refactoring C# Code Using Visual Studio 2005”

online at http://msdn.microsoft.com.
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Code Expansions and Surround with Technology

Visual Studio 2005 (as well as Visual C# 2005 Express) also has the capability to insert complex
blocks of C# code using menu selections, context-sensitive mouse clicks, and/or keyboard short-
cuts. The number of available code expansions is impressive and can be broken down into two
main groups:

* Snippets: These templates insert common code blocks at the location of the mouse cursor.

* Surround With: These templates wrap a block of selected statements within a relevant scope.

To see this functionality firsthand, right-click a blank line within your Main() method and acti-
vate the Insert Snippet menu. Once you select a given item, you will find the related code is expanded
automatically (press the Esc key to dismiss the pop-up menu).

If you were to right-click and select the Surround With menu, you would likewise be presented
with a list of options. Be sure to take time to explore these predefined code expansion templates, as
they can radically speed up the development process.

Note All code expansion templates are XML-based descriptions of the code to generate within the IDE. Using
Visual Studio 2005 (as well as Visual C# 2005 Express), you can create your own custom code templates. Details
of how to do so can be found in my article “Investigating Code Snippet Technology” at http://msdn.microsoft.com.

The Visual Class Designer

Visual Studio 2005 gives us the ability to design classes visually (but this capability is not included in
Visual C# 2005 Express). The Class Designer utility allows you to view and modify the relationships
of the types (classes, interfaces, structures, enumerations, and delegates) in your project. Using this
tool, you are able to visually add (or remove) members to (or from) a type and have your modifications
reflected in the corresponding C# file. As well, as you modify a given C# file, changes are reflected in
the class diagram.

To work with this aspect of Visual Studio 2005, the first step is to insert a new class diagram file.
There are many ways to do so, one of which is to click the View Class Diagram button located on
Solution Explorer’s right side (see Figure 2-22).

Figure 2-22. Inserting a class diagram file

Once you do, you will find class icons that represent the classes in your current project. If you
click the arrow image, you can show or hide the type’s members (see Figure 2-23).
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Figure 2-23. The Class Diagram viewer

This utility works in conjunction with two other aspects of Visual Studio 2005: the Class Details
window (activated using the View » Other Windows menu) and the Class Designer Toolbox (acti-
vated using the View » Toolbox menu item). The Class Details window not only shows you the
details of the currently selected item in the diagram, but also allows you to modify existing members
and insert new members on the fly (see Figure 2-24).

Figure 2-24. The Class Details window

The Class Designer Toolbox (see Figure 2-25) allows you to insert new types into your project
(and create relationships between these types) visually. (Be aware you must have a class diagram as
the active window to view this toolbox.) As you do so, the IDE automatically creates new C# type
definitions in the background.

Figure 2-25. Inserting a new class using the visual Class Designer
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By way of example, drag a new class from the Class Designer Toolbox onto your Class Designer.
Name this class Car in the resulting dialog box. Now, using the Class Details window, add a public
string field named petName (see Figure 2-26).

Figure 2-26. Adding a field with the Class Details window

If you now look at the C# definition of the Car class, you will see it has been updated accordingly:

public class Car

{
// Public data is typically a bad idea; however,
// it keeps this example simple.
public string petName;

}

Add another new class to the designer named SportsCar. Now, select the Inheritance icon from
the Class Designer Toolbox and click the top of the SportsCar icon. Without releasing the left mouse
button, move the mouse on top of the Car class icon. If you performed these steps correctly, you
have just derived the SportsCar class from Car (see Figure 2-27).

Figure 2-27. Visually deriving from an existing class
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To complete this example, update the generated SportsCar class with a public method named
PrintPetName() as follows:

public class SportsCar : Car

{
public void PrintPetName()
{
petName = "Fred";
Console.WritelLine("Name of this car is: {0}", petName);
}
}
Object Test Bench

Another nice visual tool provided by Visual Studio 2005 is Object Test Bench (OTB). This aspect of
the IDE allows you to quickly create an instance of a class and invoke its members without the need
to compile and run the entire application. This can be extremely helpful when you wish to test

a specific method, but would rather not step through dozens of lines of code to do so.

To work with OTB, right-click the type you wish to create using the Class Designer. For example,
right-click the SportsCar type, and from the resulting context menu select Create Instance » Sports-
Car(). This will display a dialog box that allows you to name your temporary object variable (and supply
any constructor arguments if required). Once the process is complete, you will find your object hosted
within the IDE. Right-click the object icon and invoke the PrintPetName() method (see Figure 2-28).

Figure 2-28. The Visual Studio 2005 Object Test Bench

You will see the message “Name of this car is: Fred” appear within the Visual Studio 2005 Quick
Console.

The Integrated Help System

The final aspect of Visual Studio 2005 you must be comfortable with from the outset is the fully
integrated help system. The .NET Framework 2.0 SDK documentation is extremely good, very read-
able, and full of useful information. Given the huge number of predefined .NET types (which
number well into the thousands), you must be willing to roll up your sleeves and dig into the pro-
vided documentation. If you resist, you are doomed to a long, frustrating, and painful existence as
a .NET developer.

Visual Studio 2005 provides the Dynamic Help window, which changes its contents (dynami-
cally!) based on what item (window, menu, source code keyword, etc.) is currently selected. For



CHAPTER 2 " BUILDING C# APPLICATIONS

example, if you place the cursor on the Console class, the Dynamic Help window displays a set of
links regarding the System.Console type.

You should also be aware of a very important subdirectory of the .NET Framework 2.0 SDK
documentation. Under the .NET Development » .NET Framework SDK» Class Library Reference
node of the documentation, you will find complete documentation of each and every namespace in
the .NET base class libraries (see Figure 2-29).

Figure 2-29. The .NET base class library reference

Each “book” defines the set of types in a given namespace, the members of a given type, and
the parameters of a given member. Furthermore, when you view the help page for a given type, you
will be told the name of the assembly and namespace that contains the type in question (located at
the top of said page). As you read through the remainder of this book, I assume that you will dive
into this very, very critical node to read up on additional details of the entity under examination.

A Partial Catalogue of Additional .NET
Development Tools

To conclude this chapter, I would like to point out a number of .NET development tools that com-
plement the functionality provided by your IDE of choice. Many of the tools mentioned here are
open source, and all of them are free of charge. While I don’t have the space to cover the details of
these utilities, Table 2-5 lists a number of the tools I have found to be extremely helpful as well as
URLSs you can visit to find more information about them.
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Table 2-5. Select .NET Development Tools

Tool Meaning in Life URL

FxCop This is a must-have for any .NET http://www.gotdotnet.com/team/fxcop
developer interested in .NET best practices.
FxCop will test any .NET assembly against
the official Microsoft .NET best-practice
coding guidelines.

Lutz Roeder’s This advanced .NET decompiler/object http://www.aisto.com/roeder/dotnet
Reflector for  browser allows you to view the
.NET implementation of any .NET type using CIL,

C#, Object Pascal .NET (Delphi), and

Visual Basic .NET.

NAnt NAnt is the .NET equivalent of Ant, the http://sourceforge.net/projects/nant
popular Java automated build tool. NAnt
allows you to define and execute detailed
build scripts using an XML-based syntax.

NDoc NDoc is a tool that will generate code http://sourceforge.net/projects/ndoc
documentation files for C# code
(or a compiled .NET assembly) in a
variety of popular formats (MSDN'’s *. chm,
XML, HTML, Javadoc, and LaTeX).

NUnit NUnit is the .NET equivalent of the http://www.nunit.org
Java-centric JUnit unit testing tool.
Using NUnit, you are able to facilitate
the testing of your managed code.

Vil Think of Vil as a friendly “big brother” http://www.1bot.com
for .NET developers. This tool will analyze
your .NET code and offer various opinions
as to how to improve your code via
refactoring, structured exception handling,
and so forth.

Note The functionality of FxCop has now been integrated directly into Visual Studio 2005. To check it out, simply
double-click the Properties icon within Solution Explorer and activate the Code Analysis tab.

Summary

So as you can see, you have many new toys at your disposal! The point of this chapter was to provide
you with a tour of the major programming tools a C# programmer may leverage during the develop-
ment process. You began the journey by learning how to generate .NET assemblies using nothing
other than the free C# compiler and Notepad. Next, you were introduced to the TextPad application
and walked though the process of enabling this tool to edit and compile *. cs code files.

You also examined three feature-rich IDEs, starting with the open source SharpDevelop, followed
by Microsoft’s Visual C# 2005 Express and Visual Studio 2005. While this chapter only scratched the
surface of each tool’s functionality, you should be in a good position to explore your chosen IDE at
your leisure. The chapter wrapped up by examining a number of open source .NET development
tools that extend the functionality of your IDE of choice.
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CHAPTER 3

C# Language Fundamentals

COnsider this chapter a potpourri of core topics regarding the C# language and the .NET platform.
Unlike forthcoming chapters, there is no overriding example or theme; rather, the following pages
illustrate a number of bite-size topics you must become comfortable with, including value-based
and reference-based data types, decision and iteration constructs, boxing and unboxing mechanisms,
the role of System.0bject, and basic class-construction techniques. Along the way, you'll also learn
how to manipulate CLR strings, arrays, enumerations, and structures using the syntax of C#.

To illustrate these language fundamentals, you'll take a programmatic look at the .NET base
class libraries and build a number of sample applications, making use of various types in the System
namespace. This chapter also examines a new C# 2005 language feature, nullable data types. Finally,
you'll learn how to organize your types into custom namespaces using the C# namespace keyword.

The Anatomy of a Simple C# Program

C# demands that all program logic is contained within a type definition (recall from Chapter 1 that
type is a term referring to a member of the set {class, interface, structure, enumeration, delegate}).
Unlike in C(++), in C# it is not possible to create global functions or global points of data. In its sim-
plest form, a C# program can be written as follows:

// By convention, C# files end with a *.cs file extension.
using System;

class HelloClass

{
public static int Main(string[] args)
{
Console.WriteLine("Hello World!");
Console.ReadLine();
return 0;
}
}

Here, a definition is created for a class type (HelloClass) that supports a single method named
Main(). Every executable C# application must contain a class defining a Main() method, which is
used to signify the entry point of the application. As you can see, this signature of Main() is adorned
with the public and static keywords. Later in this chapter, you will be supplied with a formal defi-
nition of “public” and “static.” Until then, understand that public members are accessible from other
types, while static members are scoped at the class level (rather than the object level) and can thus
be invoked without the need to first create a new class instance.
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Note C# is a case-sensitive programming language. Therefore, “Main” is not the same as “main”, and “Read-
line” is not the same as “ReadLine”. Given this, be aware that all C# keywords are in lowercase (public, lock,
global, and so on), while namespaces, types, and member names begin (by convention) with an initial capital letter
and have capitalized any embedded words (e.g., Console.WritelLine, System.Windows.Forms.MessageBox,
System.Data.SqlClient, and so on).

In addition to the public and static keywords, this Main() method has a single parameter,
which happens to be an array of strings (string[] args). Although you are not currently bothering
to process this array, this parameter may contain any number of incoming command-line argu-
ments (you'll see how to access them momentarily).

The program logic of HelloClass is within Main() itself. Here, you make use of the Console class,
which is defined within the System namespace. Among its set of members is the static WritelLine()
which, as you might assume, pumps a text string to the standard output. You also make a call to
Console.ReadLine() to ensure the command prompt launched by Visual Studio 2005 remains visible
during a debugging session until you press the Enter key.

Because this Main() method has been defined as returning an integer data type, we return zero
(success) before exiting. Finally, as you can see from the HelloClass type definition, C- and C++-style
comments have carried over into the C# language.

Variations on the Main() Method

The previous iteration of Main() was defined to take a single parameter (an array of strings) and
return an integer data type. This is not the only possible form of Main(), however. It is permissible to
construct your application’s entry point using any of the following signatures (assuming it is contained
within a C# class or structure definition):

// No return type, array of strings as argument.
public static void Main(string[] args)

{

}

// No return type, no arguments.
public static void Main()

{

}

// Integer return type, no arguments.
public static int Main()

{

}

Note The Main() method may also be defined as private as opposed to public. Doing so ensures other
assemblies cannot directly invoke an application’s entry point. Visual Studio 2005 automatically defines a pro-
gram’s Main() method as private.

Obviously, your choice of how to construct Main() will be based on two questions. First, do you
need to process any user-supplied command-line parameters? If so, they will be stored in the array
of strings. Second, do you want to return a value to the system when Main() has completed? If so,
you need to return an integer data type rather than void.
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Processing Command-Line Arguments

Assume that you now wish to update HelloClass to process possible command-line parameters:
// This time, check if you have been sent any command-line arguments.

using System;

class HelloClass

{
public static int Main(string[] args)
{
Console.WriteLine("***** Command line args *¥*¥*");
for(int i = 0; i < args.Length; i++)
Console.WritelLine("Arg: {0} ", args[i]);
}
}

Here, you are checking to see if the array of strings contains some number of items using the
Length property of System.Array (as you'll see later in this chapter, all C# arrays actually alias the
System.Array type, and therefore have a common set of members). As you loop over each item in
the array, its value is printed to the console window. Supplying the arguments at the command line
is equally as simple, as shown in Figure 3-1.

Figure 3-1. Supplying arguments at the command line

As an alternative to the standard for loop, you may iterate over incoming string arrays using
the C# foreach keyword. This bit of syntax is fully explained later in this chapter, but here is some
sample usage:

// Notice you have no need to check the size of the array when using 'foreach'.
public static int Main(string[] args)
{

foreach(string s in args)
Console.WritelLine("Arg: {0} ", s);

— .

Finally, you are also able to access command-line arguments using the static GetCommand-
LineArgs () method of the System.Environment type. The return value of this method is an array of
strings. The first index identifies the current directory containing the application itself, while the
remaining elements in the array contain the individual command-line arguments (when using this
technique, you no longer need to define the Main() method as taking a string array parameter):
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public static int Main(string[] args)

{
// Get arguments using System.Environment.
string[] theArgs = Environment.GetCommandLineArgs();
Console.WriteLine("Path to this app is: {0}", theArgs[o]);
}

Specifying Command-Line Arguments with Visual Studio 2005

In the real world, the end user supplies the command-line arguments used by a given application
when starting the program. However, during the development cycle, you may wish to specify possi-
ble command-line flags for testing purposes. To do so with Visual Studio 2005, double-click the
Properties icon from Solution Explorer and select the Debug tab on the left side. From here, specify
values using the “Command line arguments” text box (see Figure 3-2).

Figure 3-2. Setting command arguments via Visual Studio 2005

An Interesting Aside: The System.Environment
Class

Let’s examine the System.Environment class in greater detail. This class allows you to obtain a num-
ber of details regarding the operating system currently hosting your .NET application using various
static members. To illustrate this class’s usefulness, update your Main() method with the following
logic:

public static int Main(string[] args)
{

// 0S running this app?
Console.WriteLine("Current 0S: {0} ", Environment.0SVersion);

// Directory containing this app?
Console.WritelLine("Current Directory: {0} ",
Environment.CurrentDirectory);
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// List the drives on this machine.

string[] drives = Environment.GetlLogicalDrives();

for(int i = 0; i < drives.lLength; i++)
Console.WritelLine("Drive {0} : {1} ", 1, drives[i]);

// Which version of the .NET platform is running this app?
Console.Writeline("Executing version of .NET: {0} ",
Environment.Version);

Possible output can be seen in Figure 3-3.

Figure 3-3. Various environment variables at work

The System.Environment type defines members other than those presented in the previous
example. Table 3-1 documents some additional properties of interest; however, be sure to check out
the .NET Framework 2.0 SDK documentation for full details.

Table 3-1. Select Properties of System.Environment

Property Meaning in Life

MachineName Gets the name of the current machine

NewLine Gets the newline symbol for the current environment
ProcessorCount Returns the number of processors on the current machine
SystemDirectory Returns the full path to the system directory

UserName Returns the name of the entity that started this application

Defining Classes and Creating Objects

Now that you have the role of Main() under your belt, let’s move on to the topic of object construc-
tion. All object-oriented (OO) languages make a clear distinction between classes and objects.

A class is a definition (or, if you will, a blueprint) for a user-defined type (UDT). An object is simply

a term describing a given instance of a particular class in memory. In C#, the new keyword is the de
facto way to create an object. Unlike other OO languages (such as C++), it is not possible to allocate
a class type on the stack; therefore, if you attempt to use a class variable that has not been “new-ed,”
you are issued a compile-time error. Thus the following C# code is illegal:
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using System;

class HelloClass

{
public static int Main(string[] args)
{
// Exror! Use of unassigned local variable! Must use 'new’.
HelloClass c1;
c1.SomeMethod();
}
}

To illustrate the proper procedures for object creation, observe the following update:

using System;

class HelloClass

{
public static int Main(string[] args)
{
// You can declare and create a new object in a single line...
HelloClass c1 = new HelloClass();
// ...or break declaration and creation into two lines.
HelloClass c2;
c2 = new HelloClass();
}
}

The new keyword is in charge of calculating the correct number of bytes for the specified object
and acquiring sufficient memory from the managed heap. Here, you have allocated two objects of
the HelloClass class type. Understand that C# object variables are really a reference to the object in
memory, not the actual object itself. Thus, in this light, c1 and c2 each reference a unique HelloClass
object allocated on the managed heap.

The Role of Constructors

The previous HelloClass objects have been constructed using the default constructor, which by defini-
tion never takes arguments. Every C# class is automatically provided with a free default constructor,
which you may redefine if need be. The default constructor ensures that all member data is set to an
appropriate default value (this behavior is true for all constructors). Contrast this to C++, where unini-
tialized state data points to garbage (sometimes the little things mean a lot).

Typically, classes provide additional constructors beyond the default. In doing so, you provide the
object user with a simple way to initialize the state of an object at the time of creation. Like in Java and
C++, in C# constructors are named identically to the class they are constructing, and they never pro-
vide a return value (not even void). Here is the HelloClass type once again, with a custom constructor,
aredefined default constructor, and a point of public string data:

// HelloClass, with constructors.
using System;

class HelloClass

{
// A point of state data.

public string userMessage;
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// Default constructor.
public HelloClass()
{ Console.WritelLine("Default ctor called!"); }

// This custom constructor assigns state data
// to a user-supplied value.
public HelloClass (string msg)
{
Console.WriteLine("Custom ctor called!");
userMessage = msg;

}

// Program entry point.
public static int Main(string[] args)
{
// Call default constructor.
HelloClass c1 = new HelloClass();
Console.WriteLine("Value of userMessage: {0}\n", cl.userMessage);

// Call parameterized constructor.

HelloClass c2;

c2 = new HelloClass("Testing, 1, 2, 3");
Console.WriteLine("Value of userMessage: {0}", c2.userMessage);
Console.ReadLine();

return 0;

Note Technically speaking, when a type defines identically named members (including constructors) that differ
only in the number of—or type of—parameters, the member in question is overloaded. Chapter 4 examines mem-
ber overloading in detail.

On examining the program’s output, you can see that the default constructor has assigned the
string field to its default value (empty), while the custom constructor has assigned the member data
to the user-supplied value (see Figure 3-4).

Figure 3-4. Simple constructor logic

Note As soon as you define a custom constructor for a class type, the free default constructor is removed. If
you wish to allow your object users to create an instance of your type using the default constructor, you will need
to explicitly redefine it as in the preceding example.
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Is That a Memory Leak?

If you have a background in C++, you may be alarmed by the previous code samples. Specifically,
notice how the Main() method of the previous HelloClass type has no logic that explicitly destroys
the c1 and c2 references.

This is not a horrible omission, but the way of .NET. Like Visual Basic and Java developers, C#
programmers never explicitly destroy a managed object. The .NET garbage collector frees the
allocated memory automatically, and therefore C# does not support a delete keyword. Chapter 5
examines the garbage collection process in more detail. Until then, just remember that the NET
runtime environment automatically destroys the managed objects you allocate.

Defining an “Application Object”

Currently, the HelloClass type has been constructed to perform two duties. First, the class defines
the entry point of the application (the Main() method). Second, HelloClass maintains a point of field
data and a few constructors. While this is all well and good, it may seem a bit strange (although syn-
tactically well-formed) that the static Main() method creates an instance of the very class in which it
was defined:

class HelloClass

{

public static int Main(string[] args)

HelloClass c1 = new HelloClass();

Many of my initial examples take this approach, just to keep focused on illustrating the task at
hand. However, a more natural design would be to refactor the current HelloClass type into two dis-
tinct classes: HelloClass and HelloApp. When you build C# applications, it becomes quite common to
have one type functioning as the “application object” (the type that defines the Main() method) and
numerous other types that constitute the application at large.

In OO parlance, this is termed the separation of concerns. In a nutshell, this design principle
states that a class should be responsible for the least amount of work. Thus, we could reengineer the
current program into the following (notice that a new member named PrintMessage() has been added
to the HelloClass type):

class HelloClass

{

public string userMessage;

public HelloClass()
{ Console.WritelLine("Default ctor called!"); }

public HelloClass(string msg)

{
Console.WritelLine("Custom ctor called!");
userMessage = msg;
}
public void PrintMessage()
{
Console.WriteLine("Message is: {0}", userMessage);
}
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class HelloApp
public static int Main(string[] args)

HelloClass c1 = new HelloClass("Hey there...");
c1.PrintMessage();

Source Code The HelloClass project is located under the Chapter 3 subdirectory.

The System.Console Class

Many of the example applications created over the course of these first few chapters make extensive
use of the System.Console class. While a console user interface (CUI) is not as enticing as a Windows
or web UJ, restricting the early examples to a CUI will allow us to keep focused on the concepts under
examination, rather than dealing with the complexities of building GUIs.

As its name implies, the Console class encapsulates input, output, and error stream manipula-
tions for console-based applications. With the release of .NET 2.0, the Console type has been enhanced
with additional functionality. Table 3-2 lists some (but not all) new members of interest.

Table 3-2. Select .NET 2.0-Specific Members of System.Console

Member Meaning in Life

BackgroundColor These properties set the background/foreground colors for the current

ForegroundColor output. They may be assigned any member of the ConsoleColor
enumeration.

BufferHeight These properties control the height/width of the console’s buffer area.

BufferWidth

Clear() This method clears the buffer and console display area.

Title This property sets the title of the current console.

WindowHeight These properties control the dimensions of the console in relation to

WindowWidth the established buffer.

WindowTop

WindowLeft

Basic Input and Output with the Console Class

In addition to the members in Table 3-2, the Console type defines a set of methods to capture input
and output, all of which are defined as static and are therefore called at the class level. As you have
seen, WriteLine() pumps a text string (including a carriage return) to the output stream. The Write()
method pumps text to the output stream without a carriage return. ReadLine() allows you to receive
information from the input stream up until the carriage return, while Read() is used to capture a single
character from the input stream.

To illustrate basic I/0 using the Console class, consider the following Main() method, which
prompts the user for some bits of information and echoes each item to the standard output stream.
Figure 3-5 shows a test run.
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// Make use of the Console class to perform basic I/0.
static void Main(string[] args)

{
// Echo some stats.
Console.Write("Enter your name: ");
string s = Console.ReadlLine();
Console.WritelLine("Hello, {0} ", s);
Console.Write("Enter your age: ");
s = Console.ReadlLine();
Console.WritelLine("You are {0} years old", s);
}

" v e T BEIED

Figure 3-5. Basic I/O using System.Console

Formatting Console Output

During these first few chapters, you have seen numerous occurrences of the tokens {0}, {1}, and the
like embedded within a string literal. .NET introduces a new style of string formatting, slightly remi-
niscent of the C printf() function, but without the cryptic %d, %s, or %c flags. A simple example follows
(see the output in Figure 3-6):

static void Main(string[] args)

{
int thelnt = 90;
double theDouble = 9.99;
bool theBool = true;
// The '\n' token in a string literal inserts a newline.
Console.WritelLine("Int is: {0}\nDouble is: {1}\nBool is: {2}",
theInt, theDouble, theBool);
}

Figure 3-6. Multiple string literal placeholders
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The first parameter to Writeline() represents a string literal that contains optional placeholders
designated by {0}, {1}, {2}, and so forth (curly bracket numbering always begins with zero). The
remaining parameters to WritelLine() are simply the values to be inserted into the respective place-
holders (in this case, an int, a double, and a bool).

Also be aware that WritelLine() has been overloaded to allow you to specify placeholder values
as an array of objects. Thus, you can represent any number of items to be plugged into the format
string as follows:

// Fill placeholders using an array of objects.
object[] stuff = {"Hello", 20.9, 1, "There", "83", 99.99933} ;
Console.WritelLine("The Stuff: {o} , {1}, {2}, {3}, {4}, {5} ", stuff);

It is also permissible for a given placeholder to repeat within a given string. For example, if you
are a Beatles fan and want to build the string "9, Number 9, Number 9" you would write

// John says...
Console.WriteLine("{0}, Number {0}, Number {0}", 9);

Note If you have a mismatch between the number of uniquely numbered curly-bracket placeholders and fill
arguments, you will receive a FormatException exception at runtime.

.NET String Formatting Flags

If you require more elaborate formatting, each placeholder can optionally contain various format
characters (in either uppercase or lowercase), as seen in Table 3-3.

Table 3-3. .NET String Format Characters

String Format Character Meaning in Life

Corc Used to format currency. By default, the flag will prefix the local cultural
symbol (a dollar sign [$] for U.S. English).

Dord Used to format decimal numbers. This flag may also specify the minimum
number of digits used to pad the value.

Eore Used for exponential notation.

Forf Used for fixed-point formatting.

Gorg Stands for general. This character can be used to format a number to
fixed or exponential format.

Norn Used for basic numerical formatting (with commas).

Xorx Used for hexadecimal formatting. If you use an uppercase X, your hex

format will also contain uppercase characters.

These format characters are suffixed to a given placeholder value using the colon token (e.g.,
{0:C}, {1:d}, {2:X}, and so on). Assume you have updated Main() with the following logic:

// Now make use of some format tags.
static void Main(string[] args)

{

Console.WritelLine("C format: {0:C}", 99989.987);
Console.WritelLine("D9 format: {0:D9}", 99999);
Console.WritelLine("E format: {0:E}", 99999.76543);
Console.WritelLine("F3 format: {0:F3}", 99999.9999);
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Console.WritelLine("N format: {0:N}", 99999);
Console.WriteLine("X format: {0:X}", 99999);
Console.Writeline("x format: {0:x}", 99999);

Be aware that the use of .NET formatting characters is not limited to console applications. These
same flags can be used within the context of the static String.Format() method. This can be helpful
when you need to build a string containing numerical values in memory for use in any application
type (Windows Forms, ASPNET, XML web services, and so on):

static void Main(string[] args)

{
// Use the static String.Format() method to build a new string.
string formatStr;
formatStr =
String.Format("Don't you wish you had {0:C} in your account?",
99989.987);
Console.Writeline(formatStr);
}

Figure 3-7 shows a test run.

Figure 3-7. String format flags in action

Source Code The BasicConsolelO project is located under the Chapter 3 subdirectory.

Establishing Member Visibility

Before we go much further, it is important to address the topic of member visibility. Members (methods,
fields, constructors, and so on) of a given class or structure must specify their “visibility” level. If you
define a member without specifying an accessibility keyword, it automatically defaults to private. C#
offers the method access modifiers shown in Table 3-4.
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Table 3-4. C# Accessibility Keywords

C# Access Modifier Meaning in Life

public Marks a member as accessible from an object variable as well as any
derived classes.

private Marks a method as accessible only by the class that has defined the
method. In C#, all members are private by default.

protected Marks a method as usable by the defining class, as well as any derived
classes. Protected methods, however, are not accessible from an object
variable.

internal Defines a method that is accessible by any type in the same assembly,

but not outside the assembly.

protected internal Defines a method whose access is limited to the current assembly or
types derived from the defining class in the current assembly.

As you may already know, members that are declared public are directly accessible from an object
reference via the dot operator (.). Private members cannot be accessed by an object reference, but
instead are called internally by the object to help the instance get its work done (i.e., private helper
functions).

Protected members are only truly useful when you create class hierarchies, which is the subject
of Chapter 4. As far as internal or internal protected members are concerned, they are only truly useful
when you are creating .NET code libraries (such as a managed *.d11, a topic examined in Chapter 11).

To illustrate the implications of these keywords, assume you have created a class (SomeClass)
using each of the possible member access modifiers:

// Member visibility options.
class SomeClass
{
// Accessible anywhere.
public void PublicMethod(){}

// Accessible only from SomeClass types.
private void PrivateMethod(){}

// Accessible from SomeClass and any descendent.
protected void ProtectedMethod(){}

// Accessible from within the same assembly.
internal void InternalMethod(){}

// Assembly-protected access.
protected internal void ProtectedInternalMethod(){}

// Unmarked members are private by default in Ci.
void SomeMethod(){}

Now assume you have created an instance of SomeClass and attempt to invoke each method
using the dot operator:

static void Main(string[] args)

{
// Make an object and attempt to call members.
SomeClass ¢ = new SomeClass();
c.PublicMethod();
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c.InternalMethod();
c.ProtectedInternalMethod();
c.PrivateMethod(); // Error!
c.ProtectedMethod(); // Error!
c.SomeMethod(); // Exror!

If you compile this program, you will find that the protected and private members are not acces-
sible from an object.

Source Code The MemberAccess project is located under the Chapter 3 subdirectory.

Establishing Type Visibility

Types (classes, interfaces, structures, enumerations, and delegates) can also take accessibility modi-

fiers, but are limited to public or internal. When you create a public type, you ensure that the type can
be accessed from other types in the current assembly as well as external assemblies. Again, this is useful
only when you are creating a code library (see Chapter 11); however, here is some example usage:

// This type can be used by any assembly.
public class MyClass{}

An internal type, on the other hand, can be used only by the assembly in which it is defined.
Thus, if you created a .NET code library that defines three internal types, assemblies that reference
the *.d11 would not be able to see, create, or in anyway interact with them.

Because internal is the default accessibility for types in C#, if you do not specifically make use
of the public keyword, you actually create an internal type:

// These classes can only be used by the defining assembly.
internal class MyHelperClass{}
class FinalHelperClass{} // Types are internal by default in Ci.

Note In Chapter 4 you'll learn about nested types. As you'll see, nested types can be declared private as well.

Default Values of Class Member Variables

The member variables of class types are automatically set to an appropriate default value. This
value will differ based on the exact data type; however, the rules are simple:

* bool types are set to false.

e Numeric data is set to 0 (or 0.0 in the case of floating-point data types).
* string types are set to null.

e char types aresetto '\0'.

» Reference types are set to null.

Given these rules, ponder the following code:

// Fields of a class type receive automatic default assignments.
class Test

{
public int myInt; // Set to 0.
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public string myString; // Set to null.
public bool myBool; // Set to false.
public object myObj; // Set to null.

Default Values and Local Variables

The story is very different, however, when you declare local variables within a member scope. When
you define local variables, you must assign an initial value before you use them, as they do not receive
a default assignment. For example, the following code results in a compiler error:

// Compiler error! Must assign 'locallnt’' to an initial value before use.
static void Main(string[] args)
{

int locallnt;

Console.WritelLine(locallnt);

Fixing the problem is trivial. Simply make an initial assignment:

// Better; everyone is happy.
static void Main(string[] args)
{
int locallnt = o;
Console.WritelLine(locallnt);

Note There’s one exception to the mandatory assignment of local variables. If the variable is used as an output
parameter (you’ll examine this a bit later in this chapter), the variable doesn’t need to be assigned an initial value.

Member Variable Initialization Syntax

Class types tend to have numerous member variables (aka fields). Given that a class may define multiple
constructors, you can find yourself in the annoying position of having to write the same initialization
code in each and every constructor implementation. This is particularly true if you do not wish to accept
the member’s default value. For example, if you wish to ensure that an integer member variable (myInt)
always begins life with the value of 9, you could write

// This is OK, but redundant...
class Test

{
public int myInt;
public string myString;

public Test() { myInt = 9; }
public Test(string s)

{
myInt = 9;
myString = s;

An alternative would be to define a private helper function for your class type that is called by
each constructor. While this will reduce the amount of repeat assignment code, you are now stuck
with the following redundancy:
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// This is still rather redundant...
class Test

{
public int myInt;
public string myString;

public Test() { InitData(); }
public Test(string s)

{
myString = s;
InitData();

private void InitData()
{ myInt = 9; }

While both of these techniques are still valid, C# allows you to assign a type’s member data to an
initial value at the time of declaration (as you may be aware, other OO languages [such as C++] do not
allow you to initialize a member in this way). Notice in the following code blurb that member initial-
ization may be used with internal object references as well as numerical data types:

// This technique is useful when you don't want to accept default values
// and would rather not write the same initialization code in each constructor.
class Test

{

public int myInt = 9;

public string myStr = "My initial value.";

public SportsCar viper = new SportsCar(Color.Red);
}

Note Member assignment happens before constructor logic. Thus, if you assign a field within the scope of
a constructor, it effectively cancels out the previous member assignment.

Defining Constant Data

Now that you have seen how to declare class variables, let’s see how to define data that should never
be reassigned. C# offers the const keyword to define variables with a fixed, unalterable value. Once
the value of a constant has been established, any attempt to alter it results in a compiler error. Unlike
in C++, in C# the const keyword cannot be used to qualify parameters or return values, and is reserved
for the creation of local or instance-level data.

It is important to understand that the value assigned to a constant variable must be known at com-
pile time, and therefore a constant member cannot be assigned to an object reference (whose value is
computed at runtime). To illustrate the use of the const keyword, assume the following class type:

class ConstData

{
// The value assigned to a const must be known
// at compile time.
public const string BestNbaTeam = "Timberwolves";
public const double SimplePI = 3.14;
public const bool Truth = true;
public const bool Falsity = ITruth;
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Notice that the value of each constant is known at the time of compilation. In fact, if you were to
view these constants using ildasm.exe, you would find the value hard-coded directly into the assem-
bly, as shown in Figure 3-8. (You can’'t get much more constant than this!)

F Capitaste Caral st BeuiPbaTe s = poblie sratac iBar sl @06 e r-:'EE
Grnd ol Hao!
. Field pehlic static literal string Besthhalean = "Tinberwolves"

Figure 3-8. The const keyword hard-codes its value into the assembly metadata.

Referencing Constant Data

When you wish to reference a constant defined by an external type, you must prefix the defining
type name (e.g., ConstData.Truth), as constant fields are implicitly static. However, if you are refer-
encing a piece of constant data defined in the current type (or within the current member), you are
not required to prefix the type name. To solidify these points, observe the following additional class:

class Program

{
public const string BestNhlTeam = "Wild";
static void Main(string[] args)
{
// Print const values defined by other type.
Console.WritelLine("Nba const: {0}", ConstData.BestNbaTeam);
Console.WritelLine("SimplePI const: {0}", ConstData.SimplePI);
Console.WritelLine("Truth const: {0}", ConstData.Truth);
Console.Writeline("Falsity const: {0}", ConstData.Falsity);
// Print member-level const.
Console.WritelLine("Nhl const: {0}", BestNhlTeam);
// Print local-scoped const.
const int LocalFixedValue = 4;
Console.WritelLine("Local const: {0}", LocalFixedValue);
Console.ReadlLine();
}
}

Notice that when the Program class accesses the constants within ConstData, the type name must
be specified. However, Program has direct access to the BestNh1Team constant as it was defined within
its own class scope. The LocalFixedValue constant defined within Main() would, of course, be acces-
sible only from the Main() method.

Source Code The Constants project is located under the Chapter 3 subdirectory.
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Defining Read-Only Fields

As mentioned earlier, the value assigned to a constant must be known at compile time. However, what
if you wish to create an unchangeable field whose initial value is not known until runtime? Assume
you have created a class named Tire, which maintains a manufacture ID. Furthermore, assume you
wish to configure this class type to maintain a pair of well-known Tire instances whose value should
never change. If you use the const keyword, you will receive compiler errors, given that the address
of an object in memory is not known until runtime:

class Tire

{

// Given that the address of objects is determined at
// runtime, we cannot use the 'const’' keyword here!
public const Tire GoodStone = new Tire(90); // Error!
public const Tire FireYear = new Tire(100); // Exror!

public int manufacturelID;
public Tire() {}

public Tire(int ID)

{ manufactureID = ID; }

Read-only fields allow you to establish a point of data whose value is not known at compile time,
but that should never change once established. To define a read-only field, make use of the C# read-
only keyword:

class Tire

{

public readonly Tire GoodStone = new Tire(90);
public readonly Tire FireYear = new Tire(100);

public int manufacturelID;
public Tire() {}

public Tire(int ID)

{ manufactureID = ID; }

With this update, you not only compile, but also ensure that if the GoodStone or FireYear fields
are changed within your program, you receive a compilation error:

static void Main(string[] args)

{
// Error! Can't change the value of a read-only field.
Tire t = new Tire();
t.FireYear = new Tire(33);

}

Read-only fields have another distinction from constant data: their value may be assigned within
the scope of a constructor. This can be very useful if the value to assign to a read-only field must be
read from an external source (such as a text file or database). Assume another class named Employee,
which defines a read-only string representing a U.S. Social Security number (SSN). To ensure the object
user can specify this value, you may author the following code:

class Employee

public readonly string SSN;
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public Employee(string empSSN)
{

SSN = empSSN;

Again, because SSN is readonly, any attempt to change this value after the constructor logic results
in a compiler error:

static void Main(string[] args)

{
Employee e = new Employee("111-22-1111");
e.SSN = "222-22-2222"; // Error!

Static Read-Only Fields

Unlike constant data, read-only fields are not implicitly static. If you wish to allow object users to
obtain the value of a read-only field from the class level, simply make use of the static keyword:

class Tire

{

public static readonly Tire GoodStone = new Tire(90);
public static readonly Tire FireYear = new Tire(100);

Here is an example of working with the new Tire type:

static void Main(string[] args)
{
Tire myTire = Tire.FireYear;
Console.WritelLine("ID of my tire is: {0}", myTire.manufactureID);

Source Code The ReadOnlyFields project is included under the Chapter 3 subdirectory.

Understanding the static Keyword

As shown throughout this chapter, C# class (and structure) members may be defined using the static
keyword. When you do so, the member in question must be invoked directly from the class level, rather
than from a type instance. To illustrate the distinction, consider our good friend System.Console. As you
have seen, you do not invoke the WritelLine() method from the object level:

// Error! WriteLine() is not an instance level method!
Console c = new Console();
c.WriteLine("I can't be printed...");

but instead simply prefix the type name to the static WriteLine() member:

// Correct! WriteLine() is a static method.
Console.WriteLine("Thanks...");

Simply put, static members are items that are deemed (by the type designer) to be so common-
place that there is no need to create an instance of the type. When you are designing custom class
types, you are also able to define any number of static and/or instance-level members.
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Static Methods

Assume a class named Teenager that defines a static method named Complain(), which returns
arandom string, obtained in part by calling a private helper function named GetRandomNumbex ():

class Teenager

{

private static Random r = new Random();
private static int GetRandomNumber(short upperLimit)
{ return r.Next(upperLimit); }

public static string Complain()
{

string[] messages = new string[5]{ "Do I have to?",
"He started it!", "I'm too tired...",
"I hate school!", "You are sooo wrong." } ;
return messages[GetRandomNumber(5)];

Notice that the System.Random member variable and the GetRandomNumbex () helper function method
have also been declared as static members of the Teenager class, given the rule that static members can
operate only on other static members.

Note Allow me to repeat myself. Static members can operate only on static class members. If you attempt to
make use of nonstatic class members (also called instance data) within a static method, you receive a compiler error.

Like any static member, to call Complain(), prefix the name of the defining class:

// Call the static Complain method of the Teenager class.
static void Main(string[] args)

for(int i = 0; i < 10; i++)
Console.WriteLine("-> {0}", Teenager.Complain());

And like any nonstatic method, if the Complain() method was not marked static, you would
need to create an instance of the Teenager class before you could hear about the gripe of the day:

// Nonstatic data must be invoked at the object level.
Teenager joe = new Teenager();
joe.Complain();

Source Code The StaticMethods application is located under the Chapter 3 subdirectory.

Static Data

In addition to static methods, a type may also define static data (such as the Random member variable
seen in the previous Teenager class). Understand that when a class defines nonstatic data, each object
of this type maintains a private copy of the field. For example, assume a class that models a savings
account:
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// This class has a single piece of nonstatic data.
class SavingsAccount

public double currBalance;
public SavingsAccount(double balance)
{ currBalance = balance;}

When you create SavingsAccount objects, memory for the currBalance field is allocated for each
instance. Static data, on the other hand, is allocated once and shared among all object instances of
the same type. To illustrate the usefulness of static data, assume you add piece of static data named
currInterestRate to the SavingsAccount class:

class SavingsAccount

{
public double currBalance;
public static double currInterestRate = 0.04;
public SavingsAccount(double balance)
{ currBalance = balance;}
}

If you were to create three instances of SavingsAccount as so:

static void Main(string[] args)

{
// Each SavingsAccount object maintains a copy of the currBalance field.
SavingsAccount s1 = new SavingsAccount(50);
SavingsAccount s2 = new SavingsAccount(100);
SavingsAccount s3 = new SavingsAccount(10000.75);
}

the in-memory data allocation would look something like Figure 3-9.

Savings Account:S1

mBalance=50 \

Savings Account:S2

| mInterestRate=.04

mBalance=100

Savings Account:S3

mBalance=10000.75

Figure 3-9. Static data is shared for all instances of the defining class.

Let’s update the SavingsAccount class to define two static methods to get and set the interest
rate value. As stated, static methods can operate only on static data. However, a nonstatic method
can make use of both static and nonstatic data. This should make sense, given that static data is
available to all instances of the type. Given this, let’s also add two instance-level methods to interact
with the interest rate variable:
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class SavingsAccount

{
public double currBalance;
public static double currInterestRate = 0.04;
public SavingsAccount(double balance)
{ currBalance = balance;}

// Static methods to get/set interest rate.
public static SetInterestRate(double newRate)
{ currInterestRate = newRate;}

public static double GetInterestRate()
{ return currInterestRate;}

// Instance method to get/set current interest rate.
public void SetInterestRateObj(double newRate)
{ currInterestRate = newRate;}

public double GetInterestRateObj()
{ return currlnterestRate;}

Now, observe the following usage and the output in Figure 3-10:

static void Main(string[] args)

{
Console.WriteLine("***** Fyn with Static Data *¥ik");
SavingsAccount s1 = new SavingsAccount(50);
SavingsAccount s2 = new SavingsAccount(100);
// Get and set interest rate.
Console.WritelLine("Interest Rate is: {0}", si.GetInterestRateObj());
s2.SetInterestRate0Obj(0.08);
// Make new object, this does NOT 'reset' the interest rate.
SavingsAccount s3 = new SavingsAccount(10000.75);
Console.WritelLine("Interest Rate is: {0}", SavingsAccount.GetInterestRate());
Console.ReadlLine();

}

Figure 3-10. Static data is allocated only once.

Static Constructors

As you know, constructors are used to set the value of a type’s data at the time of construction. If
you were to assign the value to a piece of static data within an instance-level constructor, you
would be saddened to find that the value is reset each time you create a new object! For example,
assume you have updated the SavingsAccount class as so:
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class SavingsAccount

{
public double currBalance;
public static double currInterestRate;
public SavingsAccount(double balance)
{
currBalance = balance;
currInterestRate = 0.04;
}
}

If you execute the previous Main() method, you will see a very different output (see Figure 3-11).
Specifically notice how the currInterestRate variable is reset each time you create a new SavingsAccount
object.

Figure 3-11. Assigning static data in a constructor “resets” the value.

While you are always free to establish the initial value of static data using the member initialization
syntax, what if the value for your static data needed to be obtained from a database or external file?
To perform such tasks requires a method scope to author the code statements. For this very reason, C#
allows you to define a static constructor:

class SavingsAccount

{
// Static constructor.
static SavingsAccount()
Console.WriteLine("In static ctor!");
currlnterestRate = 0.04;
}
}

Here are a few points of interest regarding static constructors:

» A given class (or structure) may define only a single static constructor.

* Astatic constructor executes exactly one time, regardless of how many objects of the type are
created.

* Astatic constructor does not take an access modifier and cannot take any parameters.

¢ The runtime invokes the static constructor when it creates an instance of the class or before
accessing the first static member invoked by the caller.

» The static constructor executes before any instance-level constructors.

Given this modification, when you create new SavingsAccount objects, the value of the static
data is preserved, and the output is identical to Figure 3-10.
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Static Classes

C# 2005 has widened the scope of the static keyword by introducing static classes. When a class has
been defined as static, it is not creatable using the new keyword, and it can contain only static mem-
bers or fields (if this is not the case, you receive compiler errors).

At first glance, this might seem like a very useless feature, given that a class that cannot be cre-
ated does not appear all that helpful. However, if you create a class that contains nothing but static
members and/or constant data, the class has no need to be allocated in the first place. Consider the
following type:

// Static classes can only
// contain static members and constant fields.
static class UtilityClass

{
public static void PrintTime()
{ Console.Writeline(DateTime.Now.ToShortTimeString()); }
public static void PrintDate()
{ Console.Writeline(DateTime.Today.ToShortDateString()); }
}

Given the static modifier, object users cannot create an instance of UtilityClass:

static void Main(string[] args)

{
UtilityClass.PrintDate();
// Compiler error! Can't create static classes.
UtilityClass u = new UtilityClass();

}

Prior to C# 2005, the only way to prevent an object user from creating such a type was to either
redefine the default constructor as private or mark the class as an abstract type using the C#
abstract keyword (full details regarding abstract types are in Chapter 4):

class UtilityClass

{ private UtilityClass(){}
abstract class UtilityClass
{

While these constructs are still permissible, the use of static classes is a cleaner solution and
more type-safe, given that the previous two techniques allowed nonstatic members to appear within
the class definition.

Source Code The StaticData project is located under the Chapter 3 subdirectory.
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Method Parameter Modifiers

Methods (static and instance level) tend to take parameters passed in by the caller. However, unlike
some programming languages, C# provides a set of parameter modifiers that control how arguments
are sent into (and possibly returned from) a given method, as shown in Table 3-5.

Table 3-5. C# Parameter Modlifiers

Parameter Modifier

Meaning in Life

(none)

out

params

ref

If a parameter is not marked with a parameter modifier, it is assumed to
be passed by value, meaning the called method receives a copy of the
original data.

Output parameters are assigned by the method being called (and therefore
passed by reference). If the called method fails to assign output parameters,
you are issued a compiler error.

This parameter modifier allows you to send in a variable number of
identically typed arguments as a single logical parameter. A method can
have only a single params modifier, and it must be the final parameter of
the method.

The value is initially assigned by the caller, and may be optionally reassigned
by the called method (as the data is also passed by reference). No compiler
error is generated if the called method fails to assign a ref parameter.

The Default Parameter-Passing Behavior

The default manner in which a parameter is sent into a function is by value. Simply put, if you do
not mark an argument with a parameter-centric modifier, a copy of the variable is passed into the

function:

// Arguments are passed by value by default.
public static int Add(int x, int y)

// Caller will not see these changes
// as you are modifying a copy of the

{
int ans = x + y;
// original data.
X = 10000;
y = 88888;
return ans;

}

Here, the incoming integer parameters will be passed by value. Therefore, if you change the
values of the parameters within the scope of the member, the caller is blissfully unaware, given that
you are changing the values of copies of the caller’s integer data types:

static void Main(string[] args)

{

int x =9, y = 10;

Console.Writeline("Before call: X: {0}, Y: {1}", x, y);
Console.WriteLine("Answer is: {0}", Add(x, y));
Console.WritelLine("After call: X: {0}, Y: {1}", x, y);

As you would hope, the values of x and y remain identical before and after the call to Add().
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The out Modifier

Next, we have the use of output parameters. Methods that have been defined to take output parame-
ters are under obligation to assign them to an appropriate value before exiting the method in question
(if you fail to ensure this, you will receive compiler errors).

To illustrate, here is an alternative version of the Add() method that returns the sum of two integers
using the C# out modifier (note the physical return value of this method is now void):

// Output parameters are allocated by the member.
public static void Add(int x, int y, out int ans)

{
}

Calling a method with output parameters also requires the use of the out modifier. Recall that
local variables passed as output variables are not required to be assigned before use (if you do so, the
original value is lost after the call), for example:

ans = x +y;

static void Main(string[] args)

{
// No need to assign local output variables.
int ans;
Add(90, 90, out ans);
Console.Writeline("90 + 90 = {0} ", ans);
}

The previous example is intended to be illustrative in nature; you really have no reason to return
the value of your summation using an output parameter. However, the C# out modifier does serve
a very useful purpose: it allows the caller to obtain multiple return values from a single method
invocation.

// Returning multiple output parameters.
public static void FillTheseValues(out int a, out string b, out bool c)

{

a=09;
b = "Enjoy your string.";
c = true;

The caller would be able to invoke the following method:

static void Main(string[] args)

{
int i;
string str;
bool b;
FillTheseValues(out i, out str, out b);
Console.WritelLine("Int is: {o}", 1i);
Console.WritelLine("String is: {0}", str);
Console.WritelLine("Boolean is: {0}", b);
}
The ref Modifier

Now consider the use of the C# ref parameter modifier. Reference parameters are necessary when
you wish to allow a method to operate on (and usually change the values of) various data points
declared in the caller’s scope (such as a sorting or swapping routine). Note the distinction between
output and reference parameters:
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¢ Output parameters do not need to be initialized before they passed to the method. The reason
for this? The method must assign output parameters before exiting.

¢ Reference parameters must be initialized before they are passed to the method. The reason
for this? You are passing a reference to an existing variable. If you don't assign it to an initial
value, that would be the equivalent of operating on an unassigned local variable.

Let’s check out the use of the ref keyword by way of a method that swaps two strings:

// Reference parameter.
public static void SwapStrings(ref string si, ref string s2)

{
string tempStr = si;
sl = s2;
s2 = tempStr;

}

This method can be called as so:

static void Main(string[] args)

{
string s = "First string";
string s2 = "My other string";
Console.WriteLine("Before: {0}, {1} ", s, s2);
SwapStrings(ref s, ref s2);
Console.WritelLine("After: {0}, {1} ", s, s2);
}

Here, the caller has assigned an initial value to local string data (s and s2). Once the call to
SwapStrings() returns, s now contains the value "My other string", while s2 reports the value
"First string".

The params Modifier

The final parameter modifier is the params modifier, which allows you to create a method that may be
sent to a set of identically typed arguments as a single logical parameter. Yes, this can be confusing. To
clear the air, assume a method that returns the average of any number of doubles:

// Return average of 'some number' of doubles.
static double CalculateAverage(params double[] values)

double sum = 0;

for (int i = 0; i < values.lLength; i++)
sum += values[i];

return (sum / values.length);

This method has been defined to take a parameter array of doubles. What this method is in fact
saying is, “Send me any number of doubles and I'll compute the average.” Given this, you can call
CalculateAverage() in any of the following ways (if you did not make use of the params modifier in the
definition of CalculateAverage(), the first invocation of this method would result in a compiler error):

static void Main(string[] args)
{
// Pass in a comma-delimited list of doubles...
double average;
average = CalculateAverage(4.0, 3.2, 5.7);
Console.WritelLine("Average of 4.0, 3.2, 5.7 is: {o0}",
average);
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// ...or pass an array of doubles.

double[] data = { 4.0, 3.2, 5.7 };

average = CalculateAverage(data);
Console.Writeline("Average of data is: {0}", average);
Console.ReadlLine();

That wraps up our initial look at parameter modifiers. We'll revisit this topic later in the chapter
when we examine the distinction between value types and reference types. Next up, let’s check out
the iteration and decision constructions of the C# programming language.

Source Code The SimpleParams project is located under the Chapter 3 subdirectory.

Iteration Constructs

All programming languages provide ways to repeat blocks of code until a terminating condition has
been met. Regardless of which language you have used in the past, the C# iteration statements
should not raise too many eyebrows and should require little explanation. C# provides the following
four iteration constructs:

e for loop

e foreach/inloop

e whileloop

¢ do/whileloop

Let’s quickly examine each looping construct in turn.

The for Loop

When you need to iterate over a block of code a fixed number of times, the for statement is the con-
struct of champions. In essence, you are able to specify how many times a block of code repeats itself,
as well as the terminating condition. Without belaboring the point, here is a sample of the syntax:

// A basic for loop.
static void Main(string[] args)

{
// Note! 'i' is only visible within the scope of the for loop.
for(int i = 0; i < 10; i++)
Console.WriteLine("Number is: {o} ", i);
}
// 'i' is not visible here.
}

All of your old C, C++, and Java tricks still hold when building a C# for statement. You can create
complex terminating conditions, build endless loops, and make use of the goto, continue, and break
keywords. I'll assume that you will bend this iteration construct as you see fit. Consult the .NET Frame-
work 2.0 SDK documentation if you require further details on the C# for keyword.



CHAPTER 3 ' C# LANGUAGE FUNDAMENTALS

The foreach Loop

The C# foreach keyword allows you to iterate over all items within an array, without the need to test
for the array’s upper limit. Here are two examples using foreach, one to traverse an array of strings
and the other to traverse an array of integers:

// Tterate array items using foreach.
static void Main(string[] args)

{
string[] books = {"Complex Algorithms",
"Do you Remember Classic COM?",
"C# and the .NET Platform"};
foreach (string s in books)
Console.WriteLine(s);
int[] myInts = { 10, 20, 30, 40 };
foreach (int i in myInts)
Console.Writeline(i);
}

In addition to iterating over simple arrays, foreach is also able to iterate over system-supplied
or user-defined collections. I'll hold off on the details until Chapter 7, as this aspect of the foreach
keyword entails an understanding of interface-based programming and the role of the IEnumerator
and IEnumerable interfaces.

The while and do/while Looping Constructs

The while looping construct is useful should you wish to execute a block of statements until some
terminating condition has been reached. Within the scope of awhile loop, you will, of course, need
to ensure this terminating event is indeed established; otherwise, you will be stuck in an endless loop.
In the following example, the message “In while loop” will be continuously printed until the user
terminates the loop by entering yes at the command prompt:

static void Main(string[] args)

{

n n

string userIsDone = "no";

// Test on a lower class copy of the string.
while(userIsDone.ToLower() != "yes")

{
Console.Write("Are you done? [yes] [no]: ");
userIsDone = Console.ReadlLine();
Console.WritelLine("In while loop");

Closely related to the while loop is the do/while statement. Like a simple while loop, do/while
is used when you need to perform some action for an undetermined number of times. The difference
is that do/while loops are guaranteed to execute the corresponding block of code at least once (in con-
trast, it is possible that a simple while loop may never execute if the terminating condition is false
from the onset).

static void Main(string[] args)

{

nn

string userIsDone = "";

do
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{

Console.Writeline("In do/while loop");

Console.Write("Are you done? [yes] [no]: ");

userIsDone = Console.ReadlLine();
}while(userIsDone.ToLower() != "yes"); // Note the semicolon!

Decision Constructs and the Relational/Equality
Operators

Now that you can iterate over a block of statements, the next related concept is how to control the
flow of program execution. C# defines two simple constructs to alter the flow of your program, based
on various contingencies:

e The if/else statement

¢ The switch statement

The if/else Statement

First up is our good friend the if/else statement. Unlike in C and C++, however, the if/else state-
ment in C# operates only on Boolean expressions, not ad hoc values such as -1, 0. Given this, if/else
statements typically involve the use of the C# operators shown in Table 3-6 in order to obtain a literal
Boolean value.

Table 3-6. C# Relational and Equality Operators

C# Equality/Relational Operator Example Usage Meaning in Life

== if(age == 30) Returns true only if each expression is
the same

I= if("Foo" != myStr) Returns true only if each expression is
different

< if(bonus < 2000) Returns true if expression A is less than,

> if(bonus > 2000) greater than, less than or equal to,

<= if(bonus <= 2000) or greater than or equal to expression B

>= if(bonus >= 2000)

Again, C and C++ programmers need to be aware that the old tricks of testing a condition for
avalue “not equal to zero” will not work in C#. Let’s say you want to see if the string you are working
with is longer than zero characters. You may be tempted to write

// This is illegal, given that Length returns an int, not a bool.
string thoughtOfTheDay = "You CAN teach an old dog new tricks";
if(thoughtOfTheDay.Length)

If you wish to make use of the String.Length property to determine if you have an empty string,
you need to modify your conditional expression as follows:
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// Legal, as this resolves to either true or false.
if( 0 != thoughtOfTheDay.Length)
{

}

An if statement may be composed of complex expressions as well and can contain else state-
ments to perform more-complex testing. The syntax is identical to C(++) and Java (and not too far
removed from Visual Basic). To build complex expressions, C# offers an expected set of conditional
operators, as shown in Table 3-7.

Table 3-7. C# Conditional Operators

Operator Example Meaning in Life

&& if((age == 30) & (name == "Fred")) Conditional AND operator
[ if((age == 30) || (name == "Fred")) Conditional OR operator

! if(!myBool) Conditional NOT operator

The switch Statement

The other simple selection construct offered by C# is the switch statement. As in other C-based lan-
guages, the switch statement allows you to handle program flow based on a predefined set of choices.
For example, the following Main() logic prints a specific string message based on one of two possible
selections (the default case handles an invalid selection):

// Switch on a numerical value.
static void Main(string[] args)

{
Console.Writeline("1 [C#], 2 [VB]");
Console.Write("Please pick your language preference: ");
string langChoice = Console.ReadlLine();
int n = int.Parse(langChoice);
switch (n)
case 1:
Console.Writeline("Good choice, C# is a fine language.");
break;
case 2:
Console.WritelLine("VB .NET: OOP, multithreading, and more!");
break;
default:
Console.WriteLine("Well...good luck with that!");
break;
}
}

Note C# demands that each case (including default) that contains executable statements have a terminating
break or goto to avoid fall-through.
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One nice feature of the C# switch statement is that you can evaluate string data in addition to
numeric data. Here is an updated switch statement that does this very thing (notice we have no need
to parse the user data into a numeric value with this approach):

static void Main(string[] args)

{
Console.WriteLine("C# or VB");
Console.Write("Please pick your language preference: ");
string langChoice = Console.ReadlLine();
switch (langChoice)
case "C#":
Console.WritelLine("Good choice, C# is a fine language.");
break;
case "VB":
Console.WriteLine("VB .NET: O0P, multithreading and more!");
break;
default:
Console.WritelLine("Well...good luck with that!");
break;
}
}

Source Code The IterationsAndDecisions project is located under the Chapter 3 subdirectory.

Understanding Value Types and Reference Types

Like any programming language, C# defines a number of keywords that represent basic data types
such as whole numbers, character data, floating-point numbers, and Boolean values. If you come
from a C++ background, you will be happy to know that these intrinsic types are fixed constants in
the universe, meaning that when you create an integer data point, all .NET-aware languages under-
stand the fixed nature of this type, and all agree on the range it is capable of handling.

Specifically speaking, a .NET data type may be value-based or reference-based. Value-based types,
which include all numerical data types (int, float, etc.), as well as enumerations and structures, are
allocated on the stack. Given this factoid, value types can be quickly removed from memory once they
fall out of the defining scope:

// Integers are value types!
public void SomeMethod()
{
int 1 = 0;
Console.Writeline(i);
} /7 'i' is popped off the stack here!

When you assign one value type to another, a member-by-member copy is achieved by default.
In terms of numerical or Boolean data types, the only “member” to copy is the value of the variable
itself:

// Assigning two intrinsic value types results in
// two independent variables on the stack.

public void SomeMethod()

{
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int 1 = 99;
int j = i;

// After the following assignment, 'i' is still 99.
j = 8732;

While the previous example is no major newsflash, understand that .NET structures (and enumer-
ations, which are examined later in this chapter) are also value types. Structures, simply put, provide
a way to achieve the bare-bones benefits of object orientation (i.e., encapsulation) while having the
efficiency of stack-allocated data. Like a class, structures can take constructors (provided they have
arguments) and define any number of members.

All structures are implicitly derived from a class named System.ValueType. Functionally, the only
purpose of System.ValueType is to “override” the virtual methods defined by System.Object (described
in just a moment) to honor value-based, versus reference-based, semantics. In fact, the instance meth-
ods defined by System.ValueType are identical to those of System.0bject:

// Structures and enumerations extend System.ValueType.
public abstract class ValueType : object

{
public virtual bool Equals(object obj);
public virtual int GetHashCode();
public Type GetType();
public virtual string ToString();

}

Assume you have created a C# structure named MyPoint, using the C# struct keyword:
// Structures are value types!
struct MyPoint

public int x, y;

To allocate a structure type, you may make use of the new keyword, which may seem counterin-
tuitive given that we typically think new always implies heap allocation. This is part of the smoke and
mirrors maintained by the CLR. As programmers, we can assume everything is an object and new
value types. However, when the runtime encounters a type derived from System.ValueType, stack
allocation is achieved:

// Still on the stack!
MyPoint p = new MyPoint();

As an alternative, structures can be allocated without using the new keyword:

MyPoint p1;
pl.x = 100;
pl.y = 100;

If you take this approach, however, you must initialize each piece of field data before use.
Failing to do so results in a compiler error.

Value Types, References Types, and the Assignment Operator

Now, ponder the following Main() method and observe the output shown in Figure 3-12:
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static void Main(string[] args)

{
Console.WritelLine("***** Value Types / Reference Types *¥¥¥x");
Console.WriteLine("-> Creating p1");
MyPoint p1 = new MyPoint();
pl.x = 100;
pl.y = 100;
Console.WriteLine("-> Assigning p2 to p1\n");
MyPoint p2 = p1;
// Here is p1.
Console.WriteLine("p1.x = {0}", p1.x);
Console.WriteLine("p1.y = {0}", p1.y);
// Here is p2.
Console.WriteLine("p2.x = {0}", p2.x);
Console.WriteLine("p2.y = {0}", p2.y);
// Change p2.x. This will NOT change p1.x.
Console.WritelLine("-> Changing p2.x to 900");
p2.x = 900;
// Print again.
Console.WriteLine("-> Here are the X values again...");
Console.WriteLine("p1.x = {0}", p1.x);
Console.WriteLine("p2.x = {0}", p2.x);
Console.ReadLine();

}

Figure 3-12. Assignment of value types results in a verbatim copy of each field.

Here you have created a variable of type MyPoint (named p1) that is then assigned to another
MyPoint (p2). Because MyPoint is a value type, you have two copies of the MyPoint type on the stack,
each of which can be independently manipulated. Therefore, when you change the value of p2.x,
the value of p1.x is unaffected (just like the behavior seen in the previous integer example).

In stark contrast, reference types (classes) are allocated on the managed heap. These objects
stay in memory until the .NET garbage collector destroys them. By default, assignment of reference
types results in a new reference to the same object on the heap. To illustrate, let’s change the defini-
tion of the MyPoint type from a C# structure to a C# class:
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// Classes are always reference types.
class MyPoint // <= Now a class!

public int x, y;

If you were to run the test program once again, you would notice a change in behavior (see
Figure 3-13).

Figure 3-13. Assignment of reference types copies the reference.

In this case, you have two references pointing to the same object on the managed heap. There-
fore, when you change the value of x using the p2 reference, p1.x reports the same value.

Value Types Containing Reference Types

Now that you have a better feeling for the differences between value types and reference types, let’s
examine a more complex example. Assume you have the following reference (class) type that main-
tains an informational string that can be set using a custom constructor:

class ShapeInfo

{
public string infoString;
public ShapeInfo(string info)
{ infoString = info; }

}

Now assume that you want to contain a variable of this class type within a value type named
MyRectangle. To allow the outside world to set the value of the inner ShapeInfo, you also provide
a custom constructor (as explained in just a bit, the default constructor of a structure is reserved
and cannot be redefined):

struct MyRectangle

// The MyRectangle structure contains a reference type member.
public ShapeInfo rectInfo;

public int top, left, bottom, right;
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public MyRectangle(string info)

{
rectInfo = new ShapeInfo(info);
top = left = 10;
bottom = right = 100;

}

At this point, you have contained a reference type within a value type. The million-dollar ques-
tion now becomes, what happens if you assign one MyRectangle variable to another? Given what
you already know about value types, you would be correct in assuming that the integer data (which
is indeed a structure) should be an independent entity for each MyRectangle variable. But what
about the internal reference type? Will the object’s state be fully copied, or will the reference to that
object be copied? Ponder the following code and check out Figure 3-14 for the answer.

static void Main(string[] args)

{
// Create the first MyRectangle.
Console.WriteLine("-> Creating r1");
MyRectangle r1 = new MyRectangle("This is my first rect");
// Now assign a new MyRectangle to ri.
Console.WriteLine("-> Assigning r2 to r1");
MyRectangle r2;
12 = 11;
// Change values of r2.
Console.WritelLine("-> Changing all values of r2");
r2.rectInfo.infoString = "This is new info!";
12.bottom = 4444;
// Print values
Console.WritelLine("-> Values after change:");
Console.WritelLine("-> ri.rectInfo.infoString: {0}", ri.rectInfo.infoString);
Console.Writeline("-> r2.rectInfo.infoString: {0}", r2.rectInfo.infoString);
Console.WritelLine("-> ri.bottom: {0}", ri.bottom);
Console.WritelLine("-> r2.bottom: {0}", r2.bottom);
}

Figure 3-14. The internal references point to the same object!

As you can see, when you change the value of the informational string using the r2 reference, the
r1 reference displays the same value. By default, when a value type contains other reference types,
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assignment results in a copy of the references. In this way, you have two independent structures,
each of which contains a reference pointing to the same object in memory (i.e., a “shallow copy”).
When you want to perform a “deep copy,” where the state of internal references is fully copied into
anew object, you need to implement the ICloneable interface (as you will do in Chapter 7).

Source Code The ValAndRef project is located under the Chapter 3 subdirectory.

Passing Reference Types by Value

Reference types can obviously be passed as parameters to type members. However, passing an
object by reference is quite different from passing it by value. To understand the distinction, assume
you have a Person class, defined as follows:

class Person

{
public string fullName;

public byte age;
public Person(string n, byte a)

fullName = n;
age = a;

}

public Person(){}

public void PrintInfo()

{ Console.Writeline("{0} 1is {1} years old", fullName, age); }

Now, what if you create a method that allows the caller to send in the Person type by value (note
the lack of parameter modifiers):

public static void SendAPersonByValue(Person p)

{
// Change the age of 'p'?
p.age = 99;
// Will the caller see this reassignment?
p = new Person("Nikki", 999);
}

Notice how the SendAPersonByValue() method attempts to reassign the incoming Person refer-
ence to a new object as well as change some state data. Now let’s test this method using the following
Main() method:

static void Main(string[] args)

{
// Passing ref-types by value.
Console.WriteLine("***** Passing Person object by value *¥*¥*");
Person fred = new Person("Fred", 12);
Console.WritelLine("Before by value call, Person is:");
fred.PrintInfo();
SendAPersonByValue(fred);
Console.Writeline("After by value call, Person is:");
fred.PrintInfo();

}

Figure 3-15 shows the output of this call.
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Figure 3-15. Passing reference types by value locks the reference in place.

As you can see, the value of age has been modified. This behavior seems to fly in the face of what
it means to pass a parameter “by value.” Given that you were able to change the state of the incoming
Person, what was copied? The answer: a copy of the reference to the caller’s object. Therefore, as the
SendAPersonByValue() method is pointing to the same object as the caller, it is possible to alter the
object’s state data. What is not possible is to reassign what the reference is pointing to (slightly akin to
a constant pointer in C++).

Passing Reference Types by Reference

Now assume you have a SendAPersonByReference() method, which passes a reference type by refer-
ence (note the ref parameter modifier):

public static void SendAPersonByReference(ref Person p)

{
// Change some data of 'p'.
p.age = 555;
// 'p' is now pointing to a new object on the heap!
p = new Person("Nikki", 999);
}

As you might expect, this allows complete flexibility of how the callee is able to manipulate the
incoming parameter. Not only can the callee change the state of the object, but if it so chooses, it may
also reassign the reference to a new Person type. Now ponder the following usage:

static void Main(string[] args)
{
// Passing ref-types by ref.
Console.WritelLine("\n***¥* passing Person object by reference *¥¥xk");
Person mel = new Person("Mel", 23);
Console.WritelLine("Before by ref call, Person is:");
mel.PrintInfo();
SendAPersonByReference(ref mel);
Console.WritelLine("After by ref call, Person is:");
mel.PrintInfo();

Asyou can see from Figure 3-16, the type named Fred returns after the call as a type named Nikki.
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Figure 3-16. Passing reference types by reference allows the reference to be redirected.

The golden rule to keep in mind when passing reference types by reference is as follows:

 Ifareference type is passed by reference, the callee may change the values of the object’s state
data as well as the object it is referencing.

Source Code The RefTypeValTypeParams project is located under the Chapter 3 subdirectory.

Value and Reference Types: Final Details

To wrap up this topic, ponder the information in Table 3-8, which summarizes the core distinctions
between value types and reference types.

Table 3-8. Value Types and Reference Types Side by Side

Intriguing Question

Value Type

Reference Type

Where is this type allocated?
How is a variable represented?

What is the base type?

Can this type function as a
base to other types?

What is the default parameter
passing behavior?

Can this type override
System.Object.Finalize()?

Can I define constructors for
this type?

When do variables of this
type die?

Allocated on the stack.

Value type variables are local
copies.

Must derive from
System.ValueType.

No. Value types are always
sealed and cannot be
extended.

Variables are passed by value
(i.e., a copy of the variable is
passed into the called
function).

No. Value types are never
placed onto the heap and
therefore do not need to
be finalized.

Yes, but the default constru-
ctor is reserved (i.e., your
custom constructors must all
have arguments).

When they fall out of the
defining scope.

Allocated on the managed heap.

Reference type variables are
pointing to the memory occupied
by the allocated instance.

Can derive from any other type
(except System.ValueType), as long
as that type is not “sealed” (more
details on this in Chapter 4).

Yes. If the type is not sealed, it
may function as a base to other
types.

Variables are passed by reference
(e.g., the address of the

variable is passed into the called
function).

Yes, indirectly (more details
on this in Chapter 4).

But of course!

When the managed heap is
garbage collected.
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Despite their differences, value types and reference types both have the ability to implement
interfaces and may support any number of fields, methods, overloaded operators, constants, prop-
erties, and events.

Understanding Boxing and Unboxing Operations

Given that .NET defines two major categories of types (value based and reference based), you may
occasionally need to represent a variable of one category as a variable of the other category. C# pro-
vides a very simple mechanism, termed boxing, to convert a value type to a reference type. Assume
that you have created a variable of type short:

// Make a short value type.
short s = 25;

If, during the course of your application, you wish to represent this value type as a reference
type, you would “box” the value as follows:

// Box the value into an object reference.
object objShort = s;

Boxing can be formally defined as the process of explicitly converting a value type into a corre-
sponding reference type by storing the variable in a System.Object. When you box a value, the CLR
allocates a new object on the heap and copies the value type’s value (in this case, 25) into that instance.
What is returned to you is a reference to the newly allocated object. Using this technique, .NET
developers have no need to make use of a set of wrapper classes used to temporarily treat stack data
as heap-allocated objects.

The opposite operation is also permitted through unboxing. Unboxing is the process of converting
the value held in the object reference back into a corresponding value type on the stack. The unboxing
operation begins by verifying that the receiving data type is equivalent to the boxed type, and if so, it
copies the value back into a local stack-based variable. For example, the following unboxing operation
works successfully, given that the underlying type of the objShort is indeed a short (you'll examine the C#
casting operator in detail in the next chapter, so hold tight for now):

// Unbox the reference back into a corresponding short.
short anotherShort = (short)objShort;

Again, it is mandatory that you unbox into an appropriate data type. Thus, the following
unboxing logic generates an InvalidCastException exception (more details on exception handling
in Chapter 6):

// TIllegal unboxing.
static void Main(string[] args)

{
T

// The type contained in the box is NOT a int, but a short!
int i = (int)objShort;

catch(InvalidCastException e)
{

}

Console.WriteLine("00PS!\n{0} ", e.ToString());
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Some Practical (Un)Boxing Examples

So, you may be thinking, when would you really need to manually box (or unbox) a data type? The previ-
ous example was purely illustrative in nature, as there was no good reason to box (and then unbox) the
short data point. The truth of the matter is that you will seldom—if ever—need to manually box data
types. Much of the time, the C# compiler automatically boxes variables when appropriate. For example,
if you pass a value type into a method requiring an object parameter, boxing occurs behind the curtains.

class Program

static void Main(string[] args)

{
// Create an int (value type).
int myInt = 99;
// Because myInt is passed into a
// method prototyped to take an object,
// myInt is 'boxed' automatically.
UseThisObject(myInt);
Console.ReadLine();
}
static void UseThisObject(object o)
{
Console.Writeline("Value of o is: {0}", o);
}

Automatic boxing also occurs when working with the types of the .NET base class libraries. For
example, the System.Collections namespace (formally examined in Chapter 7) defines a class type
named ArrayList. Like most collection types, ArrayList provides members that allow you to insert,
obtain, and remove items:

public class System.Collections.Arraylist : object,
System.Collections.IList,
System.Collections.ICollection,
System.Collections.IEnumerable,

ICloneable
{
public virtual int Add(object value);
public virtual void Insert(int index, object value);
public virtual void Remove(object obj);
public virtual object this[int index] {get; set; }
}

As you can see, these members operate on generic System.0bject types. Given that everything
ultimately derives from this common base class, the following code is perfectly legal:

static void Main(string[] args)

{

Arraylist myInts = new Arraylist();
myInts.Add(88);

myInts.Add(3.33);
myInts.Add(false);
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However, given your understanding of value types and reference types, you might wonder exactly
what was placed into the ArraylList type. (References? Copies of references? Copies of structures?) Just
like with the previous UseThisObject () method, it should be clear that each of the System.Int32 data
types were indeed boxed before being placed into the ArraylList type. To retrieve an item from the
Arraylist type, you are required to unbox accordingly:

static void BoxAndUnboxInts()

{
// Box ints into Arraylist.
ArraylList myInts = new Arraylist();
myInts.Add(88);
myInts.Add(3.33);
myInts.Add(false);

// Unbox first item from Arraylist.
int firstItem = (int)myInts[o];
Console.WriteLine("First item is {0}", firstItem);

To be sure, boxing and unboxing types takes some processing time and, if used without restraint,
could hurt the performance of your application. However, with this .NET technique, you are able to
symmetrically operate on value-based and reference-based types.

Note Under C# 2.0, boxing and unboxing penalties can be eliminated using generics, which you'll examine in
Chapter 10.

Unboxing Custom Value Types

When you pass custom structures or enumerations into a method prototyped to take a System.0Object,
a boxing operation also occurs. However, once the incoming parameter has been received by the called
method, you will not be able to access any members of the struct (or enum) until you unbox the type.
Recall the MyPoint structure defined previously in this chapter:

struct MyPoint
{

}

public int x, y;

Assume you now send a MyPoint variable into a new method named UseBoxedMyPoint():

static void Main(string[] args)

{
MyPoint p;
p.x = 10;
p.y = 20;
UseBoxedMyPoint(p);
}

If you attempt to access the field data of MyPoint, you receive a compiler error, as the method
assumes you are operating on a strongly typed System.Object:

static void UseBoxedMyPoint(object o)

// Exror! System.Object does not have
// member variables named 'x' or 'y'.
Console.WriteLine("{0}, {1}", 0.x, 0.y);
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To access the field data of MyPoint, you must first unbox the parameter. As a sanity check, you
can leverage the C# is keyword to ensure the parameter is indeed a MyPoint variable. The is keyword
is further examined in Chapter 4; however, here is some example usage:

static void UseBoxedMyPoint(object o)

{
if (o is MyPoint)
MyPoint p = (MyPoint)o;
Console.WriteLine("{0}, {1}", p.x, p.y);
}
else
Console.WriteLine("You did not send a MyPoint.");
}

Source Gode The Boxing project is included under the Chapter 3 subdirectory.

Working with .NET Enumerations

In addition to structures, enumerations (or simply enums) are the other member of the .NET value
type category. When you build a program, it is often convenient to create a set of symbolic names for
underlying numerical values. For example, if you are creating an employee payroll system, you may
wish to use the constants Manager, Grunt, Contractor, and VP rather than simple numerical values such
as {0, 1, 2, 3}. C#supports the notion of custom enumerations for this very reason. For example,
here is the EmpType enumeration:

// A custom enumeration.
enum EmpType

Manager, /1l =0
Crunt, /l =1
Contractor, // =2
VP /1l =3

The EmpType enumeration defines four named constants corresponding to specific numerical
values. In C#, the numbering scheme sets the first element to zero (0) by default, followed by an n + 1
progression. You are free to change this behavior as you see fit:

// Begin numbering at 102.
enum EmpType
{

Manager = 102,

Grunt, // = 103
Contractor, // =104
VP // = 105

Enumerations do not necessarily need to follow a sequential order. If (for some reason) it made
good sense to establish your EmpType as follows, the compiler continues to be happy:

// Elements of an enumeration need not be sequential!
enum EmpType
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Manager = 10,

Grunt =1,
Contractor = 100,
VP =9

Under the hood, the storage type used for each item in an enumeration maps to a System.Int32
by default. You are also free to change this to your liking. For example, if you want to set the underlying
storage value of EmpType to be a byte rather than an int, you would write the following:

// This time, EmpType maps to an underlying byte.
enum EmpType : byte
{

Manager = 10,

Crunt = 1,
Contractor = 100,
VP =9

Note Ci# enumerations can be defined in a similar manner for any of the numerical types (byte, sbyte, short,
ushort, int, uint, long, or ulong). This can be helpful if you are programming for low-memory devices such as
Pocket PCs or .NET-enabled cellular phones.

Once you have established the range and storage type of your enumeration, you can use them in
place of so-called magic numbers. Assume you have a class defining a static function, taking EmpType
as the sole parameter:

static void AskForBonus(EmpType e)

switch(e)
{
case EmpType.Contractor:
Console.Writeline("You already get enough cash...");
break;

case EmpType.Grunt:
Console.Writeline("You have got to be kidding...");
break;
case EmpType.Manager:
Console.Writeline("How about stock options instead?");
break;
case EmpType.VP:
Console.WritelLine("VERY GOOD, Sir!");
break;
default: break;

This method can be invoked as so:

static void Main(string[] args)
{
// Make a contractor type.
EmpType fred;
fred = EmpType.Contractor;
AskForBonus(fred);
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Note The value of an enum must always be referenced by prefixing the enum name (e.g., EmpType. Grunt, not
simply Grunt).

The System.Enum Base Class

The interesting thing about .NET enumerations is that they implicitly derive from System.Enum. This
base class defines a number of methods that allow you to interrogate and transform a given enumer-
ation. Table 3-9 documents some items of interest, all of which are static.

Table 3-9. Select Static Members of System.Enum

Member Meaning in Life

Format() Converts a value of a specified enumerated type to its equivalent string
representation according to the specified format

GetName() Retrieves a name (or an array containing all names) for the constant in

GetNames () the specified enumeration that has the specified value

GetUnderlyingType() Returns the underlying data type used to hold the values for a given
enumeration

GetValues() Retrieves an array of the values of the constants in a specified
enumeration

IsDefined() Returns an indication of whether a constant with a specified value

exists in a specified enumeration

Parse() Converts the string representation of the name or numeric value of one
or more enumerated constants to an equivalent enumerated object

You can make use of the static Enum.Format() method and the same exact string formatting flags
examined earlier in the chapter during our examination of System.Console. For example, you may
extract the string name (by specifying G), the hexadecimal value (X), or numeric value (D, F, etc.) of
a given enum.

System.Enum also defines a static method named GetValues(). This method returns an instance of
System.Array (examined later in this chapter), with each item in the array corresponding to name/value
pairs of the specified enumeration. To illustrate these points, ponder the following:

static void Main(string[] args)

{

// Print information for the EmpType enumeration.
Array obj = Enum.GetValues(typeof(EmpType));
Console.WritelLine("This enum has {0} members.", obj.Length);

foreach(EmpType e in obj)
{
Console.Write("String name: {0},", e.ToString());

Console.Write(" int: ({0}),", Enum.Format(typeof(EmpType), e, "D"));
Console.Write(" hex: ({0})\n", Enum.Format(typeof(EmpType), e, "X"));

As you can guess, this code block prints out the name/value pairs (in decimal and hexadecimal)
for the EmpType enumeration.
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Next, let’s explore the IsDefined property. This property allows you to determine if a given string
name is a member of the current enumeration. For example, assume you wish to know if the value
SalesPerson is part of the EmpType enumeration. To do so, you must send it the type information of the
enumeration (which can be done via the C# typeof operator) and the string name of the value you wish
to query (type information will be examined in much greater detail in Chapter 12):

static void Main(string[] args)

{
// Does EmpType have a SalesPerson value?
if(Enum.IsDefined(typeof(EmpType), "SalesPerson"))
Console.WritelLine("Yep, we have sales people.");
else
Console.WriteLine("No, we have no profits...");
}

It is also possible to generate an enumeration set to the correct value from a string literal via
the static Enum.Parse() method. Given that Parse() returns a generic System.Object, you will need
to cast the return value into the correct enum type:

// Prints: "Sally is a Manager"
EmpType sally = (EmpType)Enum.Parse(typeof(EmpType), "Manager");
Console.WriteLine("Sally is a {0}", sally.ToString());

Last but not least, it is worth pointing out that C# enumerations support the use of various oper-
ators, which test against the assigned values, for example:

static void Main(string[] args)

{
// Which of these two EmpType variables has the greatest numerical value?
EmpType Joe = EmpType.VP;
EmpType Fran = EmpType.Grunt;
if(Joe < Fran)
Console.WriteLine("Joe's value is less than Fran's value.");
else
Console.WriteLine("Fran's value is less than Joe's value.");
}

Source Code The Enums project is located under the Chapter 3 subdirectory.

The Master Class: System.Object

Tip The following examination of System.Object requires you to understand the concept of virtual methods
and method overriding. If you are new to the world of O0OP, you may wish to reread this section once you complete
Chapter 4.

In .NET, every type is ultimately derived from a common base class: System.0Object. The Object class
defines a common set of members supported by every type in the .NET universe. When you create
a class that does not explicitly specify its base class, you implicitly derive from System.0Object:
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// Implicitly deriving from System.Object.
class HelloClass

{...}

If you wish to be more clear with your intension, the C# colon operator (:) allows you to explicitly
specify a type’s base class (such as System.0Object):

// In both cases we are explicitly deriving from System.Object.
class ShapeInfo : System.Object

{...}
class ShapeInfo : object
{...}

System.Object defines a set of instance-level and class-level (static) members. Note that some of
the instance-level members are declared using the virtual keyword and can therefore be overridden
by a derived class:

// The topmost class in the .NET universe: System.Object
namespace System

public class Object
{
public Object();
public virtual Boolean Equals(Object obj);
public virtual Int32 GetHashCode();
public Type GetType();
public virtual String ToString();
protected virtual void Finalize();
protected Object MemberwiseClone();
public static bool Equals(object objA, object objB);
public static bool ReferenceEquals(object objA, object objB);

Table 3-10 offers a rundown of the functionality provided by each instance-level method.

Table 3-10. Core Members of System.0Object

Instance Method of Object Class Meaning in Life

Equals() By default, this method returns true only if the items being
compared refer to the exact same item in memory. Thus, Equals()
is used to compare object references, not the state of the object.
Typically, this method is overridden to return true only if the
objects being compared have the same internal state values
(that is, value-based semantics).

Be aware that if you override Equals(), you should also
override GetHashCode().

GetHashCode() This method returns an integer that identifies a specific object
in memory.
If you intend your custom types to be contained in
a System.Collections.Hashtable type, you are well-advised to
override the default implementation of this member.

GetType() This method returns a System. Type object that fully describes
the details of the current item. In short, this is a Runtime Type
Identification (RTTI) method available to all objects (this is
discussed in greater detail in Chapter 12).

Continued
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Table 3-10. (Continued )

Instance Method of Object Class Meaning in Life

ToString() This method returns a string representation of a given object,
using the namespace. typename format (i.e., fully qualified name).
If the type has not been defined within a namespace, typename
alone is returned. This method can be overridden by a subclass
to return a tokenized string of name/value pairs that represent
the object’s internal state, rather than its fully qualified name.

Finalize() For the time being, you can understand that this protected
method (when overridden) is invoked by the .NET runtime
when an object is to be removed from the heap. We investigate
the garbage collection process in Chapter 5.

MemberwiseClone() This protected method exists to return a new object that is
a member-by-member copy of the current object. Thus, if your
object contains references to other objects, the references to
these types are copied (i.e., it achieves a shallow copy). If the
object contains value types, full copies of the values are
achieved.

The Default Behavior of System.Object

To illustrate some of the default behavior provided by the System.0Object base class, assume a class
named Person defined in a custom namespace named ObjectMethods:

// The 'namespace' keyword is fully examined at the end of this chapter.
namespace ObjectMethods

class Person

{

public Person(string fname, string lname, string s, byte a)

firstName = fname;
lastName = lname;
SSN = s;
age = a;

}
public Person(){}

// The state of a person.
public string firstName;
public string lastName;
public string SSN;

public byte age;

Now, within our Main() method, we make use of the Person type as so:

static void Main(string[] args)

{

Console.WriteLine("***** Working with Object ****¥\n");

Person fred = new Person("Fred", "Clark", "111-11-1111", 20);
Console.WriteLine("-> fred.ToString: {0}", fred.ToString());
Console.WritelLine("-> fred.GetHashCode: {0}", fred.GetHashCode());
Console.Writeline("-> fred's base class: {0}", fred.CetType().BaseType);
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// Make some other references to 'fred'.
Person p2 = fred;
object o = p2;

// Are all 3 instances pointing to the same object in memory?
if(o.Equals(fred) && p2.Equals(o))

Console.WriteLine("fred, p2 and o are referencing the same object!");
Console.ReadLine();

Figure 3-17 shows a test run.

Figure 3-17. Default implementation of select System.Object members

First, notice how the default implementation of ToString() simply returns the fully qualified
name of the type (e.g., namespace. typename). GetType() retrieves a System. Type object, which defines
a property named BaseType (as you can guess, this will identify the fully qualified name of the type’s
base class).

Now, reexamine the code that leverages the Equals () method. Here, a new Person object is placed
on the managed heap, and the reference to this object is stored in the fred reference variable. p2 is also
of type Person, however, you are not creating a new instance of the Person class, but assigning p2 to fred.
Therefore, fred and p2 are both pointing to the same object in memory, as is the variable o (of type object,
which was thrown in for good measure). Given that fred, p2, and o all point to the same object in
memory, the equality test succeeds.

Overriding Some Default Behaviors of
System.Object

Although the canned behavior of System.0Object can fit the bill in most cases, it is quite common for
your custom types to override some of these inherited methods. Chapter 4 provides a complete
examination of OOP under C#, but in a nutshell, overriding is the process of redefining the behavior
of an inherited virtual member in a derived class. As you have just seen, System.0Object defines
anumber of virtual methods (such as ToString() and Equals()) that do define a canned implemen-
tation. However, if you want to build a custom implementation of these virtual members for a derived
type, you make use of the C# override keyword.
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Overriding System.Object.ToString()

Overriding the ToString() method provides a way to quickly gain a snapshot of an object’s current
state. As you might guess, this can be helpful during the debugging process. To illustrate, let’s override
System.Object.ToString() to return a textual representation of a person’s state (note we are using
a new namespace named System. Text):

// Need to reference System.Text to access StringBuilder type.
using System;
using System.Text;

class Person

{
// Overriding System.Object.ToString().
public override string ToString()
{
StringBuilder sb = new StringBuilder();
sb.AppendFormat (" [FirstName={0};", this.firstName);
sb.AppendFormat(" LastName={0};", this.lastName);
sb.AppendFormat(" SSN={0};", this.SSN);
sb.AppendFormat(" Age={0}]", this.age);
return sb.ToString();
}
}

How you format the string returned from System.Object.ToString() is largely a matter of personal
choice. In this example, the name/value pairs have been contained within square brackets, with each
pair separated by a semicolon (a common technique within the .NET base class libraries).

Also notice that this example makes use of a new type, System.Text.StringBuilder (which is also
a matter of personal choice). This type is described in greater detail later in the chapter. The short
answer, however, is that StringBuilder is a more efficient alternative to C# string concatenation.

Overriding System.Object.Equals()

Let’s also override the behavior of System.0Object.Equals() to work with value-based semantics.
Recall that by default, Equals() returns true only if the two references being compared are pointing
to the same object on the heap. In many cases, however, you don’t necessary care if two references
are pointing to the same object in memory, but you are more interested if the two objects have the
same state data (name, SSN, and age in the case of a Person):

public override bool Equals(object o)
{
// Make sure the caller sent a valid
// Person object before proceeding.
if (o != null 8 o is Person)
{
// Now see if the incoming Person
// has the exact same information as
// the current object (this).
Person temp = (Person)o;
if (temp.firstName == this.firstName &&
temp.lastName == this.lastName &&
temp.SSN == this.SSN &&
temp.age == this.age)
return true;
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return false; // Not the same!

Here you are first verifying the caller did indeed pass in a Person object to the Equals() method
using the C# is keyword. After this point, you go about examining the values of the incoming param-
eter against the values of the current object’s field data (note the use of the this keyword, which refers
to the current object).

The prototype of System.Object.Equals() takes a single argument of type object. Thus, you are
required to perform an explicit cast within the Equals () method to access the members of the Person
type. If the name, SSN, and age of each are identical, you have two objects with the same state data
and therefore return true. If any point of data is not identical, you return false.

If you override System.Object.ToString() for a given class, you can take a very simple shortcut
when overriding System.Object.Equals(). Given that the value returned from ToString() should take
into account all of the member variables of the current class (and possible data declared in base classes),
Equals() can simply compare the values of the string types:

public override bool Equals(object o)

{
if (o != null 8& o is Person)
{
Person temp = (Person)o;
if (this.ToString() == o.ToString())
return true;
else
return false;
}
return false;
}

Now, for the sake of argument, assume you have a type named Car, and attempt to pass in a Car
instance to the Person.Equals() method as so:

// Cars are not people!
Car ¢ = new Car();
Person p = new Person();
p.Equals(c);

Given your runtime check for a true-blue Person object (via the is operator) the Equals() method
returns false. Now consider the following invocation:

// Oops!
Person p = new Person();
p.Equals(null);

This would also be safe, given your check for an incoming null reference.

Overriding System.Object.GetHashCode()

When a class overrides the Equals() method, best practices dictate that you should also override
System.Object.GetHashCode(). If you fail to do so, you are issued a compiler warning. The role of
GetHashCode() is to return a numerical value that identifies an object based on its internal state
data. Thus, if you have two Person objects that have an identical first name, last name, SSN, and age,
you should obtain the same hash code.

By and large, overriding this method is only useful if you intend to store a custom type within
a hash-based collection such as System.Collections.Hashtable. Under the hood, the Hashtable type
calls the Equals() and GetHashCode() members of the contained types to determine the correct object
to return to the caller. Due to the fact that System.Object has no clue about the state data of derived
types, you should override this member for any type you wish to store in a Hashtable.
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There are many algorithms that can be used to create a hash code—some fancy, others not so
fancy. As mentioned, an object’s hash value will be based on its state data. As luck would have it, the
System.String class has a very solid implementation of GetHashCode () that is based on the string’s
character data. Therefore, if you can identify a string field that should be unique among objects
(such as the Person’s SSN field), you can simply call GetHashCode() on the field’s string representation:

// Return a hash code based on the person's SSN.
public override int GetHashCode()

{
}

return SSN.GetHashCode();

If you cannot identify a single point of data in your class, but have overridden ToString(), you
can simply return the hash code of the string returned from your custom ToString() implementation:

// Return a hash code based our custom ToString().
public override int GetHashCode()

{
}

return ToString().GetHashCode();

Testing the Overridden Members

You can now test your updated Person class. Add the following code to your Main() method and check
out Figure 3-18 for output:

static void Main(string[] args)

{
// NOTE: We want these to be identical for testing purposes.
Person p3 = new Person("Fred", "Jones", "222-22-2222", 98);
Person p4 = new Person("Fred", "Jones", "222-22-2222", 98);

// Should have same hash code and string at this point.
Console.Writeline("-> Hash code of p3 = {0}", p3.GetHashCode());
Console.WritelLine("-> Hash code of p4 = {0}", p4.GetHashCode());
Console.WriteLine("-> String of p3 = {0}", p3.ToString());
Console.WriteLine("-> String of p4 = {0}", p4.ToString());

// Should be equal at this point.
if (p3.Equals(p4))
Console.WriteLine("-> P3 and p4 have same state!");
else
Console.WriteLine("-> P3 and p4 have different state!");

// Change age of p4.
Console.WriteLine("\n-> Changing the age of p4\n");
p4.age = 2;

// No longer equal, different hash values and string data.
Console.Writeline("-> String of p3 = {0}", p3.ToString());
Console.WriteLine("-> String of p4 = {0}", p4.ToString());
Console.Writeline("-> Hash code of p3 = {0}", p3.GetHashCode());
Console.Writeline("-> Hash code of p4 = {0}", p4.GetHashCode());
if (p3.Equals(pa))

Console.WriteLine("-> P3 and p4 have same state!");
else

Console.WritelLine("-> P3 and p4 have different state!");
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Figure 3-18. Overridden System.0bject members in action

Static Members of System.Object

To wrap up our examination of this supreme base class of .NET, it is worth pointing out that System.
Object does define two static members (Object.Equals() and Object.ReferenceEquals()) that test
for value-based or reference-based equality. Consider the following code:

static void Main(string[] args)

{
// Assume two identically configured objects.
Person p3 = new Person("Fred", "Jones", "222-22-2222", 98);
Person p4 = new Person("Fred", "Jones", "222-22-2222", 98);
// Do p3 and p4 have the same state? TRUE!
Console.WriteLine("Do P3 and p4 have same state: {0} ", object.Equals(p3, p4));
// Are they the same object in memory? FALSE!
Console.Writeline("Are P3 and p4 are pointing to same object: {o} ",
object.ReferenceEquals(p3, p4));
}

Source Code The ObjectMethods project is located under the Chapter 3 subdirectory.

The System Data Types (and C# Shorthand
Notation)

As you may have begun to notice, every intrinsic C# data type is actually a shorthand notation for
defining an existing type defined in the System namespace. Table 3-11 lists each system data type,
its range, the corresponding C# alias, and the type’s compliance with the Common Language
Specification (CLS).
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Table 3-11. System Types and C# Shorthand

C# CLS
Shorthand  Compliant?  System Type Range Meaning in Life
sbyte No System.SByte -128 to 127 Signed 8-bit number
byte Yes System.Byte 0to 255 Unsigned 8-bit
number
short Yes System.Int16 -32,768 to 32,767 Signed 16-bit number
ushort No System.UInt16 0 to 65,535 Unsigned 16-bit
number
int Yes System.Int32 -2,147,483,648 to Signed 32-bit number
2,147,483,647
uint No System.UInt32 0 to 4,294,967,295 Unsigned 32-bit
number
long Yes System.Int64 -9,223,372,036,854,775,808 Signed 64-bit number
t09,223,372,036,854,775,807
ulong No System.UInt64 0to Unsigned 64-bit
18,446,744,073,709,551,615 number
char Yes System.Char U0000 to Uftff A single 16-bit
Unicode character
float Yes System.Single 1.5x10 to 3.4x10%® 32-bit floating point
number
double Yes System.Double 5.0x1073% to 1.7x10308 64-bit floating point
number
bool Yes System.Boolean  trueor false Represents truth or
falsity
decimal Yes System.Decimal  10°to 10% A 96-bit signed
number
string Yes System.String Limited by system memory  Represents a set of
Unicode characters
object Yes System.Object Any type can be stored The base class of all

in an object variable

types in the NET
universe

Note By default, a real numeric literal on the right-hand side of the assignment operator is treated as double.
Therefore, to initialize a float variable, use the suffix f or F (5.3F).

It is very interesting to note that even the primitive .NET data types are arranged in a class hierar-
chy. The relationship between these core system types (as well as some other soon-to-be-discovered
types) can be represented as shown in Figure 3-19.
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Figure 3-19. The hierarchy of System types

As you can see, each of these types ultimately derives from System.Object. Because data types such
as int are simply shorthand notations for the corresponding system type (in this case, System.Int32), the

following is perfectly legal syntax:

// Remember! A C# int is really a shorthand for System.Int32.
Console.WritelLine(12.GetHashCode());

Console.Writeline(12.Equals(23));
Console.WriteLine(12.ToString());

Console.WritelLine(12); // ToString() called automatically.
Console.WriteLine(12.GetType().BaseType);

Furthermore, given that all value types are provided with a default constructor, it is permissible
to create a system type using the new keyword, which sets the variable to its default value. Although
it is more cumbersome to use the new keyword when creating a System data type, the following is

syntactically well-formed C#:
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// These statements are identical.
bool b1 = new bool(); // b1 = false.
bool b2 = false;

On a related note, you could also create a system data type using the fully qualified name:

// These statements are also semantically identical.
System.Bool b1l = new System.Bool(); // b1 = false.
System.Bool sb2 = false;

Experimenting with Numerical Data Types

The numerical types of .NET support MaxValue and MinValue properties that provide informa-
tion regarding the range a given type can store. Assume you have created some variables of type
System.UInt16 (an unsigned short) and exercised it as follows:

static void Main(string[] args)

{
System.UInt16 myUInt16 = 30000;
Console.WritelLine("Max for an UInti6 is: {0} ", UInti6.MaxValue);
Console.WriteLine("Min for an UInti6 is: {0} ", UInti6.MinValue);
Console.Writeline("Value is: {0} ", myUInt16);
Console.WritelLine("I am a: {0} ", myUInt16.GetType());
// Now in System.UInt16 shorthand (e.g., a ushort).
ushort myOtherUInt16 = 12000;
Console.WritelLine("Max for an UInti6 is: {0} ", ushort.MaxValue);
Console.WriteLine("Min for an UInt16 is: {0} ", ushort.MinValue);
Console.Writeline("Value is: {0} ", myOtherUInt16);
Console.WritelLine("I am a: {0} ", myOtherUInt16.GetType());
Console.ReadlLine();

}

In addition to the MinValue/MaxValue properties, a given system type may define further use-
ful members. For example, the System.Double type allows you to obtain the values for Epsilon and
infinity values:

Console.WritelLine("-> double.Epsilon: {0}", double.Epsilon);
Console.Writeline("-> double.PositiveInfinity: {0}", double.PositiveInfinity);
Console.Writeline("-> double.NegativeInfinity: {0}", double.NegativeInfinity);
Console.WriteLine("-> double.MaxValue: {0}", double.MaxValue);
Console.WriteLine("-> double.MinValue: {0}",double.MinValue);

Members of System.Boolean

Next, consider the System.Boolean data type. Unlike C(++), the only valid assignment a C# bool can
take is from the set {true | false}.You cannot assign makeshift values (e.g., -1, 0, 1) to a C# bool,
which (to most programmers) is a welcome change. Given this point, it should be clear that

System.Boolean does not support a MinValue/MaxValue property set, but rather TrueString/FalseString:

// No more ad hoc Boolean types in Cit!

bool b = 0; // Illegal!

bool b2 = -1; // Also illegal!

bool b3 = true; // No problem.

bool b4 = false; // No problem.

Console.WriteLine("-> bool.FalseString: {0}", bool.FalseString);
Console.WriteLine("-> bool.TrueString: {0}", bool.TrueString);
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Members of System.Char

C# textual data is represented by the intrinsic C# string and char data types. All .NET-aware languages
map textual data to the same underlying types (System.String and System.Char), both of which are
Unicode under the hood.

The System.Char type provides you with a great deal of functionality beyond the ability to hold
a single point of character data (which must be placed between single quotes). Using the static meth-
ods of System.Char, you are able to determine if a given character is numerical, alphabetical, a point
of punctuation, or whatnot. To illustrate, check out the following:

static void Main(string[] args)

{
// Test the truth of the following statements...
Console.Writeline("-> char.IsDigit('K'): {0}", char.IsDigit('K"));
Console.WritelLine("-> char.IsDigit('9'): {0}", char.IsDigit('9"));
Console.Writeline("-> char.Isletter('10', 1): {0}", char.IsLetter("10", 1));
Console.Writeline("-> char.IslLetter('p'): {0}", char.IsLetter('p'));
Console.WritelLine("-> char.IsWhiteSpace('Hello There', 5): {0}",
char.IsWhiteSpace("Hello There", 5));
Console.Writeline("-> char.IsWhiteSpace('Hello There', 6): {0}",
char.IsWhiteSpace("Hello There", 6));
Console.WritelLine("-> char.IsLetterOxDigit('?"): {o}",
char.IsletterOrDigit('?"));
Console.WriteLine("-> char.IsPunctuation('!'): {o}",
char.IsPunctuation('!"));
Console.WritelLine("-> char.IsPunctuation('>"'): {0}",
char.IsPunctuation('>"));
Console.Writeline("-> char.IsPunctuation(',"'): {o}",
char.IsPunctuation(',"));
}

As you can see, each of these static members of System.Char has two calling conventions: a single
character or a string with a numerical index that specified the position of the character to test.

Parsing Values from String Data

Also understand that the .NET data types provide the ability to generate a variable of their underlying
type given a textual equivalent (e.g., parsing). This technique can be extremely helpful when you
wish to convert a bit of user input data (such as a selection from a drop-down list) into a numerical
value. Ponder the following parsing logic:

static void Main(string[] args)

{

bool myBool = bool.Parse("True");

Console.Writeline("-> Value of myBool: {0}", myBool);
double myDbl = double.Parse("99.884");
Console.WritelLine("-> Value of myDbl: {0}", myDbl);

int myInt = int.Parse("8");

Console.WriteLine("-> Value of myInt: {0}", myInt);
char myChar = char.Parse("w");

Console.WriteLine("-> Value of myChar: {0}\n", myChar);

121



122

CHAPTER 3 ' C# LANGUAGE FUNDAMENTALS

System.DateTime and System.TimeSpan

To wrap up our examination of core data types, allow me to point out the fact that the System name-
space defines a few useful data types for which there is no C# keyword—specifically, the DateTime
and TimeSpan structures (I'll leave the investigation of System.Guid and System.Void, as shown in
Figure 3-19, to interested readers).

The DateTime type contains data that represents a specific date (month, day, year) and time value,
both of which may be formatted in a variety of ways using the supplied members. By way of a simple
example, ponder the following statements:

static void Main(string[] args)

{

// This constructor takes (year, month, day)
DateTime dt = new DateTime(2004, 10, 17);

// What day of the month is this?

Console.WritelLine("The day of {0} is {1}", dt.Date, dt.DayOflWeek);
dt.AddMonths(2); // Month is now December.
Console.WritelLine("Daylight savings: {0}", dt.IsDaylightSavingTime());

The TimeSpan structure allows you to easily define and transform units of time using various
members, for example:

static void Main(string[] args)

{
// This constructor takes (hours, minutes, seconds)
TimeSpan ts = new TimeSpan(4, 30, 0);
Console.Writeline(ts);
// Subtract 15 minutes from the current TimeSpan and
// print the result.
Console.Writeline(ts.Subtract(new TimeSpan(0, 15, 0)));
}

Figure 3-20 shows the output of the DateTime and TimeSpan statements.

Figure 3-20. Working with DateTime and TimeSpan



CHAPTER 3 ' C# LANGUAGE FUNDAMENTALS

Source Code The DataTypes project is located under the Chapter 3 subdirectory.

The System.String Data Type

The C# string keyword is a shorthand notation of the System.String type, which provides a number
of members you would expect from such a utility class. Table 3-12 lists some (but not all) of the inter-

esting members.

Table 3-12. Select Members of System.String

Member Meaning in Life

Length This property returns the length of the current string.

Contains() This method is used to determine if the current string object contains
a specified string.

Format() This static method is used to format a string literal using other primitives
(i.e., numerical data and other strings) and the {0} notation examined earlier
in this chapter.

Insert() This method is used to receive a copy of the current string that contains
newly inserted string data.

PadLeft() These methods return copies of the current string that has been padded

PadRight() with specific data.

Remove () Use these methods to receive a copy of a string, with modifications

Replace() (characters removed or replaced).

Substring() This method returns a string that represents a substring of the current string.

ToCharArray() This method returns a character array representing the current string.

ToUpper () These methods create a copy of a given string in uppercase or lowercase.

ToLower ()

Basic String Operations

To illustrate some basic string operations, consider the following Main() method:

static void Main(string[] args)

{

Console.WriteLine("***** Fun with Strings *tk*");

string s

Console
Console
Console
Console
Console

"Boy, this is taking a long time.";

WriteLine("--> s contains 'oy'?: {0}", s.Contains("oy"));
WritelLine("--> s contains 'Boy'?: {0}", s.Contains("Boy"));
.WriteLine(s.Replace('.", "!"));

.WriteLine(s.Insert(0, "Boy 0' "));

.Readline();

Here, we are creating a string type invoking the Contains(), Replace(), and Insert() methods.
Figure 3-21 shows the output.
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Figure 3-21. Basic string operations

You should be aware that although string is a reference type, the equality operators (== and !=)
are defined to compare the value with the string objects, not the memory to which they refer. There-
fore, the following comparison evaluates to true:

string s1 = "Hello ";
string s2 = "Hello ";
Console.WriteLine("s1 == s2: {0}", s1 == s2);

whereas this comparison evaluates to false:
string s1 = "Hello ";

string s2 = "World!";
Console.WriteLine("s1 == s2: {0}", s1 == s2);

When you wish to concatenate existing strings into a new string that is the sum of all its parts,
C# provides the + operator as well as the static String.Concat() method. Given this, the following
statements are functionally equivalent:

// Concatenation of strings.

string newString = s + s1 + s2;

Console.WriteLine("s + s1 + s2 = {0}", newString);
Console.WriteLine("string.Concat(s, s1, s2) = {0}", string.Concat(s, si, s2));

Another helpful feature of the string type is the ability to iterate over each individual character
using an arraylike syntax. Formally speaking, objects that support arraylike access to their contents
make use of an indexer method. You'll learn how to build indexers in Chapter 9; however, to illustrate
the concept, the following code prints each character of the s1 string object to the console:

// System.String also defines an indexer to access each

// character in the string.

for (int k = 0; k < si.Length; k++)
Console.WriteLine("Char {0} is {1}", k, si[k]);

As an alternative to interacting with the type’s indexer, the string class can also be used within
the C# foreach construct. Given that System.String is maintaining an array of individual System.Char
types, the following code also prints each character of s1 to the console:

foreach(char ¢ in s1)
Console.WriteLine(c);

Escape Characters

Like in other C-based languages, in C# string literals may contain various escape characters, which
qualify how the character data should be printed to the output stream. Each escape character begins
with a backslash, followed by a specific token. In case you are a bit rusty on the meanings behind
these escape characters, Table 3-13 lists the more common options.
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Table 3-13. String Literal Escape Characters

Character Meaning in Life

\' Inserts a single quote into a string literal.

\" Inserts a double quote into a string literal.

\\ Inserts a backslash into a string literal. This can be quite helpful when
defining file paths.

\a Triggers a system alert (beep). For console applications, this can be an audio
clue to the user.

\n Inserts a new line (on Win32 platforms).

\r Inserts a carriage return.

\t Inserts a horizontal tab into the string literal.

For example, to print a string that contains a tab between each word, you can make use of the
\t escape character:

// Literal strings may contain any number of escape characters.
string s3 = "Hello\tThere\tAgain";
Console.Writeline(s3);

As another example, assume you wish to create a string literal that contains quotation marks,
another that defines a directory path, and a final string literal that inserts three blank lines after
printing the character data. To do so without compiler errors, you would need to make use of the \",
\\, and \n escape characters:

Console.WriteLine("Everyone loves \"Hello World\"");
Console.WritelLine("C:\\MyApp\\bin\\debug");
Console.WritelLine("All finished.\n\n\n");

Working with C# Verbatim Strings

C# introduces the @-prefixed string literal notation termed a verbatim string. Using verbatim strings,
you disable the processing of a literal’s escape characters. This can be most useful when working
with strings representing directory and network paths. Therefore, rather than making use of \\ escape
characters, you can simply write the following:

// The following string is printed verbatim
// thus, all escape characters are displayed.
Console.WriteLine(@"C:\MyApp\bin\debug");

Also note that verbatim strings can be used to preserve white space for strings that flow over
multiple lines:

// White space is preserved with verbatim strings.
string mylLongString = @"This is a very
very
very
long string";
Console.WriteLine(myLongString);

You can also insert a double quote into a literal string by doubling the " token, for example:

Console.WriteLine(@"Cerebus said ""Darrr! Pret-ty sun-sets""");
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The Role of System.Text.StringBuilder

While the string type is perfect when you wish to represent basic string variables (first name, SSN, etc.),
it can be inefficient if you are building a program that makes heavy use of textual data. The reason has
to do with a very important fact regarding .NET strings: the value of a string cannot be modified once
established. C# strings are immutable.

On the surface, this sounds like a flat-out lie, given that we are always assigning new values to
string variables. However, if you examine the methods of System.String, you notice that the methods
that seem to internally modify a string in fact return a modified copy of the original string. For exam-
ple, when you call ToUpper () on a string object, you are not modifying the underlying buffer of an
existing string object, but receive a new string object in uppercase form:

static void Main(string[] args)

{

// Make changes to strFixed? Nope!

System.String strFixed = "This is how I began life";
Console.WritelLine(strFixed);

string upperVersion = strFixed.ToUpper();
Console.Writeline(strFixed);
Console.WritelLine("{0}\n\n", upperVersion);

In a similar vein, when you assign an existing string object to a new value, you have actually
allocated a new string in the process (the original string object will eventually be garbage collected).
A similar process occurs with string concatenation.

To help reduce the amount of string copying, the System.Text namespace defines a class named
StringBuilder (first seen during our examination of System.0Object earlier in this chapter). Unlike
System.String, StringBuilder provides you direct access to the underlying buffer. Like System.String,
StringBuilder provides numerous members that allow you to append, format, insert, and remove
data from the object (consult the .NET Framework 2.0 SDK documentation for full details).

When you create a StringBuilder object, you may specify (via a constructor argument) the initial
number of characters the object can contain. If you do not do so, the default capacity of a StringBuilder
is 16. In either case, if you add more character data to a StringBuilder than it is able to hold, the buffer is
resized on the fly.

Here is an example of working with this class type:
using System;
using System.Text; // StringBuilder lives here.

class StringApp

{
static void Main(string[] args)
{
StringBuilder myBuffer = new StringBuilder("My string data");
Console.WriteLine("Capacity of this StringBuilder: {o}",
myBuffer.Capacity);
myBuffer.Append(" contains some numerical data: ");
myBuffer.AppendFormat("{0}, {1}.", 44, 99);
Console.WriteLine("Capacity of this StringBuilder: {o}",
myBuffer.Capacity);
Console.WriteLine(myBuffer);
}
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Now, do understand that in many cases, System.String will be your textual object of choice. For
most applications, the overhead associated with returning modified copies of character data will be
negligible. However, if you are building a text-intensive application (such as a word processor program),
you will most likely find that using System.Text.StringBuilder improves performance.

Source Code The Strings project is located under the Chapter 3 subdirectory.

.NET Array Types

Formally speaking, an array is a collection of data points, of the same defined data type, that are
accessed using a numerical index. Arrays are references types and derive from a common base class
named System.Array. By default, .NET arrays always have a lower bound of zero, although it is pos-
sible to create an array with an arbitrary lower bound using the static
System.Array.CreateInstance() method.

C# arrays can be declared in a handful of ways. First of all, if you are creating an array whose
values will be specified at a later time (perhaps due to yet-to-be-obtained user input), specify the
size of the array using square brackets ([ ]) at the time of its allocation, for example:

// Assign a string array containing 3 elements {0 - 2}
string[] booksOnCOM;
booksOnCOM = new string[3];

// Initialize a 100 item string array, numbered {0 - 99}
string[] booksOnDotNet = new string[100];

Once you have declared an array, you can make use of the indexer syntax to fill each item with
avalue:

// Create, populate, and print an array of three strings.
string[] booksOnCOM;

booksOnCOM = new string[3];
booksOnCOM[0] = "Developer's Workshop to COM and ATL 3.0";
booksOnCOM[1] = "Inside COM";

booksOnCOM[2] = "Inside ATL";
foreach (string s in booksOnCOM)
Console.WriteLine(s);

As a shorthand notation, if you know an array’s values at the time of declaration, you may specify
these values within curly brackets. Note that in this case, the array size is optional (as it is calculated
on the fly), as is the new keyword. Thus, the following declarations are identical:

// Shorthand array declaration (values must be known at time of declaration).
int[] n = new int[] { 20, 22, 23, 0 };
int[] n3 = { 20, 22, 23, 0 };

There is one final manner in which you can create an array type:
int[] n2 = new int[4] { 20, 22, 23, 0 }; // 4 elements, {0 - 3}

In this case, the numeric value specified represents the number of elements in the array, not the
value of the upper bound. If there is a mismatch between the declared size and the number of initial-
izers, you are issued a compile time error.

Regardless of how you declare an array, be aware that the elements in a .NET array are automati-
cally set to their respective default values until you indicate otherwise. Thus, if you have an array of
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numerical types, each member is set to 0 (or 0.0 in the case of floating-point numbers), objects are set
to null, and Boolean types are set to false.

Arrays As Parameters (and Return Values)

Once you have created an array, you are free to pass it as a parameter and receive it as a member return
value. For example, the following PrintArray () method takes an incoming array of strings and prints
each member to the console, while the GetStringArray() method populates an array and returns it to
the caller:

static void PrintArray(int[] myInts)

for(int i = 0; 1 < myInts.Length; i++)
Console.Writeline("Item {0} is {1}", i, myInts[i]);
}

static string[] GetStringArray()

string[] theStrings = { "Hello", "from", "GetStringArray" };
return theStrings;

These methods may be invoked from a Main() method as so:

static void Main(string[] args)

{
int[] ages = {20, 22, 23, 0} ;
PrintArray(ages);
string[] strs = GetStringArray();
foreach(string s in strs)

Console.WriteLine(s);

Console.ReadLine();

Working with Multidimensional Arrays

In addition to the single-dimension arrays you have seen thus far, C# also supports two varieties of
multidimensional arrays. The first of these is termed a rectangular array, which is simply an array of
multiple dimensions, where each row is of the same length. To declare and fill a multidimensional
rectangular array, proceed as follows:

static void Main(string[] args)

{

// A rectangular MD array.
int[,] myMatrix;
myMatrix = new int[6,6];

// Populate (6 * 6) array.

for(int i = 0; i < 6; i++)
for(int j = 0; j < 6; j++)
myMatrix[i, j] =1 * j;

// Print (6 * 6) array.
for(int i = 0; i < 6; i++)



CHAPTER 3 ' C# LANGUAGE FUNDAMENTALS

{
for(int j = 0; j < 6; j++)
Console.Write(myMatrix[i, j] + "\t");
Console.Writeline();
}

Figure 3-22 shows the output (note the rectangular nature of the array).

Figure 3-22. A multidimensional array

The second type of multidimensional array is termed a jagged array. As the name implies,
jagged arrays contain some number of inner arrays, each of which may have a unique upper limit,
for example:

static void Main(string[] args)

{

// A jagged MD array (i.e., an array of arrays).
// Here we have an array of 5 different arrays.
int[][] myJagArray = new int[5][];

// Create the jagged array.
for (int i = 0; i < myJagArray.Length; i++)
myJagArray[i] = new int[i + 7];

// Print each row (remember, each element is defaulted to zero!)
for(int i = 0; 1 < 5; i++)

Console.Write("Length of row {0} is {1} :\t", i, myJagArray[i].Length);

for(int j = 0; j < myJagArray[i].Length; j++)
Console.Write(myJagArray[i][j] + " ");

Console.WriteLine();

Figure 3-23 shows the output (note the jaggedness of the array).
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Figure 3-23. A jagged array

Now that you understand how to build and populate C# arrays, let’s turn our attention to the
ultimate base class of any array: System.Array.

The System.Array Base Class

Every .NET array you create is automatically derived from System.Array. This class defines a number
of helpful methods that make working with arrays much more palatable. Table 3-14 gives a rundown
of some (but not all) of the more interesting members.

Table 3-14. Select Members of System.Array

Member Meaning in Life

BinarySearch() This static method searches a (previously sorted) array for a given item.
If the array is composed of custom types you have created, the type in
question must implement the IComparer interface (see Chapter 7) to
engage in a binary search.

Clear() This static method sets a range of elements in the array to empty values
(0 for value types; null for reference types).

CopyTo() This method is used to copy elements from the source array into the
destination array.

Length This read-only property is used to determine the number of elements
in an array.

Rank This property returns the number of dimensions of the current array.

Reverse() This static method reverses the contents of a one-dimensional array.

Sort() This method sorts a one-dimensional array of intrinsic types. If the

elements in the array implement the IComparer interface, you can also
sort your custom types (again, see Chapter 7).

Let’s see some of these members in action. The following code makes use of the static Reverse()
and Clear () methods (and the Length property) to pump out some information about an array of
strings named firstNames to the console:

// Create some string arrays and exercise some System.Array members.
static void Main(string[] args)

// Array of strings.
string[] firstNames = { "Steve", "Dominic", "Swallow", "Baldy"} ;

// Print names as declared.



CHAPTER 3 ' C# LANGUAGE FUNDAMENTALS

Console.Writeline("Here is the array:");

for(int i = 0; i < firstNames.Length; i++)
Console.Write("Name: {0}\t", firstNames[i]);

Console.WritelLine("\n");

// Reverse array and print.

Array.Reverse(firstNames);

Console.Writeline("Here is the array once reversed:");

for(int i = 0; i < firstNames.Length; i++)
Console.Write("Name: {o}\t", firstNames[i]);

Console.WriteLine("\n");

// Clear out all but Baldy.

Console.Writeline("Cleared out all but Baldy...");

Array.Clear(firstNames, 1, 3);

for(int i = 0; i < firstNames.Length; i++)
Console.Write("Name: {0o}\t", firstNames[i]);

Console.ReadLine();

Do note that when you call the Clear () method on an array type, the items are not compacted into
a smaller array. Rather, the emptied elements are simply set to default values. If you require a dynam-
ically allocated container type, you will need to check out the types within the System.Collections
namespace (among others).

Source Code The Arrays application is located under the Chapter 3 subdirectory.

Understanding C# Nullable Types

Asyou have seen, CLR data types have a fixed range. For example, the System.Boolean data type can be
assigned a value from the set {true, false}.As of .NET 2.0, it is now possible to create nullable data
types. Simply put, a nullable type can represent all the values of its underlying type, plus the value null.
Thus, if we declare a nullable System.Boolean, it could be assigned a value from the set {true, false,
null}. This is significant, as non-nullable value types cannot be assigned the value null:

static void Main(string[] args)

{
// Compiler errors!
// Value types cannot be set to null!
bool myBool = null;
int myInt = null;
}

To define a nullable variable type, the question mark symbol (?) is suffixed to the underlying
data type. Do note that this syntax is only legal when applied to value types or an array of value types.
If you attempt to create a nullable reference type (including strings), you are issued a compile-time
error. Like a non-nullable variable, local nullable variables must be assigned an initial value:

static void Main(string[] args)

// Define some local nullable types.
int? nullableInt = 10;

double? nullableDouble = 3.14;
bool? nullableBool = null;
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char? nullableChar = 'a‘;
int?[] arrayOfNullableInts = new int?[10];

// Exror! Strings are reference types!
string? s = "oops";

In C#, the ? suffix notation is a shorthand for creating a variable of the generic System.Nullable<T>
structure type. Although we will not examine generics until Chapter 10, it is important to understand
that the System.Nullable<T> type provides a set of members that all nullable types can make use of. For
example, you are able to programmatically discover if the nullable variable indeed has been assigned
anull value using the HasValue property or the != operator. The assigned value of a nullable type may
be obtained directly or via the Value property.

Working with Nullable Types

Nullable data types can be particularly useful when you are interacting with databases, given that
columns in a data table may be intentionally empty (e.g., undefined). To illustrate, assume the fol-
lowing class, which simulates the process of accessing a database that has a table containing two
columns that may be null. Note that the GetIntFromDatabase() method is not assigning a value to
the nullable integer member variable, while GetBoolFromDatabase() is assigning a valid value to the
bool? member:

class DatabaseReader

{
// Nullable data field.

public int? numbericValue;
public bool? boolValue = true;

// Note the nullable return type.
public int? GetIntFromDatabase()
{ return numbericvalue; }

// Note the nullable return type.
public bool? GetBoolFromDatabase()
{ return boolvValue; }

Now, assume the following Main() method, which invokes each member of the DatabaseReader
class, and discovers the assigned values using the HasValue and Value members as well as a C#-spe-
cific syntax:

static void Main(string[] args)

{
Console.WritelLine("***** Fun with Nullable Data *¥¥¥¥\n");
DatabaseReader dr = new DatabaseReader();

// Get int from 'database’.
int? i = dr.GetIntFromDatabase();
if (i.HasValue)
Console.WritelLine("Value of 'i' is: {0}", i);
else
Console.WritelLine("Value of 'i' is undefined.");
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// Get bool from 'database’.
bool? b = dr.GetBoolFromDatabase();
if (b I= null)

Console.WritelLine("Value of 'b' is: {0}", b);
else

Console.WritelLine("Value of 'b' is undefined.");
Console.ReadlLine();

The ?2 Operator

The final aspect of nullable types to be aware of is that they can make use of the C# 2005-specific ??
operator. This operator allows you to assign a value to a nullable type if the retrieved value is in fact
null. For this example, assume you wish to assign a local nullable integer to 100 if the value returned
from GetIntFromDatabase() is null (of course, this method is programmed to always return null,
but I am sure you get the general idea):

static void Main(string[] args)

{
Console.WriteLine("***** Fun with Nullable Data *¥¥*¥\n");
DatabaseReader dr = new DatabaseReader();
// If the value from GetIntFromDatabase() is null,
// assign local variable to 100.
int? myData = dr.GetIntFromDatabase() ?? 100;
Console.WriteLine("Value of myData: {0}", myData);
Console.ReadlLine();

}

Source Code The NullableType application is located under the Chapter 3 subdirectory.

Defining Custom Namespaces

Up to this point, you have been building small test programs leveraging existing namespaces in the
.NET universe (System in particular). When you build your own custom applications, it can be very
helpful to group your related types into custom namespaces. In C#, this is accomplished using the
namespace keyword.

Assume you are developing a collection of geometric classes named Square, Circle, and Hexagon.
Given their similarities, you would like to group them all together into a common custom namespace.
You have two basic approaches. First, you may choose to define each class within a single file (shapes-
1ib.cs) as follows:

// shapeslib.cs
using System;

namespace MyShapes

// Circle class.

class Circle{ /* Interesting methods... */ }

// Hexagon class.

class Hexagon{ /* More interesting methods... */ }

// Square class.

class Square{ /* Even more interesting methods... */ }
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Notice how the MyShapes namespace acts as the conceptual “container” of these types. Alterna-
tively, you can split a single namespace into multiple C# files. To do so, simply wrap the given class
definitions in the same namespace:

// circle.cs
using System;

namespace MyShapes

// Circle class.
class Circle{ }

}

// hexagon.cs
using System;

namespace MyShapes

// Hexagon class.
class Hexagon{ }

}

// square.cs
using System;

namespace MyShapes

// Square class.
class Square{ }

As you already know, when another namespace wishes to use objects within a distinct namespace,
the using keyword can be used as follows:

// Make use of types defined the MyShape namespace.
using System;

using MyShapes;

namespace MyApp

class ShapeTester

{

static void Main(string[] args)

{
Hexagon h = new Hexagon();
Circle c = new Circle();
Square s = new Square();

}

}

A Type’s Fully Qualified Name

Technically speaking, you are not required to make use of the C# using keyword when declaring a type
defined in an external namespace. You could make use of the fully qualified name of the type, which
as you recall from Chapter 1 is the type’s name prefixed with the defining namespace:
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// Note we are not 'using' MyShapes anymore.
using System;

namespace MyApp

class ShapeTester

{
static void Main(string[] args)
{
MyShapes.Hexagon h = new MyShapes.Hexagon();
MyShapes.Circle ¢ = new MyShapes.Circle();
MyShapes.Square s = new MyShapes.Square();
}

Typically there is no need to use a fully qualified name. Not only does it require a greater number
of keystrokes, but also it makes no difference whatsoever in terms of code size or execution speed. In
fact, in CIL code, types are always defined with the fully qualified name. In this light, the C# using key-
word is simply a typing time-saver.

However, fully qualified names can be very helpful (and sometimes necessary) to avoid name
clashes that may occur when using multiple namespaces that contain identically named types. Assume
a new namespace termed My3DShapes, which defines three classes capable of rendering a shape in
stunning 3D:

// Another shapes namespace...
using System;

namespace My3DShapes

// 3D Circle class.
class Circle{ }
// 3D Hexagon class
class Hexagon{ }
// 3D Square class
class Square{ }

If you update ShapeTester as was done here, you are issued a number of compile-time errors,
because both namespaces define identically named types:

// Ambiguities abound!
using System;

using MyShapes;

using My3DShapes;

namespace MyApp

class ShapeTester

{

static void Main(string[] args)

{
// Which namespace do I reference?
Hexagon h = new Hexagon(); // Compiler error!
Circle ¢ = new Circle(); // Compiler error!
Square s = new Square(); // Compiler error!

}
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The ambiguity can be resolved using the type’s fully qualified name:

// We have now resolved the ambiguity.
static void Main(string[] args)

{
My3DShapes.Hexagon h = new My3DShapes.Hexagon();

My3DShapes.Circle ¢ = new My3DShapes.Circle();
MyShapes.Square s = new MyShapes.Square();

Defining using Aliases

The C# using keyword can also be used to create an alias to a type’s fully qualified name. When you
do so, you are able to define a token that is substituted with the type’s full name at compile time, for
example:

using System;

using MyShapes;

using My3DShapes;

// Resolve the ambiguity using a custom alias.
using The3DHexagon = My3DShapes.Hexagon;

namespace MyApp

class ShapeTester

{
static void Main(string[] args)
// This is really creating a My3DShapes.Hexagon type.
The3DHexagon h2 = new The3DHexagon();
}
}

This alternative using syntax can also be used to create an alias to a lengthy namespace. One of
the longer namespaces in the base class library would have to be System.Runtime.Serialization.
Formatters.Binary, which contains a member named BinaryFormatter. If you wish, you could create
an instance of the BinaryFormatter as so:

using MyAlias = System.Runtime.Serialization.Formatters.Binary;
namespace MyApp
class ShapeTester
static void Main(string[] args)

MyAlias.BinaryFormatter b = new MyAlias.BinaryFormatter();

}

as well with a traditional using directive:

using System.Runtime.Serialization.Formatters.Binary;
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namespace MyApp

class ShapeTester

{
static void Main(string[] args)
{
BinaryFormatter b = new BinaryFormatter();
}
}

Note C# now provides a mechanism that can be used to resolve name clashes between identically named
namespaces using the namespace alias qualifier (: :) and “global” token. Thankfully, this type of name collision is
rare. If you require more information regarding this topic, look up my article “Working with the C# 2.0 Command
Line Compiler” from http://msdn.microsoft.com.

Creating Nested Namespaces

When organizing your types, you are free to define namespaces within other namespaces. The .NET
base class libraries do so in numerous places to provide an even deeper level of type organization. For
example, the Collections namespace is nested within System, to yield System.Collections. If you wish
to create a root namespace that contains the existing My3DShapes namespace, you can update your
code as follows:

// Nesting a namespace.
namespace Chapter3

{
namespace My3DShapes

// 3D Circle class.
class Circle{ }
// 3D Hexagon class
class Hexagon{ }
// 3D Square class
class Square{ }

In many cases, the role of a root namespace is simply to provide a further level of scope, and there-
fore may not define any types directly within its scope (as in the case of the Chapter3 namespace). If this
is the case, a nested namespace can be defined using the following compact form:

// Nesting a namespace (take two).
namespace Chapter3.My3DShapes
{

// 3D Circle class.

class Circle{ }

// 3D Hexagon class

class Hexagon{ }

// 3D Square class

class Square{ }

Given that you have now nested the My3DShapes namespace within the Chapter3 root namespace,
you need to update any existing using directives and type aliases:
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using Chapter3.My3DShapes;
using The3DHexagon = Chapter3.My3DShapes.Hexagon;

The “Default Namespace” of Visual Studio 2005

On a final namespace-related note, it is worth pointing out that by default, when you create a new C#
project using Visual Studio 2005, the name of your application’s default namespace will be identical to
the project name. From this point on, when you insert new items using the Project » Add New Item
menu selection, types will automatically be wrapped within the default namespace. If you wish to
change the name of the default namespace (e.g., to be your company name), simply access the Default
namespace option using the Application tab of the project’s Properties window (see Figure 3-24).

Figure 3-24. Configuring the default namespace

With this update, any new item inserted into the project will be wrapped within the Intertech-
Training namespace (and, obviously, if another namespace wishes to use these types, the correct
using directive must be applied).

Source Code The Namespaces project is located under the Chapter 3 subdirectory.

Summary

This (rather lengthy) chapter exposed you to the numerous core aspects of the C# programming
language and the .NET platform. The focus was to examine the constructs that will be commonplace
in any application you may be interested in building.

As you have seen, all intrinsic C# data types alias a corresponding type in the System namespace.
Each system type has a number of members that provide a programmatic manner to obtain the range
of the type. Furthermore, you learned the basic process of building C# class types and examined the
various parameter-passing conventions, value types and reference types, and the role of the mighty
System.Object.

You also examined various aspects of the CLR that place an OO spin on common programming
constructs, such as arrays, strings, structures, and enumerations. In addition, this chapter illustrated
the concept of boxing and unboxing. This simple mechanism allows you to easily move between
value-based and reference-based data types. Finally, the chapter wrapped up by explaining the role
of nullable data types and the construction of custom namespaces.



CHAPTER 4

Object-Oriented Programming
with G# 2.0

In the previous chapter, you were introduced to a number of core constructs of the C# language
and the .NET platform as well as select types within the System namespace. Here, you will spend
your time digging deeper into the details of object-based development. I begin with a review of the
famed “pillars of OOP” and then examine exactly how C# contends with the notions of encapsula-
tion, inheritance, and polymorphism. This will equip you with the knowledge you need in order to
build custom class hierarchies.

During this process, you examine some new constructs such as type properties, versioning
type members, “sealed” classes, and XML code documentation syntax. Do be aware that the infor-
mation presented here will serve as the foundation for more advanced class design techniques (such
as overloaded operators, events, and custom conversion routines) examined in later chapters.

By way of a friendly invitation, even if you are currently comfortable with the constructs of
object-oriented programming using other languages, I would encourage you to pound out the code
examples found within this chapter. As you will see, C# does place a new spin on many common OO
techniques.

Understanding the C# Class Type

If you have been “doing objects” in another programming language, you are no doubt aware of the
role of class definitions. Formally, a class is nothing more than a custom user-defined type (UDT)
that is composed of field data (sometimes termed member variables) and functions (often called
methods in OO speak) that act on this data. The set of field data collectively represents the “state” of
a class instance.

The power of object-oriented languages is that by grouping data and functionality in a single
UDT, you are able to model your software types after real-world entities. For example, assume you
are interested in modeling a generic employee for a payroll system. At minimum, you may wish to
build a class that maintains the name, current pay, and employee ID for each worker. In addition,
the Employee class defines one method, named GiveBonus (), which increases an individual’s current
pay by some amount, and another, named DisplayStats(), which prints out the state data for this
individual. Figure 4-1 illustrates the Employee class type.
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Figure 4-1. The Employee class type

As you recall from Chapter 3, C# classes can define any number of constructors. These special
class methods provide a simple way for an object user to create an instance of a given class with an
initial look and feel. Every C# class is initially provided with a default constructor, which by definition
never takes arguments. In addition to the default constructor, you are also free to define as many
custom constructors as you feel are necessary.

To get the ball rolling, here is our first crack at the Employee class (we will add more functionality
throughout the chapter):

// The initial Employee class definition.
namespace Employees

public class Employee

{

// Field data.

private string fullName;
private int empID;
private float currPay;

// Constructors.

public Employee(){ }

public Employee(string fullName, int empID, float currPay)
{

this.fullName = fullName;
this.empID = empID;
this.currPay = currPay;

}

// Bump the pay for this employee.
public void GiveBonus(float amount)
{ currPay += amount; }

// Show current state of this object.
public void DisplayStats()

{
Console.WriteLine("Name: {0} ", fullName);
Console.WritelLine("Pay: {0} ", currPay);
Console.Writeline("ID: {0} ", empID);

}

Notice the empty implementation of the default constructor for the Employee class:
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public class Employee
{

public Employee(){ }

Like C++ and Java, if you choose to define custom constructors in a class definition, the default
constructor is silently removed. Therefore, if you wish to allow the object user to create an instance
of your class as follows:

static void Main(string[] args)

// Calls the default constructor.
Employee e = new Employee();

you must explicitly redefine the default constructor for your class (as we have done here). If you do
not, you will receive a compiler error when creating an instance of your class type using the default
constructor. In any case, the following Main() method creates a few Employee objects using our cus-
tom three-argument constructor:

// Make some Employee objects.
static void Main(string[] args)

{
Employee e = new Employee("Joe", 80, 30000);
Employee e2;
e2 = new Employee("Beth", 81, 50000);
Console.ReadLine();

}

Understanding Method Overloading

Like other object-oriented languages, C# allows a type to overload various methods. Simply put,
when a class has a set of identically named members that differ by the number (or type) of parame-
ters, the member in question is said to be overloaded. In the Employee class, you have overloaded the
class constructor, given that you have provided two definitions that differ only by the parameter set:

public class Employee

{

// Overloaded constructors.

public Employee(){ }

public Employee(string fullName, int empID, float currPay){...}
}

Constructors, however, are not the only members that may be overloaded for a type. By way of
example, assume you have a class named Triangle that supports an overloaded Draw() method. By
doing so, you allow the object user to render the image using various input parameters:

public class Triangle
{
// The overloaded Draw() method.
public void Draw(int x, int y, int height, int width) {...}
public void Draw(float x, float y, float height, float width) {...}
public void Draw(Point upperLeft, Point bottomRight) {...}
public void Draw(Rect 1) {...}
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If C# did not support method overloading, you would be forced to create four uniquely named
members, which, as you can see, is far from ideal:

public class Triangle

{
// Yuck...
public void DrawWithInts(int x, int y, int height, int width) {...}
public void DrawWIthFloats(float x, float y, float height, float width) {...}
public void DrawWithPoints(Point upperLeft, Point bottomRight) {...}
public void DrawwWithRect(Rect 1) {...}
}

Again, remember that when you are overloading a member, the return type alone is not unique
enough. Thus, the following is illegal:

public class Triangle

{
// Error! Cannot overload methods
// based solely on return values!
public float GetX() {...}
public int GetX() {...}

}

Self-Reference in C# Using this
Next, note that the custom constructor of the Employee class makes use of the C# this keyword:

// Explicitly use "this" to resolve name-clash.
public Employee(string fullName, int empID, float currPay)
{

// Assign the incoming params to my state data.
this.fullName = fullName;

this.empID = empID;

this.currPay = currPay;

This particular C# keyword is used when you wish to explicitly reference the fields and members
of the current object. The reason you made use of this in your custom constructor was to avoid clashes
between the parameter names and names of your internal state variables. Of course, another
approach would be to change the names for each parameter and avoid the name clash altogether:

// When there is no name clash, "this" is assumed.
public Employee(string name, int id, float pay)

fullName = name;
empID = id;
currPay = pay;

In this case, we have no need to explicitly prefix the this keyword to the Employee’s member
variables, because we have removed the name clash. The compiler can resolve the scope of these
member variables using what is known as an implict this. Simply put, when your class references
its own field data and member variables (in an unambiguous manner), this is assumed. Therefore,
the previous constructor logic is functionally identical to the following:

public Employee(string name, int id, float pay)
{

this.fullName = name;
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this.empID = id;
this.currPay = pay;

Note Static members of a type cannot make use of the this keyword within its method scope. This fact should
make some sense, as static member functions operate on the class (not object) level. At the class level, there is no this!

Forwarding Constructor Calls Using this

Another use of the this keyword is to force one constructor to call another in order to avoid redun-
dant member initialization logic. Consider the following update to the Employee class:

public class Employee

{
public Employee(string fullName, int empID, float currPay)
{
this.fullName = fullName;
this.empID = empID;
this.currPay = currPay;
}
// If the user calls this ctor, forward to the 3-arg version.
public Employee(string fullName)
: this(fullName, IDGenerator.GetNewEmpID(), 0.0F) { }
}

This iteration of the Employee class defines two custom constructors, the second of which
requires a single parameter (the individual’s name). However, to fully construct a new Employee,
you want to ensure you have a proper ID and rate of pay. Assume you have created a custom class
(IDGenerator) that defines a static method named GetNewEmpID(), which generates a new employee
ID (in some way or another). Once you gather the correct set of startup parameters, you forward the
creation request to the alternate three-argument constructor.

If you did not forward the call, you would need to add redundant code to each constructor:

// currPay automatically set to 0.0F via default values.
public Employee(string fullName)
{

this.fullName = fullName;
this.empID = IDCenerator.GetNewEmpID();
}

Understand that using the this keyword to forward constructor calls is not mandatory. However,
when you make use of this technique, you do tend to end up with a more manitainable and concise
class definition. In fact, using this technique you can simplify your programming tasks, as the real
work is delegated to a single constructor (typically the constructor that has the most parameters),
while the other constructors simply “pass the buck.”

Defining the Public Interface of a Class

Once you have established a class’s internal state data and constructor set, your next step is to flesh
out the details of the public interface to the class. The term refers to the set of members that are directly
accessible from an object variable via the dot operator.
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From the class builder’s point of view, the public interface is any item declared in a class using
the public keyword. Beyond field data and constructors, the public interface of a class may be pop-
ulated by numerous members, including the following:

* Methods: Named units of work that model some behavior of a class
 Properties: Traditional accessor and mutator functions in disguise

» Constants/Read-only fields: Field data that cannot be changed after assignment (see Chapter 3)

Note As you will see later in this chapter, nested type definitions may also appear on a type’s public interface.
Furthermore, as you will see in Chapter 8, the public interface of a class may also be configured to support events.

Given that our Employee currently defines two public methods (GiveBonus() and DisplayStats()),
we are able to interact with the public interface as follows:

// Interact with the public interface of the Employee class type.
static void Main(string[] args)
{
Console.WriteLine("***** The Employee Type at Work *¥*¥¥\n");
Employee e = new Employee("Joe", 80, 30000);
e.GiveBonus(200);
e.DisplayStats();

Employee e2;

e2 = new Employee("Beth", 81, 50000);
e2.GiveBonus(1000);
e2.DisplayStats();
Console.ReadlLine();

If you were to run the application as it now stands, you would find the output shown in
Figure 4-2.

Figure 4-2. The Employee class type at work

At this point we have created a very simple class type with a minimal public interface. Before
we move ahead with more complex examples, let’s take a moment to review the cornerstones of
object-oriented programming (we will return to the Employee type shortly).
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Reviewing the Pillars of 00P

All object-oriented languages contend with three core principles of object-oriented programming,
often called the famed “pillars of OOP”

* Encapsulation: How does this language hide an object’s internal implementation?

e Inheritance: How does this language promote code reuse?

* Polymorphism: How does this language let you treat related objects in a similar way?

Before digging into the syntactic details of each pillar, it is important you understand the basic
role of each. Therefore, here is a brisk, high-level rundown, just to clear off any cobwebs you may
have acquired between project deadlines.

Encapsulation

The first pillar of OOP is called encapsulation. This trait boils down to the language’s ability to hide
unnecessary implementation details from the object user. For example, assume you are using a class
named DatabaseReader that has two methods named Open() and Close():

// DatabaseReader encapsulates the details of database manipulation.
DatabaseReader dbObj = new DatabaseReader();

dbOb7j.0pen(@"C:\Employees.mdf");
// Do something with database...
db0Obj.Close();

The fictitious DatabaseReader class has encapsulated the inner details of locating, loading,
manipulating, and closing the data file. Object users love encapsulation, as this pillar of OOP keeps
programming tasks simpler. There is no need to worry about the numerous lines of code that are work-
ing behind the scenes to carry out the work of the DatabaseReader class. All you do is create an instance
and send the appropriate messages (e.g., “open the file named Employees.mdflocated on my C drive”).

Another aspect of encapsulation is the notion of data protection. Ideally, an object’s state data
should be defined as private rather than public (as was the case in previous chapters). In this way, the
outside world must “ask politely” in order to change or obtain the underlying value.

Inheritance

The next pillar of OOP, inheritance, boils down to the language’s ability to allow you to build new
class definitions based on existing class definitions. In essence, inheritance allows you to extend the
behavior of a base (or parent) class by enabling a subclass to inherit core functionality (also called

a derived class or child class). Figure 4-3 illustrates the “is-a” relationship.

Figure 4-3. The “is-a” relationship
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You can read this diagram as “A hexagon is-a shape that is-an object.” When you have classes
related by this form of inheritance, you establish “is-a” relationships between types. The “is-a”
relationship is often termed classical inheritance.

Recall from Chapter 3 that System.Object is the ultimate base class in any .NET hierarchy. Here,
the Shape class extends Object. You can assume that Shape defines some number of properties, fields,
methods, and events that are common to all shapes. The Hexagon class extends Shape and inherits
the functionality defined by Shape and Object, in addition to defining its own set of members (what-
ever they may be).

There is another form of code reuse in the world of OOP: the containment/delegation model
(also known as the “has-a” relationship). This form of reuse is not used to establish base/subclass
relationships. Rather, a given class can define a member variable of another class and expose part or
all of its functionality to the outside world.

For example, if you are modeling an automobile, you might wish to express the idea that
a car “has-a” radio. It would be illogical to attempt to derive the Car class from a Radio, or vice versa.
(A Car “is-a” Radio? I think not!) Rather, you have two independent classes working together, where
the containing class creates and exposes the contained class’s functionality:

public class Radio

{
public void Power(bool turnOn)
{ Console.WritelLine("Radio on: {0}", turnOn);}
}
public class Car
{
// Car "has-a" Radio.
private Radio myRadio = new Radio();
public void TurnOnRadio(bool onOff)
{
// Delegate to inner object.
myRadio.Power (on0Off);
}
}

Here, the containing type (Car) is responsible for creating the contained object (Radio). If the
Car wishes to make the Radio’s behavior accessible from a Car instance, it must extend its own pub-
lic interface with some set of functions that operate on the contained type. Notice that the object
user has no clue that the Car class is making use of an inner Radio object:

static void Main(string[] args)

{
// Call is forward to Radio internally.
Car viper = new Car();
viper.TurnOnRadio(true);

}

Polymorphism

The final pillar of OOP is polymorphism. This trait captures a language’s ability to treat related objects
the same way. This tenent of an object-oriented language allows a base class to define a set of mem-
bers (formally termed the ploymorphic interface) to all descendents. A class type’s polymorphic
interface is constructed using any number of virtual or abstract members. In a nutshell, a virtual
member may be changed (or more formally speaking, overridden) by a derived class, whereas an
abstract method must be overriden by a derived type. When derived types override the members
defined by a base class, they are essentially redefining how they respond to the same request.
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To illustrate polymorphism, let’s revisit the shapes hierarchy. Assume that the Shape class has
defined a method named Draw(), taking no parameters and returning nothing. Given the fact that
every shape needs to render itself in a unique manner, subclasses (such as Hexagon and Circle) are
free to override this method to their own liking (see Figure 4-4).

Figure 4-4. Classical polymorphism

Once a polymorphic interface has been designed, you can begin to make various assumptions
in your code. For example, given that Hexagon and Circle derive from a common parent (Shape), an
array of Shape types could contain any derived class. Furthermore, given that Shape defines a poly-
morphic interface to all derived types (the Draw() method in this example), we can assume each
member in the array has this functionaltiy. Ponder the following Main() method, which instructs an
array of Shape-derived types to render themselves using the Draw() method:

static void Main(string[] args)

{
// Create an array of Shape derived items.
Shape[] myShapes = new Shape[3];
myShapes[0] = new Hexagon();
myShapes[1] = new Circle();
myShapes[2] = new Hexagon();

// Iterate over the array and draw each item.
foreach (Shape s in myShapes)

s.Draw();
Console.ReadLine();

This wraps up our basic (and brisk) review of the pillars of OOP. Now that you have the theory
in your minds, the bulk of this chapter explores further details and exact C# syntax that represents
each trait.

The First Pillar: C#’s Encapsulation Services

The concept of encapsulation revolves around the notion that an object’s field data should not be
directly accessible from the public interface. Rather, if an object user wishes to alter the state of an
object, it does so indirectly using accessor (get) and mutator (set) methods. In C#, encapsulation is
enforced at the syntactic level using the public, private, protected, and protected internal key-
words, as described in Chapter 3. To illustrate the need for encapsulation, assume you have created
the following class definition:
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// A class with a single public field.
public class Book

{
}

public int numberOfPages;

The problem with public field data is that the items have no ability to “understand” whether
the current value to which they are assigned is valid with regard to the current business rules of the
system. As you know, the upper range of a C# int is quite large (2,147,483,647). Therefore, the com-
piler allows the following assignment:

// Humm...
static void Main(string[] args)

{

Book miniNovel = new Book();
miniNovel.numberOfPages = 30000000;

Although you do not overflow the boundaries of an integer data type, it should be clear that
a mini-novel with a page count of 30,000,000 pages is a bit unreasonable in the real world. As you
can see, public fields do not provide a way to enforce data validation rules. If your system has a busi-
ness rule that states a mini-novel must be between 1 and 200 pages, you are at a loss to enforce this
programmatically. Because of this, public fields typically have no place in a production-level class
definition (public read-only fields being the exception).

Encapsulation provides a way to preserve the integrity of state data. Rather than defining pub-
lic fields (which can easily foster data corruption), you should get in the habit of defining private
data fields, which are indirectly manipulated by the caller using one of two main techniques:

* Define a pair of traditional accessor and mutator methods.

¢ Define a named property.

Whichever technique you choose, the point is that a well-encapsulated class should hide its
raw data and the details of how it operates from the prying eyes of the outside world. This is often
termed black box programming. The beauty of this approach is that a class author is free to change
how a given method is implemented under the hood, without breaking any existing code making
use of it (provided that the signature of the method remains constant).

Enforcing Encapsulation Using Traditional Accessors and Mutators

Let’s return to the existing Employee class. If you want the outside world to interact with your private
fullName data field, tradition dictates defining an accessor (get method) and mutator (set method).
For example:

// Traditional accessor and mutator for a point of private data.
public class Employee
{

private string fullName;

// Accessor.
public string GetFullName() { return fullName; }

// Mutator.
public void SetFullName(string n)
{
// Remove any illegal characters (!, @, #, $, %),
// check maximum length (or case rules) before making assignment.
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fullName = n;

Understand, of course, that the compiler could not care less what you call your accessor and
mutator methods. Given the fact that GetFullName() and SetFullName() encapsulate a private string
named fullName, this choice of method names seems to fit the bill. The calling logic is as follows:

// Accessor/mutator usage.
static void Main(string[] args)

{
Employee p = new Employee();
p.SetFullName("Fred Flintstone");
Console.Writeline("Employee is named: {0}", p.GetFullName());
Console.ReadlLine();
}

Another Form of Encapsulation: Class Properties

In contrast to traditional accessor and mutator methods, .NET languages prefer to enforce encapsu-
lation using properties, which simulate publicly accessible points of data. Rather than requiring the
user to call two different methods to get and set the state data, the user is able to call what appears
to be a public field. To illustrate, assume you have provided a property named ID that wraps the
internal empID member variable of the Employee type. The calling syntax would look like this:

// Setting / getting a person's ID through property syntax.
static void Main(string[] args)

{
Employee p = new Employee();

// Set the value.
p.ID = 81;

// Get the value.
Console.WritelLine("Person ID is: {0} ", p.ID);
Console.ReadlLine();

Type properties always map to “real” accessor and mutator methods under the hood. Therefore,
as a class designer you are able to perform any internal logic necessary before making the value
assignment (e.g., uppercase the value, scrub the value for illegal characters, check the bounds of
a numerical value, and so on). Here is the C# syntax behind the ID property, another property (Pay)
that encapsulates the currPay field, and a final property (Name) to encapsulate the fullName data point.

// Encapsulation with properties.
public class Employee
{

private int empID;
private float currPay;
private string fullName;

// Property for empID.
public int ID
{
get { return empID;}
set
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{
// You are still free to investigate (and possibly transform)
// the incoming value before making an assignment.
empID = value;

}

}

// Property for fullName.
public string Name

{
get {return fullName;}

set {fullName = value;}
}

// Property for currPay.
public float Pay
{

get {return currPay;}
set {currPay = value;}

A C# property is composed using a get block (accessor) and set block (mutator). The C# “value”
token represents the right-hand side of the assignment. The underlying data type of the value token
depends on which sort of data it represents. In this example, the ID property is operating on a int
data type, which, as you recall, maps to a System.Int32:

// 81 is a System.Int32, so "value" is a System.Int32.
Employee e = new Employee();
e.ID = 81;

To prove the point, assume you have updated the ID property’s set logic as follows:

// Property for the empID.
public int ID

{
get { return empID;}
set
{
Console.WritelLine("value is an instance of: {0} ", value.GetType());
Console.WriteLine("value's value: {0} ", value);
empID = value;
}
}

Once you run this application, you would see the output shown in Figure 4-5.
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Figure 4-5. The value of value when setting ID to 81
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Note Strictly speaking, the C# value token is not a keyword, but rather a contentual keyword that represents
the implicit parameter used during a property assignment when within the scope of a property set. Given this, you
are free to have member variables and local data points named “value”.

Understand that properties (as opposed to traditional accessors and mutators) also make your
types easier to manipulate, in that properties are able to respond to the intrinsic operators of C#. To
illustrate, assume that the Employee class type has an internal private member variable representing
the age of the employee. Here is our update:

public class Employee
{

// Current age of employee.
private int empAge;

public Employee(string fullName, int age, int empID, float currPay)

this.empAge = age;
}

public int Age
{
get{return empAge;}
set{empAge = value;}
}

public void DisplayStats()
{

Console.WriteLine("Age: {0} ", empAge);

Now assume you have created an Employee object named joe. On his birthday, you wish to
increment the age by one. Using traditional accessor and mutator methods, you would need to
write code such as the following:

Employee joe = new Employee();
joe.SetAge(joe.GetAge() + 1);

However, if you encapsulate empAge using property snytax, you are able to simply write

Employee joe = new Employee();
joe.Age++;

Internal Representation of C# Properties

Many programmers (especially those of the C++ ilk) tend to design traditional accessor and mutator
methods using “get_”" and “set_" prefixes (e.g., get_FullName() and set_FullName()). This naming
convention itself is not problematic. However, it is important to understand that under the hood,
a C# property is represented in CIL code using these same prefixes. For example, if you open up the
Employees.exe assembly using ildasm.exe, you see that each property actually resolves to hidden
get XXX()/set_XXX() methods (see Figure 4-6).
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Figure 4-6. Properties map to hidden get_XXX() and set_XXX() methods.

Assume the Employee type now has a private member variable named empSSN to represent an
individual’s Social Security number, which is manipulated by a property named SocialSecurityNumber
and set via constructor parameter.

// Add support for a new field representing the employee's SSN.
public class Employee

{

// Social Security Number.
private string empSSN;

public Employee(string fullName, int age, int empID,
float currPay, string ssn)
{

this.empSSN = ssn;
}

public string SocialSecurityNumber

{
get { return empSSN; }
set { empSSN = value;}
}

public void DisplayStats()
{

Console.WriteLine("SSN: {0} ", empSSN);

If you were to also define two methods named get SocialSecurityNumber() and
set _SocialSecurityNumber(), you would be issued compile-time errors:

// Remember, a C# property really maps to a get_/set_ pair.
public class Employee

{

// ERROR! Already defined under the hood by the property!
public string get SocialSecurityNumber() {return empSSN;}
public void set SocialSecurityNumber (string val) {empSSN = val;}
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Note The .NET base class libraries always favor type properties over traditional accessor and mutator methods.
Therefore, if you wish to build custom types that integrate well with the .NET platform, avoid defining traditional
get and set methods.

Controlling Visibility Levels of Property get/set Statements

Prior to C# 2005, the visibility of get and set logic was solely controlled by the access modifer of the
property declaration:

// The get and set logic is both public,
// given the declaration of the property.
public string SocialSecurityNumber

{
get { return empSSN; }
set { empSSN = value;}

In some cases, it would be helpful to specify unique accessability levels for get and set logic. To
do so, simply prefix an accessibility keyword to the appropriate get or set keyword (the unqualified
scope takes the visibility of the property’s declaration):

// Object users can only get the value, however
// derived types can set the value.
public string SocialSecurityNumber

{
get { return empSSN; }
protected set { empSSN = value;}

In this case, the set logic of SocialSecurityNumber can only be called by the current class and
derived classes and therefore cannot be called from an object instance.

Read-Only and Write-Only Properties

When creating class types, you may wish to configure a read-only property. To do so, simply build

a property without a corresponding set block. Likewise, if you wish to have a write-only property, omit
the get block. We have no need to do so for this example; however, here is how the SocialSecurityNumber
property could be retrofitted as read-only:

public class Employee
{

// Now as a read-only property.
public string SocialSecurityNumber { get { return empSSN; } }

}

Given this adjustment, the only manner in which an employee’s US Social Security number can be
set is through a constructor argument.

Static Properties

C# also supports static properties. Recall from Chapter 3 that static members are accessed at the
class level, not from an instance (object) of that class. For example, assume that the Employee type
defines a point of static data to represent the name of the organization employing these workers.
You may define a static (e.g., class-level) property as follows:
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// Static properties must operate on static data!
public class Employee

{
private static string companyName;
public static string Company
{
get { return companyName; }
set { companyName = value;}
}
}

Static properties are manipulated in the same manner as static methods, as seen here:

// Set and get the name of the company that employs these people...
public static int Main(string[] args)
{

Employee.Company = "Intertech Training";
Console.WritelLine("These folks work at {0} ", Employee.Company);

Also, recall from Chapter 3 that C# provides static constructors. Therefore, if you wish to ensure
that the static companyName property is always set to Intertech Training, you could add the follow-
ing member to the Employee class:

// A static ctor takes no access modifer or arguments.
public class Employee
{

static Employee()
{

companyName = "Intertech Training";

In this case, we did not gain too much by adding a static constructor, given that the same end
result could have been achieved by simply assigning the companyName member variable as follows:

// Static properties must operate on static data!
public class Employee
{

private static string companyName = "Intertech Training";

However, recall that if you need to perform runtime logic to obtain the value to a point of static
data (such as reading a database), static constructors are very helpful indeed.

To wrap up our examination of encapsulation, understand that properties are used for the same
purpose as a classical accessor/mutator pair. The benefit of properties is that the users of your objects
are able to manipulate the internal data point using a single named item.

The Second Pillar: C#’s Inheritance Support

Now that you have seen various techniques that allow you to create a single well-encapsulated
class, it is time to turn your attention to building a family of related classes. As mentioned, inheri-
tance is the aspect of OOP that facilitates code reuse. Inheritance comes in two flavors: classical
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inheritance (the “is-a” relationship) and the containment/delegation model (the “has-a” relationship).
Let’s begin by examining the classical “is-a” model.

When you establish “is-a” relationships between classes, you are building a dependency
between types. The basic idea behind classical inheritance is that new classes may leverage (and
possibily extend) the functionality of other classes. To illustrate, assume that you wish to leverage
the functionality of the Employee class to create two new classes (SalesPerson and Manager). The
class hierarchy looks something like what you see in Figure 4-7.

Figure 4-7. The employee hierarchy

As illustrated in Figure 4-7, you can see that a SalesPerson “is-a” Employee (as is a Manager). In
the classical inheritance model, base classes (such as Employee) are used to define general charac-
teristics that are common to all descendents. Subclasses (such as SalesPerson and Manager) extend
this general functionality while adding more specific behaviors.

For our example, we will assume that the Manager class extends Employee by recording the number
of stock options, while the SalesPerson class maintains the number of sales. In C#, extending a class
is accomplished using the colon operator (:) on the class definition. This being said, here are the
derived class types:

// Add two new subclasses to the Employees namespace.
namespace Employees

public class Manager : Employee

{
// Managers need to know their number of stock options.
private ulong numberOfOptions;
public ulong NumbOpts
{
get { return numberOfOptions;}
set { numberOfOptions = value; }
}
}
public class SalesPerson : Employee
{
// Salespeople need to know their number of sales.
private int numberOfSales;
public int NumbSales
{
get { return numberOfSales;}
set { numberOfSales = value; }
}
}
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Now that you have established an “is-a” relationship, SalesPerson and Manager have automatically
inherited all public (and protected) members of the Employee base class. To illustrate:

// Create a subclass and access base class functionality.
static void Main(string[] args)

{
// Make a salesperson.
SalesPerson stan = new SalesPerson();

// These members are inherited from the Employee base class.
stan.ID = 100;
stan.Name = "Stan";

// This is defined by the SalesPerson class.
stan.NumbSales = 42;
Console.ReadLine();

Do be aware that inheritance preserves encapsulation. Therefore, a derived class cannot
directly access the private members defined by its base class.

Controlling Base Class Creation with base

Currently, SalesPerson and Manager can only be created using a default constructor. With this in
mind, assume you have added a new six-argument constructor to the Manager type, which is invoked
as follows:

static void Main(string[] args)

{

// Assume we now have the following constructor.

// (name, age, ID, pay, SSN, number of stock options).

Manager chucky = new Manager("Chucky", 35, 92, 100000, "333-23-2322", 9000);
}

If you look at the argument list, you can clearly see that most of these parameters should be
stored in the member variables defined by the Employee base class. To do so, you could implement
this new constructor as follows:

// If you do not say otherwise, a subclass constructor automatically calls the
// default constructor of its base class.
public Manager(string fullName, int age, int empID,

float currPay, string ssn, ulong numbOfOpts)

{
// This point of data belongs with us!
numberOfOptions = numbOfOpts;
// Leverage the various members inherited from Employee
// to assign the state data.
ID = empID;
Age = age;
Name = fullName;
SocialSecurityNumber = ssn;
Pay = currPay;
}

Although this is technically permissible, it is not optimal. In C#, unless you say otherwise, the
default constructor of a base class is called automatically before the logic of the custom Manager
constructor is executed. After this point, the current implementation accesses numerous public
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properties of the Employee base class to establish its state. Thus, you have really made seven hits
(five inherited properties and two constructor calls) during the creation of this derived object!

To help optimize the creation of a derived class, you will do well to implement your subclass
constructors to explicitly call an appropriate custom base class constructor, rather than the default.
In this way, you are able to reduce the number of calls to inherited initialization members (which
saves time). Let’s retrofit the custom constructor to do this very thing:

// This time, use the C# "base" keyword to call a custom
// constructor on the base class.
public Manager(string fullName, int age, int empID, float currPay,
string ssn, ulong numbOfOpts)
: base(fullName, age, empID, currPay, ssn)

numberOfOptions = numbOfOpts;

Here, your constructor has been adorned with an odd bit of syntax. Directly after the closing
parenthesis of the constructor’s argument list, there is a single colon followed by the C# base keyword.
In this situation, you are explicitly calling the five-argument constructor defined by Employee and
saving yourself unnecessary calls during the creation of the child class.

The SalesPerson constructor looks almost identical:

// As a general rule, all subclasses should explicitly call an appropriate
// base class constructor.
public SalesPerson(string fullName, int age, int empID,
float currPay, string ssn, int numbOfSales)
: base(fullName, age, empID, currPay, ssn)

numberOfSales = numbOfSales;

Also be aware that you may use the base keyword anytime a subclass wishes to access a public
or protected member defined by a parent class. Use of this keyword is not limited to constructor
logic. You will see examples using the base keyword in this manner during our examination of poly-
morphism.

Regarding Multiple Base Classes

Speaking of base classes, it is important to keep in mind that C# demands that a given class have
exactly one direct base class. Therefore, it is not possible to have a single type with two or more base
classes (this technique is known as multiple inheritance, or simply MI). As you will see in Chapter 7,
C# does allow a given type to implement any number of discrete interfaces. In this way, a C# class
can exhibit a number of behaviors while avoiding the problems associated with classic MI. On
a related note, it is permissible to configure a single interface to derive from multiple interfaces (again,
see Chapter 7).

Keeping Family Secrets: The protected Keyword

As you already know, public items are directly accessible from anywhere, while private items cannot
be accessed from any object beyond the class that has defined it. C# takes the lead of many other
modern object languages and provides an additional level of accessibility: protected.

When a base class defines protected data or protected members, it is able to create a set of
items that can be accessed directly by any descendent. If you wish to allow the SalesPerson and
Manager child classes to directly access the data sector defined by Employee, you can update the orig-
inal Employee class definition as follows:
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// Protected state data.
public class Employee
{

// Child classes can directly access this information. Object users cannot.
protected string fullName;

protected int empID;

protected float currPay;

protected string empSSN;

protected int empAge;

The benefit of defining protected members in a base class is that derived types no longer have
to access the data using public methods or properties. The possible downfall, of course, is that
when a derived type has direct access to its parent’s internal data, it is very possible to accidentally
bypass existing business rules found within public properties (such as the mini-novel that exceeds
the page count). When you define protected members, you are creating a level of trust between the
parent and child class, as the compiler will not catch any violation of your type’s business rules.

Finally, understand that as far as the object user is concerned, protected data is regarded as
private (as the user is “outside” of the family). Therefore, the following is illegal:

static void Main(string[] args)

// Exror! Can't access protected data from object instance.
Employee emp = new Employee();
emp.empSSN = "111-11-1111";

Preventing Inheritance: Sealed Classes

When you establish base class/subclass relationships, you are able to leverage the behavior of existing
types. However, what if you wish to define a class that cannot be subclassed? For example, assume you
have added yet another class to your employee namespaces that extends the existing SalesPerson
type. Figure 4-8 shows the current update.

Figure 4-8. The extended employee hierarchy

PTSalesPerson is a class representing (of course) a part-time salesperson. For the sake of argu-
ment, let’s say that you wish to ensure that no other developer is able to subclass from PTSalesPerson.
(After all, how much more part-time can you get than “part-time”?) To prevent others from extending
a class, make use of the C# sealed keyword:
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// Ensure that PTSalesPerson cannot act as a base class to others.
public sealed class PTSalesPerson : SalesPerson

{
public PTSalesPerson(string fullName, int age, int empID,
float currPay, string ssn, int numbOfSales)
: base(fullName, age, empID, currPay, ssn, numbOfSales)
{
// Interesting constructor logic...
}
// Other interesting members...
}

Because PTSalesPerson is sealed, it cannot serve as a base class to any other type. Thus, if you
attempted to extend PTSalesPerson, you receive a compiler error:

// Compiler error!
public class ReallyPTSalesPerson : PTSalesPerson

{...}

The sealed keyword is most useful when creating stand-alone utility classes. As an example,
the String class defined in the System namespace has been explicitly sealed:

public sealed class string : object,
IComparable, ICloneable,
IConvertible, IEnumerable {...}

Therefore, you cannot create some new class deriving from System.String:

// Another error!
public class MyString : string

{...}

If you wish to build a new class that leverages the functionality of a sealed class, your only
option is to forego classical inheritance and make use of the containment/delegation model (aka
the “has-a” relationship).

Programming for Containment/Delegation

As noted a bit earlier in this chapter, inheritance comes in two flavors. We have just explored the
classical “is-a” relationship. To conclude the exploration of the second pillar of OOP, let’s examine
the “has-a” relationship (also known as the containment/delegation model). Assume you have cre-
ated a new class that models an employee benefits package:

// This type will function as a contained class.
public class BenefitPackage

{
// Assume we have other members that represent
// 401K plans, dental / health benefits and so on.
public double ComputePayDeduction()
{ return 125.0; }
}

Obviously, it would be rather odd to establish an “is-a” relationship between the BenefitPackage
class and the employee types. (Manager “is-a” BenefitPackage? I don't think so) However, it should be
clear that some sort of relationship between the two could be established. In short, you would like
to express the idea that each employee “has-a” BenefitPackage. To do so, you can update the
Employee class definition as follows:
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// Employees now have benefits.
public class Employee
{

// Contain a BenefitPackage object.
protected BenefitPackage empBenefits = new BenefitPackage();

At this point, you have successfully contained another object. However, to expose the function-
ality of the contained object to the outside world requires delegation. Delegation is simply the act of
adding members to the containing class that make use of the contained object’s functionality. For
example, we could update the Employee class to expose the contained empBenefits object using
a custom property as well as make use of its functionality internally using a new method named
GetBenefitCost():

public class Employee
{

protected BenefitPackage empBenefits = new BenefitPackage();

// Expose certain benefit behaviors of object.
public double GetBenefitCost()
{

}

// Expose object through a custom property.
public BenefitPackage Benefits
{

return empBenefits.ComputePayDeduction();

get { return empBenefits; }
set { empBenefits = value; }

}

In the following updated Main() method, notice how we can interact with the internal
BenefitsPackage type defined by the Employee type:

static void Main(string[] args)

{
Manager mel;
mel = new Manager();
Console.WritelLine(mel.Benefits.ComputePayDeduction());
Console.ReadlLine();

}

Nested Type Definitions

Before examining the final pillar of OOP (polymorphism), let’s explore a programming technique
termed nested types. In C#, it is possible to define a type (enum, class, interface, struct, or delegate)
directly within the scope of a class or structure. When you have done so, the nested (or “inner”)
type is considered a member of the nesting (or “outer”) class, and in the eyes of the runtime can be
manipulated like any other member (fields, properties, methods, events, etc.). The syntax used to
nest a type is quite straightforward:

public class OuterClass

{
// A public nested type can be used by anybody.
public class PublicInnerClass {}
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// A private nested type can only be used by members
// of the containing class.
private class PrivateInnerClass {}

Although the syntax is clean, understanding why you might do this is not readily apparent. To
understand this technique, ponder the following:

¢ Nesting types is similar to composition (“has-a”), except that you have complete control over
the access level of the inner fype instead of a contained object.

* Because a nested type is a member of the containing class, it can access private members of
the containing class.

» Oftentimes, a nested type is only useful as helper for the outer class, and is not intended for
use by the outside world.

When a type nests another class type, it can create member variables of the type, just as it
would for any point of data. However, if you wish to make use of a nested type from outside of the
containing type, you must qualify it by the scope of the nesting type. Ponder the following code:

static void Main(string[] args)

{
// Create and use the public inner class. OK!
OuterClass.PublicInnerClass inner;
inner = new OuterClass.PublicInnerClass();

// Compiler Error! Cannot access the private class.
OuterClass.PrivateInnerClass inner2;
inner2 = new OuterClass.PrivateInnerClass();

To make use of this concept within our employees example, assume we have now nested the
BenefitPackage directly within the Employee class type:

// Nesting the BenefitPackage.
public class Employee

{
public class BenefitPackage
{
public double ComputePayDeduction()
{ return 125.0; }
}
}

The nesting process can be as “deep” as you require. For example, assume we wish to create an
enumeration named BenefitPackagelevel, which documents the various benefit levels an employee
may choose. To programmatically enforce the connection between Employee, BenefitPackage, and
BenefitPackagelevel, we could nest the enumeration as follows:

// Employee nests BenefitPackage.

public class Employee

{
// BenefitPackage nests BenefitPackagelevel.
public class BenefitPackage

public double ComputePayDeduction()
{ return 125.0; }
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public enum BenefitPackagelevel

{
}

Standard, Gold, Platinum

Because of the nesting relationships, note how we are required to make use of this enumeration:

static void Main(string[] args)

{
// Creating a BenefitPackagelevel variable.
Employee.BenefitPackage.BenefitPackagelevel myBenefitlLevel =
Employee.BenefitPackage.BenefitPackagelLevel.Platinum;
}

The Third Pillar: C#’s Polymorphic Support

Let’s now examine the final pillar of OOP: polymorphism. Recall that the Employee base class
defined a method named GiveBonus (), which was implemented as follows:

// Give bonus to employees.
public class Employee
{

public void GiveBonus(float amount)
{ currPay += amount; }

Because this method has been defined as public, you can now give bonuses to salespeople and
managers (as well as part-time salespeople):

static void Main(string[] args)

{

// Give each employee a bonus.

Manager chucky = new Manager("Chucky", 50, 92, 100000, "333-23-2322", 9000);
chucky.GiveBonus (300);

chucky.DisplayStats();

SalesPerson fran = new SalesPerson("Fran", 43, 93, 3000, "932-32-3232", 31);
fran.GiveBonus(200);
fran.DisplayStats();
Console.ReadLine();

The problem with the current design is that the inherited GiveBonus () method operates identi-
cally for all subclasses. Ideally, the bonus of a salesperson or part-time salesperson should take into
account the number of sales. Perhaps managers should gain additional stock options in conjunction
with a monetary bump in salary. Given this, you are suddenly faced with an interesting question:
“How can related objects respond differently to the same request?”

The virtual and override Keywords

Polymorphism provides a way for a subclass to customize how it implements a method defined by
its base class. To retrofit your current design, you need to understand the meaning of the C# virtual
and override keywords. If a base class wishes to define a method that may be overridden by a sub-
class, it must specify the method as virtual:
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public class Employee

{
// GiveBonus() has a default implementation, however
// child classes are free to override this behavior.
public virtual void GiveBonus(float amount)
{ currPay += amount; }

}

When a subclass wishes to redefine a virtual method, it does so using the override keyword.
For example, the SalesPerson and Manager could override GiveBonus() as follows (assume that
PTSalesPerson overrides GiveBonus() in manner similar to SalesPerson):

public class SalesPerson : Employee

{
// A salesperson's bonus is influenced by the number of sales.
public override void GiveBonus(float amount)
{
int salesBonus = 0;
if(numberOfSales >= 0 && numberOfSales <= 100)
salesBonus = 10;
else if(numberOfSales >= 101 8& numberOfSales <= 200)
salesBonus = 15;
else
salesBonus = 20; // Anything greater than 200.
base.GiveBonus (amount * salesBonus);
}
}
public class Manager : Employee
{
// Managers get some number of new stock options, in addition to raw cash.
public override void GiveBonus(float amount)
{
// Increase salary.
base.GiveBonus(amount);
// And give some new stock options...
Random r = new Random();
numberOfOptions += (ulong)r.Next(500);
}
}

Notice how each overridden method is free to leverage the default behavior using the base key-
word. In this way, you have no need to completely reimplement the logic behind GiveBonus(), but
can reuse (and possibly extend) the default behavior of the parent class.

Also assume that Employee.DisplayStats() has been declared virtual, and has been overridden
by each subclass to account for displaying the number of sales (for salespeople) and current stock
options (for managers). Now that each subclass can interpret what these virtual methods means to
itself, each object instance behaves as a more independent entity:

static void Main(string[] args)

// A better bonus system!
Manager chucky = new Manager("Chucky", 50, 92, 100000, "333-23-2322", 9000);
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chucky . GiveBonus (300);
chucky.DisplayStats();

SalesPerson fran = new SalesPerson("Fran", 43, 93, 3000, "932-32-3232", 31);
fran.GiveBonus(200);
fran.DisplayStats();

Revisiting the sealed Keyword

The sealed keyword can also be applied to type members to prevent virtual members from being
further overridden by derived types. This can be helpful when you do not wish to seal an entire
class, just a few select methods or properties.

For the sake of illustration, if we (for some reason) did wish to allow the PTSalesPerson class to be
extended by other classes but make sure those classes did not further override the virtual GiveBonus (),
we could write the following:

// This class can be extended;
// however, GiveBonus() cannot be overriden by derived classes.
public class PTSalesPerson : SalesPerson

{
public override sealed void GiveBonus(float amount)
{
}

}

Understanding Abstract Classes

Currently, the Employee base class has been designed to supply protected member variables for its
descendents, as well as supply two virtual methods (GiveBonus() and DisplayStats()) that may be
overridden by a given descendent. While this is all well and good, there is a rather odd byproduct of
the current design: You can directly create instances of the Employee base class:

// What exactly does this mean?
Employee X = new Employee();

In this example, the only real purpose of the Employee base class is to define common fields and
members for all subclasses. In all likelihood, you did not intend anyone to create a direct instance of
this class, reason being that the Employee type itself is too general of a concept. For example, if
I were to walk up to you and say, “I'm an employee!,” I would bet your very first question to me
would be,“What kind of employee are you?” (a consultant, trainer, admin assistant, copy editor,
White House aide, etc.).

Given that many base classes tend to be rather nebulous entities, a far better design for our
example is to prevent the ability to directly create a new Employee object in code. In C#, you can
enforce this programmatically by using the abstract keyword:

// Update the Employee class as abstract to prevent direct instantiation.
abstract public class Employee

{ ...}

With this, if you now attempt to create an instance of the Employee class, you are issued a compile-
time error:

// Exror! Can't create an instance of an abstract class.
Employee X = new Employee();
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Excellent! At this point you have constructed a fairly interesting employee hierarchy. We will
add a bit more functionaltiy to this application later in this chapter when examining C# casting
rules. Until then, Figure 4-9 illustrates the core design of our current types.

Figure 4-9. The completed employee hierarchy

Source Code The Employees project is included under the Chapter 4 subdirectory.

Enforcing Polymorphic Activity: Abstract Methods

When a class has been defined as an abstract base class, it may define any number of abstract
members (which is analogous to a C++ pure virtual function). Abstract methods can be used when-
ever you wish to define a method that does not supply a default implementation. By doing so, you
enforce a polymorphic trait on each descendent, leaving them to contend with the task of providing
the details behind your abstract methods.

The first logical question you might have is, “Why would I ever want to do this?” To understand
the role of abstract methods, let’s revisit the shapes hierarchy seen earlier in this chapter, extended
as shown in Figure 4-10.
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Figure 4-10. The shapes hierarchy

Much like the employee hierarchy, you should be able to tell that you don’t want to allow the
object user to create an instance of Shape directly, as it is too abstract of a concept. Again, to prevent
the direct creation of the Shape type, you could define it as an abstract class:

namespace Shapes
public abstract class Shape

// Shapes can be assigned a friendly pet name.
protected string petName;

// Constructors.
public Shape(){ petName = "NoName"; }
public Shape(string s) { petName = s;}

// Draw() is virtual and may be overridden.
public virtual void Draw()

{
Console.WriteLine("Shape.Draw()");
}
public string PetName
{
get { return petName;}
set { petName = value;}
}
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// Circle DOES NOT override Draw().
public class Circle : Shape

{
public Circle() { }
public Circle(string name): base(name) { }

}

// Hexagon DOES override Draw().
public class Hexagon : Shape

{
public Hexagon(){ }
public Hexagon(string name): base(name) { }
public override void Draw()
{
Console.WritelLine("Drawing {0} the Hexagon", petName);
}
}

Notice that the Shape class has defined a virtual method named Draw(). As you have just seen,
subclasses are free to redefine the behavior of a virtual method using the override keyword (as in
the case of the Hexagon class). The point of abstract methods becomes crystal clear when you under-
stand that subclasses are not required to override virtual methods (as in the case of Circle). Therefore,
if you create an instance of the Hexagon and Circle types, youd find that the Hexagon understands
how to draw itself correctly. The Circle, however, is more than a bit confused (see Figure 4-11 for
output):

// The Circle object did not override the base class implementation of Draw().
static void Main(string[] args)

{
Hexagon hex = new Hexagon("Beth");
hex.Draw();
Circle cir = new Circle("Cindy");
// Humm. Using base class implementation.
cir.Draw();
Console.ReadLine();

}

Figure 4-11. Virtual methods do not have to be overridden.

Clearly this is not a very intelligent design for the shapes heirarchy. To enforce that each child
class defines what Draw() means to itself, you can simply establish Draw() as an abstract method of
the Shape class, which by definition means you provide no default implementation whatsoever.
Note that abstract methods can only be defined in abstract classes. If you attempt to do otherwise,
you will be issued a compiler error:
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// Force all kids to figure out how to be rendered.
public abstract class Shape
{

// Draw() is now completely abstract (note semicolon).
public abstract void Draw();

Given this, you are now obligated to implement Draw() in your Circle class. If you do not,
Circle is also assumed to be a noncreatable abstract type that must be adorned with the abstract
keyword (which is obviously not very useful in this example):

// If we did not implement the abstract Draw() method, Circle would also be
// considered abstract, and could not be directly created!
public class Circle : Shape

{
public Circle(){ }
public Circle(string name): base(name) { }
// Now Circle must decide how to render itself.
public override void Draw()
{
Console.Writeline("Drawing {0} the Circle", petName);
}
}

To illustrate the full story of polymorphism, consider the following code:

// Create an array of various Shapes.
static void Main(string[] args)

{
Console.WriteLine("***** Fun with Polymorphism **¥*¥\n");
Shape[] myShapes = {new Hexagon(), new Circle(), new Hexagon("Mick"),
new Circle("Beth"), new Hexagon("Linda")};
// Loop over the array and ask each object to draw itself.
for(int i = 0; 1 < myShapes.length; i++)
myShapes[i].Draw();
Console.ReadLine();
}

Figure 4-12 shows the output.

Figure 4-12. Fun with polymorphism



CHAPTER 4 ' OBJECT-ORIENTED PROGRAMMING WITH C# 2.0

This Main() method illustrates polymorphism at its finest. Recall that when you mark a class as
abstract, you are unable to create a direct instance of that type. However, you can freely store references
to any subclass within an abstract base variable. As you iterate over the array of Shape references, it
is at runtime that the correct type is determined. At this point, the correct method is invoked.

Member Hiding

C# provides a facility that is the logical opposite of method overriding: member hiding. Formally
speaking, if a derived class redeclares an identical member inherited from a base class, the derived
class has hidden (or shadowed) the parent’s member. In the real world, this possibility is the greatest
when you are subclassing from a class you (or your team) did not create yourselves (for example, if
you purchase a third-party .NET software package).

For the sake of illustration, assume you receive a class named ThreeDCircle from a coworker
(or classmate) that currently derives from System.Object:

public class ThreeDCircle

{
public void Draw()
{
Console.WritelLine("Drawing a 3D Circle");
}
}

You figure that a ThreeDCircle “is-a” Circle, so you derive from your existing Circle type:

public class ThreeDCircle : Circle

{
public void Draw()
{
Console.WriteLine("Drawing a 3D Circle");
}
}

Once you recompile, you find the following warning shown in Visual Studio 2005 (see Figure 4-13).

Figure 4-13. Oops! ThreeDCircle.Draw() shadows Circle.Draw.

To address this issue, you have two options. You could simply update the parent’s version of
Draw() using the override keyword. With this approach, the ThreeDCircle type is able to extend the
parent’s default behavior as required.

As an alternative, you can prefix the new keyword to the offending Draw() member of the
ThreeDCircle type. Doing so explicitly states that the derived type’s implemention is intentionally
designed to hide the parent’s version (again, in the real world, this can be helpful if external .NET
software somehow conflicts with your current software).
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// This class extends Circle and hides the inherited Draw() method.
public class ThreeDCircle : Circle

// Hide any Draw() implementation above me.
public new void Draw()

{
}

Console.WritelLine("Drawing a 3D Circle");

You can also apply the new keyword to any member type inherited from a base class (field, con-
stant, static member, property, etc.). As a further example, assume that ThreeDCircle wishes to hide
the inherited petName field:

public class ThreeDCircle : Circle

{
new protected string petName;
new public void Draw()
{
Console.WriteLine("Drawing a 3D Circle");
}
}

Finally, be aware that it is still possible to trigger the base class implementation of a shadowed
member using an explicit cast (described in the next section). For example:

static void Main(string[] args)

{
ThreeDCircle o = new ThreeDCircle();
o.Draw(); // Calls ThreeDCircle.Draw()
((Circle)o).Draw(); // Calls Circle.Draw()

SomteCodeTmsmm%hkmchmbemmdwmmmemmMM4smmmdmy

C# Casting Rules

Next up, you need to learn the laws of C# casting operations. Recall the Employees hierarchy and the
fact that the topmost class in the system is System.0Object. Therefore, everything “is-a” object and
can be treated as such. Given this fact, it is legal to store an instance of any type within a object vari-
able:

// A Manager "is-a" System.Object.
object frank = new Manager("Frank Zappa", 9, 40000, "111-11-1111", 5);

In the Employees system, Managers, SalesPerson, and PTSalesPerson types all extend Employee,
so we can store any of these objects in a valid base class reference. Therefore, the following state-
ments are also legal:

// A Manager "is-a" Employee too.
Employee moonUnit = new Manager(“"MoonUnit Zappa", 2, 20000, "101-11-1321", 1);

// A PTSalesPerson "is-a" SalesPerson.
SalesPerson jill = new PTSalesPerson("Jill", 834, 100000, "111-12-1119", 90);
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The first law of casting between class types is that when two classes are related by an “is-a”
relationship, it is always safe to store a derived type within a base class reference. Formally, this is
called an implicit cast, as “it just works” given the laws of inheritance. This leads to some powerful
programming constructs. For example, if you have a class named TheMachine that supports the fol-
lowing static method:

public class TheMachine

{
public static void FireThisPerson(Employee e)
{
// Remove from database...
// Get key and pencil sharpener from fired employee...
}
}

you can effectively pass any descendent from the Employee class into this method directly, given the
“is-a” relationship:
// Streamline the staff.

TheMachine.FireThisPerson(moonUnit);  // "moonUnit" was declared as an Employee.
TheMachine.FireThisPerson(jill); // "jill" was declared as a SalesPerson.

The following code compiles given the implicit cast from the base class type (Employee) to the
derived type. However, what if you also wanted to fire Frank Zappa (currently stored in a generic
System.Object reference)? If you pass the frank object directly into TheMachine.FireThisPerson() as
follows:

// A Manager "is-a" object, but...
object frank = new Manager("Frank Zappa", 9, 40000, "111-11-1111", 5);

TheMachine.FireThisPerson(frank); // Error!

you are issued a compiler error. The reason is you cannot automatically treat a System.Object as
a derived Employee directly, given that Object “is-not-a” Employee. As you can see, however, the object
reference is pointing to an Employee-compatible object. You can satisfy the compiler by performing
an explicit cast.

In C#, explicit casts are denoted by placing parentheses around the type you wish to cast to, fol-
lowed by the object you are attempting to cast from. For example:

// Cast from the generic System.Object into a strongly
// typed Manager.

Manager mgr = (Manager)frank;
Console.WritelLine("Frank's options: {0}", mgr.NumbOpts);

If you would rather not declare a specific variable of “type to cast to,” you are able to condense
the previous code as follows:

// An "inline" explicit cast.
Console.WriteLine("Frank's options: {0}", ((Manager)frank).NumbOpts);

As far as passing the System.0bject reference into the FireThisPerson() method, the problem
can be rectified as follows:

// Explicitly cast System.Object into an Employee.
TheMachine.FireThisPerson((Employee)frank);

Note If you attempt to cast an object into an incompatable type, you receive an invalid cast exception at runtime.
Chapter 6 examines the details of structured exception handling.
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Determining the “Type of” Employee

Given that the static TheMachine.FireThisPerson() method has been designed to take any possible
type derived from Employee, one question on your mind may be how this method can determine
which derived type was sent into the method. On a related note, given that the incoming parameter
is of type Employee, how can you gain access to the specialized members of the SalesPerson and
Manager types?

The C# language provides three ways to determine whether a given base class reference is actually
referring to a derived type: explicit casting (previously examined), the is keyword, and the as keyword.
The is keyword is helpful in that it will return a Boolean that signals whether the base class reference
is compatible with a given derived type. Ponder the following updated FireThisPerson() method:

public class TheMachine

{
public static void FireThisPerson(Employee e)
{
if(e is SalesPerson)
{
Console.Writeline("Lost a sales person named {0}", e.GetFullName());
Console.WriteLine("{0} made {1} sale(s)...",
e.GetFullName(), ((SalesPerson)e).NumbSales);
if(e is Manager)
Console.WritelLine("Lost a suit named {0}", e.GetFullName());
Console.WriteLine("{0} had {1} stock options...",
e.GetFullName(), ((Manager)e).NumbOpts);
}
}
}

Here, you make use of the is keyword to dynamically determine the type of employee. To gain
access to the NumbSales and NumbOpts properties, you make use of an explicit cast. As an alternative,
you could make use of the as keyword to obtain a reference to the more derived type (if the types
are incompatible, the reference is set to null):

SalesPerson p = e as SalesPerson;
if(p != null)
Console.WritelLine("# of sales: {0}", p.NumbSales);

Note As you will see in Chapter 7, these same techniques (explicit cast, is, and as) can be used to obtain an
interface reference from an implementing type.

Numerical Casts

To wrap up our examination of C# casting operations, be aware that numerical conversions follow
more or less the same rules. If you are attempting to place a “larger” numerical type to a “smaller”
type (such as an integer into a byte), you must also make an explicit cast that informs the compiler
you are willing to accept any possible data loss:

// If "x" were larger than a byte's upper limit, data loss is almost certain;
// however, in Chapter 9 you will learn about "checked exceptions,” which

// can alter the outcome.

int x = 6;

byte b = (byte)x;
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However, when you are storing a “smaller” numerical type into a “larger” type (such as a byte to
an integer), the type is implicitly cast on your behalf, as there is no loss of data:

// No need to cast, as an int is big enough to store a byte.
byte b = 30;
int x = b;

Understanding C# Partial Types

C# 2005 introduces a new type modifer named partial that allows you to define a C# type across
multiple *.cs files. Earlier versions of the C# programming language required all code for a given
type be defined within a single *.cs file. Given the fact that a production-level C# class may be hun-
dreds of lines of code (or more), this can end up being a mighty long file indeed.

In these cases, it would be ideal to partition a type’s implementation across numerous C# files
in order to separate code that is in some way more important for other details. For example, using
the partial class modifer, you could place all public members in a file named MyType_Public.cs,
while the private field data and private helper functions are defined within MyType Private.cs:

// MyClass_Public.cs
namespace PartialTypes

{
public partial class MyClass

// Constructors.
public MyClass() { }

// A1l public members.

public void MemberA() { }
public void MemberB() { }

}

// MyClass_Private.cs
namespace PartialTypes

{
public partial class MyClass
{
// Private field data.
private string someStringData;
// All private helper members.
public static void SomeStaticHelper() { }
}
}

As you might guess, this can be helpful to new team members who need to quickly learn about
the public interface of the type. Rather than reading though a single (lengthy) C# file to find the
members of interest, they can focus on the public members. Of course, once these files are com-
piled by csc.exe, the end result is a single unified type (see Figure 4-14).
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Figure 4-14. Once compiled, partial types are no longer partial.

Note As you will see during our examination of Windows Forms and ASP .NET, Visual Studio 2005 makes use
of the partial keyword to partition code generated by the IDE’s designer tools. Using this approach, you can keep
focused on your current solution, and be blissfully unaware of the designer-generated code.

Source Code The PartialTypes project can be found under the Chapter 4 subdirectory.

Documenting C# Source Code via XML

To wrap this chapter up, the final task is to examine specific C# comment tokens that yield XML-
based code documentation. If you have a background in Java, you are most likely familiar with the

javadoc utility. Using javadoc, you are able to turn Java source code into a corresponding HTML

representation. The C# documentation model is slightly different, in that the “code comments to
XML” conversion process is the job of the C# compiler (via the /doc option) rather than a stand-
alone utility.

So, why use XML to document our type definitions rather than HTML? The main reason is that
XML is a very “enabling technology.” Given that XML separates the definition of data from the pres-
entation of that data, we can apply any number of XML transformations to the underlying XML to
display the code documentation in a variety of formats (MSDN format, HTML, etc).

When you wish to document your C# types in XML, your first step is to make use of one of two
notations, the triple forward slash (///) or a delimited comment that begins with a single forward
slash and two stars (/**) and ends with a single star-slash combo (*/). Once a documentation comment
has been declared, you are free to use any well-formed XML elements, including the recommended
set shown in Table 4-1.



CHAPTER 4 ' OBJECT-ORIENTED PROGRAMMING WITH C# 2.0

Table 4-1. Recommended Code Comment XML Elements

Predefined XML

Documentation Element

Meaning in Life

<> Indicates that the following text should be displayed in a specific “code font”
<code> Indicates multiple lines should be marked as code
<example> Mocks up a code example for the item you are describing
<exception> Documents which exceptions a given class may throw
<list> Inserts a list or table into the documentation file

<param> Describes a given parameter

<paramref> Associates a given XML tag with a specific parameter
<permission> Documents the security constraints for a given member
<remarks> Builds a description for a given member

<returns> Documents the return value of the member

<see> Cross-references related items in the document
<seealso> Builds an “also see” section within a description
<summary> Documents the “executive summary” for a given member
<value> Documents a given property

As a concrete example, here is a definition of a type named Car (note the use of the <summary>

and <param> elements):

/// <summary>
/// This is a simple Car that illustrates
/// working with XML style documentation.
/// </summary>
public class Car
{

/// <summary>

/// Do you have a sunroof?

/// </summary>

private bool hasSunroof = false;

/// <summary>

/// The ctor lets you set the sunroofedness.
/// </summary>

/// <param name="hasSunroof"> </param>
public Car(bool hasSunroof)

this.hasSunroof = hasSunroof;

}

/// <summary>

/// This method allows you to open your sunroof.
/// </summary>

/// <param name="state"> </param>

public void OpenSunroof(bool state)

if(state == true && hasSunroof == true)
Console.WritelLine("Put sunscreen on that bald head!");
else
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Console.WriteLine("Sorry...you don't have a sunroof.");

The program’s Main() method is also documented using select XML elements:

/// <summary>
/// Entry point to application.
/// </summary>
static void Main(string[] args)

{

Car ¢ = new Car(true);
c.OpenSunroof(true);

}

If you are building your C# programs using csc.exe, the /doc flag is used to generate a specified
*.xml file based on your XML code comments:

csc /doc:XmlCarDoc.xml *.cs

Visual Studio 2005 allows you to specify the name of an XML documentation file using the
Build tab of the Properties window (see Figure 4-15).

Figure 4-15. Generating an XML documentation file using Visual Studio 2005

XML Code Comment Format Characters

If you were now to open the generated XML file, you will notice that the elements are qualified by
numerous characters such as “M”, “T”, “F”, and so on. For example:

<member name="T:XmlDocCar.Car">
<summary>
This is a simple Car that illustrates
working with XML style documentation.
</summary>
</member>

Table 4-2 describes the meaning behind these tokens.
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Table 4-2. XML Format Characters

Format Character Meaning in Life

Item denotes an event.

Item represents a field.

Item represents a method (including constructors and overloaded operators).
Item denotes a namespace.

Item represents type properties (including indexes).

H9Z =2 oM

Item represents a type (e.g., class, interface, struct, enum, delegate).

Transforming XML Code Comments

Previous versions of Visual Studio 2005 (Visual Studio .NET 2003 in particular) included a very help-
ful tool that would transform XML code documentation files into an HTML-based help system. Sadly,

Visual Studio 2005 does not ship with this utility, leaving us with a raw XML document. If you are

comfortable with the ins and outs of XML transformations, you are, of course, free to manually cre-

ate your own style sheets.

A simpler alternative, however, are the numerous third-party tools that will translate an XML code
file into various helpful formats. For example, recall from Chapter 2 that the NDoc application gen-
erates documentation in several different formats. Again, information regarding NDoc can be found
athttp://ndoc.sourceforge.net.

Source Gode The XmIDocCar project can be found under the Chapter 4 subdirectory.

Summary

If you already come to the universe of .NET from another object-oriented language, this chapter
may have been more of a quick compare and contrast between your current language of choice and
C#. On the other hand, if you are exploring OOP for the first time, you may have found many of the
concepts presented here a bit confounding. Fear not; as you work through the remainder of this book,
you will have have numerous opportunities to solidify the concepts presented here.

This chapter began with a review of the pillars of OOP: encapsulation, inheritance, and poly-
morphism. Encapsulation services can be accounted for using traditional accessor/mutator methods,
type properties, or read-only public fields. Inheritance under C# could not be any simpler, given
that the language does not provide a specific keyword, but rather makes use of the simple colon
operator. Last but not least, you have polymorphism, which is supported via the abstract, virtual,
override, and new keywords.
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CHAPTER 5

Understanding Object Lifetime

In the previous chapter, you learned a great deal about how to build custom class types using C#.
Here, you will come to understand how the CLR is managing allocated objects via garbage collection.
C# programmers never directly deallocate a managed object from memory (recall there is no
“delete” keyword in the C# language). Rather, .NET objects are allocated onto a region of memory
termed the managed heap, where they will be automatically destroyed by the garbage collector at
“some time in the future.”

Once you have examined the core details of the collection process, you will learn how to program-
matically interact with the garbage collector using the System.GC class type. Next you examine how the
virtual System.Object.Finalize() method and IDisposable interface can be used to build types that
release internal unmanaged resources in a timely manner. By the time you have completed this chap-
ter, you will have a solid understanding of how .NET objects are managed by the CLR.

Classes, Objects, and References

To frame the topics examined in this chapter, it is important to further clarify the distinction between
classes, objects, and references. Recall from the previous chapter that a class is nothing more than
a blueprint that describes how an instance of this type will look and feel in memory. Classes, of course,
are defined within a code file (which in C# takes a *. cs extension by convention). Consider a simple
Car class defined within Car.cs:

// Car.cs
public class Car

{

private int currSp;
private string petName;

public Car(){}
public Car(string name, int speed)
{

petName = name;

currSp = speed;

public override string ToString()

{
return string.Format("{0} is going {1} MPH",
petName, currSp);
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Once a class is defined, you can allocate any number of objects using the C# new keyword. Under-
stand, however, that the new keyword returns a reference to the object on the heap, not the actual object
itself. This reference variable is stored on the stack for further use in your application. When you wish to
invoke members on the object, apply the C# dot operator to the stored reference:

class Program
{
static void Main(string[] args)
{
// Create a new Car object on
// the managed heap. We are
// returned a reference to this
// object ('refToMyCar').
Car refToMyCar = new Car("Zippy", 50);

// The C# dot operator (.) is used

// to invoke members on the object

// using our reference variable.
Console.Writeline(refToMyCar.ToString());
Console.ReadlLine();

Figure 5-1 illustrates the class, object, and reference relationship.

Stack Managed Heap
Car
refToMyCar Object

Figure 5-1. References to objects on the managed heap

The Basics of Object Lifetime

When you are building your C# applications, you are correct to assume that the managed heap will
take care of itself without your direct intervention. In fact, the golden rule of NET memory manage-
ment is simple:

¢ Rule: Allocate an object onto the managed heap using the new keyword and forget about it.

Once “new-ed,” the garbage collector will destroy the object when it is no longer needed. The next
obvious question, of course, is, “How does the garbage collector determine when an object is no longer
needed”? The short (i.e., incomplete) answer is that the garbage collector removes an object from the
heap when it is unreachable by any part of your code base. Assume you have a method that allocates
alocal Car object:

public static void MakeACar()
// If myCar is the only reference to the Car object,

// it may be destroyed when the method returns.
Car myCar = new Car();
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Notice that the Car reference (myCar) has been created directly within the MakeACar () method
and has not been passed outside of the defining scope (via a return value or ref/out parameters).
Thus, once this method call completes, the myCar reference is no longer reachable, and the associ-
ated Car object is now a candidate for garbage collection. Understand, however, that you cannot
guarantee that this object will be reclaimed from memory immediately after MakeACar () has com-
pleted. All you can assume at this point is that when the CLR performs the next garbage collection,
the myCar object could be safely destroyed.

As you will most certainly discover, programming in a garbage-collected environment will greatly
simplify your application development. In stark contrast, C++ programmers are painfully aware that if
they fail to manually delete heap-allocated objects, memory leaks are never far behind. In fact, tracking
down memory leaks is one of the most time-consuming (and tedious) aspects of programming with
unmanaged languages. By allowing the garbage collector to be in charge of destroying objects, the bur-
den of memory management has been taken from your shoulders and placed onto those of the CLR.

Note If you happen to have a background in COM development, do know that .NET objects do not maintain an
internal reference counter, and therefore managed objects do not expose methods such as AddRef() or Release().

The CIL of new

When the C# compiler encounters the new keyword, it will emit a CIL newobj instruction into the method
implementation. If you were to compile the current example code and investigate the resulting assem-
bly using ildasm.exe, you would find the following CIL statements within the MakeACar () method:

.method public hidebysig static void MakeACar() cil managed

// Code size 7 (0x7)
.maxstack 1
.locals init ([0] class SimpleFinalize.Car c)
IL 0000: newobj instance void SimpleFinalize.Car::.ctor()
IL_0005: stloc.o
IL_0006: ret
} // end of method Program::MakeACar

Before we examine the exact rules that determine when an object is removed from the managed
heap, let’s check out the role of the CIL newobj instruction in a bit more detail. First, understand that
the managed heap is more than just a random chunk of memory accessed by the CLR. The .NET
garbage collector is quite a tidy housekeeper of the heap, given that it will compact empty blocks of
memory (when necessary) for purposes of optimization. To aid in this endeavor, the managed heap
maintains a pointer (commonly referred to as the next object pointer or new object pointer) that iden-
tifies exactly where the next object will be located.

These things being said, the newobj instruction informs the CLR to perform the following core tasks:

* Calculate the total amount of memory required for the object to be allocated (including the
necessary memory required by the type’s member variables and the type’s base classes).

* Examine the managed heap to ensure that there is indeed enough room to host the object to be
allocated. If this is the case, the type’s constructor is called, and the caller is ultimately returned
areference to the new object in memory, whose address just happens to be identical to the last
position of the next object pointer.

e Finally, before returning the reference to the caller, advance the next object pointer to point
to the next available slot on the managed heap.

The basic process is illustrated in Figure 5-2.
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Managed Heap

static void Main() cc
{ 1
Car c1 = new Car(); . .
Car 2 = new Car(); Next object pointer

}

Figure 5-2. The details of allocating objects onto the managed heap

As you are busy allocating objects in your application, the space on the managed heap may even-
tually become full. When processing the newobj instruction, if the CLR determines that the managed
heap does not have sufficient memory to allocate the requested type, it will perform a garbage collec-
tion in an attempt to free up memory. Thus, the next rule of garbage collection is also quite simple.

* Rule: If the managed heap does not have sufficient memory to allocate a requested object,
a garbage collection will occur.

When a collection does take place, the garbage collector temporarily suspends all active threads
within the current process to ensure that the application does not access the heap during the collec-
tion process. We will examine the topic of threads in Chapter 14; however, for the time being, simply
regard a thread as a path of execution within a running executable. Once the garbage collection cycle
has completed, the suspended threads are permitted to carry on their work. Thankfully, the .NET
garbage collector is highly optimized; you will seldom (if ever) notice this brief interruption in your
application.

The Role of Application Roots

Now, back to the topic of how the garbage collector determines when an object is “no longer needed.”
To understand the details, you need to be aware of the notion of application roots. Simply put, a root is
a storage location containing a reference to an object on the heap. Strictly speaking, a root can fall into
any of the following categories:

» References to global objects (while not allowed in C#, CIL code does permit allocation of
global objects)

» References to currently used static objects/static fields

* References to local objects within a given method

» References to object parameters passed into a method

» References to objects waiting to be finalized (described later in this chapter)

¢ Any CPU register that references a local object

During a garbage collection process, the runtime will investigate objects on the managed heap
to determine if they are still reachable (aka rooted) by the application. To do so, the CLR will build an
object graph, which represents each reachable object on the heap. Object graphs will be seen again
during our discussion of object serialization (Chapter 17). For now, just understand that object graphs
are used to document all reachable objects. As well, be aware that the garbage collector will never

graph the same object twice, thus avoiding the nasty circular reference count found in classic COM
programming.
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Assume the managed heap contains a set of objects named A, B, C, D, E, E and G. During a garbage
collection, these objects (as well as any internal object references they may contain) are examined
for active roots. Once the graph has been constructed, unreachable objects (which we will assume
are objects C and F) are marked as garbage. Figure 5-3 diagrams a possible object graph for the scenario
just described (you can read the directional arrows using the phrase depends on or requires, for example,
“E depends on G and indirectly B,” “A depends on nothing,” and so on).

Managed Heap

A B | C D E F |G

Next object pointer

ONO
©

Figure 5-3. Object graphs are constructed to determine which objects are reachable by application roots.

Once an object has been marked for termination (C and F in this case—as they are not accounted
for in the object graph), they are swept from memory. At this point, the remaining space on the heap is
compacted, which in turn will cause the CLR to modify the set of active application roots to refer to
the correct memory location (this is done automatically and transparently). Last but not least, the next
object pointer is readjusted to point to the next available slot. Figure 5-4 illustrates the resulting
readjustment.

Managed Heap

A B D E |G

Next object pointer

Figure 5-4. A clean and compacted heap

Note Strictly speaking, the garbage collector makes use of two distinct heaps, one of which is specifically
used to store very large objects. This heap is less frequently consulted during the collection cycle, given possible
performance penalties involved with relocating large objects. Regardless of this fact, it is safe to consider the
“managed heap” as a single region of memory.
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Understanding Object Generations

When the CLR is attempting to locate unreachable objects, is does not literally examine each and
every object placed on the managed heap. Obviously, doing so would involve considerable time,
especially in larger (i.e., real-world) applications.

To help optimize the process, each object on the heap is assigned to a specific “generation.” The
idea behind generations is simple: The longer an object has existed on the heap, the more likely it is
to stay there. For example, the object implementing Main() will be in memory until the program
terminates. Conversely, objects that have been recently placed on the heap are likely to be unreachable
rather quickly (such as an object created within a method scope). Given these assumptions, each
object on the heap belongs to one of the following generations:

* Generation 0: Identifies a newly allocated object that has never been marked for collection

* Generation I:1dentifies an object that has survived a garbage collection (i.e., it was marked for
collection, but was not removed due to the fact that the sufficient heap space was acquired)

* Generation 2: Identifies an object that has survived more than one sweep of the garbage
collector

The garbage collector will investigate all generation 0 objects first. If marking and sweeping these
objects results in the required amount of free memory, any surviving objects are promoted to genera-
tion 1. To illustrate how an object’s generation affects the collection process, ponder Figure 5-5, which
diagrams how a set of surviving generation 0 objects (A, B, and E) are promoted once the required
memory has been reclaimed.

Gen 0

Figure 5-5. Generation 0 objects that survive a garbage collection are promoted to generation 1.

If all generation 0 objects have been evaluated, but additional memory is still required, gen-
eration 1 objects are then investigated for their “reachability” and collected accordingly. Surviving
generation 1 objects are then promoted to generation 2. If the garbage collector still requires
additional memory, generation 2 objects are then evaluated for their reachability. At this point, if
a generation 2 object survives a garbage collection, it remains a generation 2 object given the pre-
defined upper limit of object generations.

The bottom line is that by assigning a generational value to objects on the heap, newer objects
(such as local variables) will be removed quickly, while older objects (such as a program’s application
object) are not “bothered” as often.
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The System.GC Type

The base class libraries provide a class type named System.GC that allows you to programmatically
interact with the garbage collector using a set of static members. Now, do be very aware that you
will seldom (if ever) need to make use of this type directly in your code. Typically speaking, the only
time you will make use of the members of System.GC is when you are creating types that make use of
unmanaged resources. Table 5-1 provides a rundown of some of the more interesting members (con-
sult the NET Framework 2.0