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Foreword

In the early days of development of the .NET Framework, before it was
even called that, I spent countless hours with members of the development
teams reviewing designs to ensure that the final result would be a coherent
platform. I have always felt that a key characteristic of a framework must
be consistency. Once you understand one piece of the framework, the
other pieces should be immediately familiar. _

As you might expect from a large team of smart people, we had many
differences of opinion—there is nothing like coding conventions to spark
lively and heated debates. However, in the name of consistency, we gradu-
ally worked out our differences and codified the result into a common set
of guidelines that allow programmers to understand and use the Frame-
work easily.

Brad Abrams, and later Krzysztof Cwalina, helped capture these guide-
lines in a living document that has been continuously updated and refined
during the past six years. The book you are holding is the result of their
work.

The guidelines have served us well through three versions of the .NET
Framework and numerous smaller projects, and they are guiding the
development of WinFX, the next generation of APIs for the Microsoft Win-
dows operating system.



x FOREWORD

With this book, I hope.and expect that you will also be successful in
making your frameworks, class libraries, and components easy to under-
stand and use.

Good luck and happy designing.

Anders Hejlsberg
Redmond, WA
June 2005
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Preface

This book, Framework Design Guidelines, presents best practices for design-
ing frameworks, which are reusable object-oriented libraries. The guide-
lines are applicable to frameworks ranging in size and in their scale of
reuse:

+ Large system frameworks, such as the NET Framework, usually con-
sisting of thousands of types and used by millions of developers.

e Medium-size reusable layers of large distributed applications
or extensions to system frameworks, such as the Web Services
Enhancements.

* Small components shared among several applications; for example, a
grid control library.

It is worth noting that this book focuses on design issues that directly
affect the programmability of a framework (publicly accessible APIs). As a
result, we generally do not cover much in terms of implementation details.
Just like a user interface design book doesn’t cover the details of how to
implement hit testing, this book does not describe how to implement a
binary sort, for example. This scope allows us to provide a definitive guide
for framewprk designers instead of being yet another book about pro-
gramming,.

These guidelines were created in the early days of .NET Framework
development. They started as a small set of naming and design conven-
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tions but have been enhanced, scrutinized, and refined to a point where
they are generally considered the canonical way to design frameworks at
Microsoft. They carry the experience and cumulative wisdom of thou-
sands of developer hours over three versions of the .NET Framework. We
tried to avoid basing the text purely on some idealistic design philoso-
phies, and we think its day-to-day use by development teams at Microsoft
has made it an intensely pragmatic book.

The book contains many annotations that explain trade-offs, explain
history, amplify, or provide critiquing views on the guidelines. These
annotations are written by experienced framework designers, industry
experts, and users. They are the stories from the trenches that add color
and setting for many of the guidelines presented.

To make them more easily distinguished in text, namespace names,
classes, interfaces, methods, properties, and types are set in monospace
font.

The book assumes basic familiarity with .NET Framework program-
ming. A few guidelines assume familiarity with features introduced in ver-
sion 2.0 of the Framework: If you are looking for a good introduction to
Framework programming, there are some excellent suggestions in the Sug-
gested Reading List at the end of the book.

Guideline Presentation

The guidelines are organized as simple recommendations using Do, Con-
sider, Avoid, and Do not. Each guideline describes either a good or bad
practice and all have a consistent presentation. Good practices have a Vin
front of them, and bad practices have an X in front of them. The wording of
each guideline also indicates how strong the recommendation is. For
example, a Do guideline is one that should always! be followed (all exam-
ples are from this book):

¢ DO name custom attribute classes with the suffix “Attribute.”

1. Always might be a bit too strong a word. There are guidelines that should literally be
always followed, but they are extremely rare. On the other hand, you probably need to
have a really unusual case for breaking a “Do” guideline and still have it be beneficial to
the users of the framework.
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public class ObsoleteAttribute : Attribute { .. }

On the other hand, Consider guidelines should generally be followed,
but if you fully understand the reasoning behind a guideline and have a
good reason to not follow it anyway, you should not feel bad about break-
ing the rules:

v/ CONSIDER defining a struct instead of a class if instances of the type are
small and commonly short-lived or are commonly embedded in other

objects.

Similarly, Do not guidelines indicate something you should almost never
do:

X DO NOT assign instances of mutable types to read-only fields.

Less strong, Avoid guidelines indicate that something is generally not a
good idea, but there are known cases where breaking the rule makes sense:

X AVOID using TCollection<T> or ICollection as a parameter just to
access the Count property.

Some more complex guidelines are followed with additional background
information, illustrative code samples, and rationale:

v o implement IEquatable<T> on value types.
The Object.Equals method on value types causes boxing and its
default implementation is not very efficient because it uses reflection.
IEquatable<T>.Equals can offer much better performance and can
be implemented so it does not cause boxing.

public struct Int32 : IEquatable<Int32> (
public bool Equals(Int32 other){ ..}
}

Language Choice and Code Examples

One of the goals of the Common Language Runtime is to support a variety
of programming languages: those provided by Microsoft, such as C++, VB,
and C#, as well as third-party languages such as Eiffel, COBOL, Python,
and others. Therefore, this book was written to be applicable to a broad set
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of languages that can be used to develop and consume modern frame-
works.

To reinforce the message of multilanguage framework design, we con-
sidered writing code examples using several different programming lan-
guages. However, we decided against this. We felt that using different
languages would help to carry the philosophical message, but it could
force readers to learn several new languages, which is not the objective of
this book.

We decided to choose a single language that is most likely to be read-
able to the broadest range of developers. We picked C#, because it is a sim-
ple language from the C family of languages (C, C++, Java, and C#), a
family with a rich history in framework development.

Choice of language is close to the hearts of many developers, and we
offer apologies to those who are uncomfortable with our choice.

About This Book

This book offers guidelines for framework design from the top down.

Chapter 1 is a brief introduction to the book, describing the general phi-
losophy of framework design. This is the only chapter without guidelines.

Chapter 2, “Framework Design Fundamentals,” offers principles and
guidelines that are fundamental to overall framework design.

Chapter 3, “Naming Guidelines,” contains naming guidelines for vari-
ous parts of a framework, such as namespaces, types, members, and com-
mon design idioms.

Chapter 4, “Type Design Guidelines,” provides guidelines for the gen-
eral design of types. '

Chapter 5, “"Member Design,” takes it a step further and presents guide-
lines for the design of members of types.

Chapter 6, “Designing for Extensibility,” presents issues and guidelines
that are important to ensure appropriate extensibility in your framework.

Chapter 7, “Exceptions,” presents guidelines for working with excep-
tions, the preferred error reporting mechanisms.

Chapter 8, “Usage Guidelines,” contains guidelines for extending and
using types that commonly appear in frameworks.
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Chapter 9, “Common Design Patterns,” offers guidelines and examples
of common framework design patterns.

Appendix A contains a short description of coding conventions used in
this book.

Appendix B describes a tool called FxCop. The tool can be used to ana-
lyze framework binaries for compliance with the guidelines described in
this book. A link to the tool is included on the DVD that accompanies this
book.

Appendix C is an example of an API specification that framework
designers within Microsoft create when designing APIs.

Included with the book is a DVD that contains several hours of video
presentations covering topics presented in this book by the authors, a sam-
ple API specification, and other useful resources.



s

I

n
Acknowledgments

This book, by its nature, is the collected wisdom of many hundreds of peo-
ple, and we are deeply grateful to all of them.

Many people within Microsoft have worked long and hard, over a
period of years, proposing, debating, and finally, writing many of these
guidelines. Although it is impossible to name everyone who has been
involved, a few deserve special mention: Chris Anderson, Erik Chris-
tensen, Jason Clark, Joe Duffy, Patrick Dussud, Anders Hejlsberg, Jim
Miller, Michael Murray, Lance Olson, Eric Gunnerson, Dare Obasanjo,
Steve Starck, and Kit George.

We also need to thank the many people who both reviewed and pro-
vided annotations to this book: Mark Alcazar, Chris Anderson, Christo-
pher Brumme, Jason Clark, Steven Clarke, Joe Duffy, Patrick Dussud,
Michael Fanning, Jan Gray, Brian Grunkemeyer, Eric Gunnerson, Anders
Hejlsberg, Rico Mariani, Anthony Moore, Vance Morrison, Dare Obasanjo,
Brian Pepin, Jon Pincus, Brent Rector, Chris Sells, Steve Starck, Herb Sut-
ter, Clemens Szyperski, Jeffrey Richter, and Paul Vick.

Sheridan Harrison actually wrote and edited Appendix B on FxCop,
which would not have been done without her time and skill.

For all of the help, reviews, and support, both technical and moral, we
thank Martin Heller, the series editor for Addison-Wesley’s Microsoft
NET Development Series. And for their insightful and helpful comments,
we appreciate Pierre Nallet, George Byrkit, Khristof Falk, Paul Besley, Bill
Wagner, and Peter Winkler.



xvii ACKNOWLEDGMENTS

John Montgomery sponsored this project, and it could not have been
done without him.

We would also like to give special thanks to Susann Ragsdale who
turned this book from a semi-random collection of disconnected thoughts
into seamlessly flowing prose. Her flawless writing, patience, and fabu-
lous sense of humor made the process of writing this book so much easier.



b

m
About the Authors

Krzysztof Cwalina is a program manager on the Common Language
Runtime team at Microsoft. He started his career at Microsoft designing
APIs for the first release of the .NET Framework. He has been responsible
for several namespaces in the Framework, including System.Collec-
tions, System.Diagnostics, System.Messaging, and others. He was
also one of the original members of the FxCop team. Currently, he is lead-
ing a companywide effort to develop, promote, and apply the design
guidelines to the NET Framework and WinFX. Krzysztof graduated with
a B.S. and an M.S. in computer science from the University of lowa.

Brad Abrams was a founding member of both the Common Language
Runtime and .NET Framework teams at Microsoft Corporation, where he
is a currently Lead Program Manager and has been designing parts of the
NET Framework since 1998. Brad started his framework design career
building the Base Class Library (BCL) that ships as a core part of the NET
Framework. Brad was also the lead editor on the Common Language Spec-
ification (CLS), the .NET Framework Design Guidelines, and the libraries
in the ECMAN\ISO CLI Standard.

Brad has been involved from the beginning with the work on WinFX
and Windows Vista. His primary role is ensuring that the consistency and
developer productivity of the .NET Framework continues throughout
Windows Vista and beyond.

Brad coauthored Programming in the NET Environment, and was editor
of .NET Framework Standard Library Annotated Reference (Volumes 1 and 2).



