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Foreword
      

      It’s difficult for me to write this foreword, not because the road to LINQ was long and arduous or that I’m teary-eyed, wrought
         with emotion, or finding it difficult to compose just the right the words for a send-off worthy of a product that I’ve poured
         my very soul into. It’s difficult because I know that this is going to be a well-respected book and I’m finding it tricky
         to work in a punch line.
      

      For me the LINQ project started years before anything official, back when I was involved in plotting and scheming over a new
         managed ADO. Back then, a few very smart developers had the audacity to suggest shucking off the chains of traditional data
         access APIs and designing around the ubiquity of objects and metadata that were fundamental to the new runtime—the Java runtime.
         Unfortunately, none of that happened. The traditionalists won, and at the time I was one of them. Yet what I gained from that
         experience was a perspective that data belongs at the heart of any programming system, not bolted on as an afterthought. It made sense that in a system based on objects, data should
         be objects too. But getting there was going to take overcoming a lot of challenges.
      

      As an engineer, I was at the center of the advancements happening inside Microsoft, designing new APIs and influencing language
         features that would move us forward. Many of these never made it all the way to shipping products, yet each attempt was a
         step in the right direction. LINQ is a culmination of these endeavors, of battles fought and lessons learned. It is born out
         of an accretion of insights from a group of my peers, draws upon existing theories and techniques from computer science at
         large, and would never have come together without the clear-cut wisdom and attention to detail that is Anders Hejlsberg.
      

      Of course, there were all of you too. LINQ was shaped significantly by the community of developers discussing it on forums
         and blogs. The ability to receive such immediate feedback was like turning on the lights in a darkened room. It was also energizing
         to watch as the spark caught fire in so many of you, how you became experts and evangelists, gave talks, wrote articles, and
         inspired each other.
      

      That’s why this book is so important. Fabrice, Jim, and Steve were a large part of that community and have captured its essence
         within the pages of their book. LINQ in Action is a book from the people to the people. It’s as if they had decided to throw a party for LINQ and everyone who’s anyone
         showed up.
      

      So read on, enjoy, and don’t waste time waiting in line for the punch.

      MATT WARREN

      PRINCIPAL ARCHITECT

      MICROSOFT

      



Preface
      

      I chose software development as the way to make a living mainly because it’s a technology that is constantly evolving. There’s
         always something new to learn. No chance of getting bored in this line of work! In addition to learning, I also enjoy teaching
         software development. Writing LINQ in Action was a good opportunity to both learn and teach at the same time.
      

      When we started writing this book, LINQ was still an early prototype. We followed its evolution as it was taking shape. There
         was a lot to discover and a lot to understand. This is part of a software developer’s everyday job. We have to stay up-to-date
         with the technologies we use and learn new ones as they come out. The software development environment is evolving at an increasingly
         fast pace, and I don’t see any signs that that’s going to change.
      

      .NET is a fast-moving environment. Over the last couple of years, we’ve seen two major releases of the .NET Framework, and
         several companion technologies have appeared: Windows Presentation Foundation, Windows Communication Foundation, Windows Workflow
         Foundation, ASP.NET AJAX, Silverlight, and LINQ have joined our developer toolbox. Another trend in .NET is the multiplication
         of programming languages. F#, which will receive the same support as C# or VB.NET in Visual Studio, introduces functional
         programming in .NET. Dynamic languages, such as Python and Ruby, are going to be supported by the .NET Dynamic Language Runtime.
      

      In coming years, we’ll have to deal with more programming languages than the ones we currently master. An advantage of C#,
         Visual Basic, and the other .NET languages is that they are constantly adapting. C# and VB.NET have been improved in their
         latest versions to offer support for language-integrated querying through LINQ.
      

      In addition to offering novel approaches to deal with data, LINQ represents a shift toward declarative and functional programming.
         When people ask me for reasons to learn LINQ, I tell them that they should learn it in order to be able to use it with XML,
         relational data, or in-memory collections, but above all to be able to start using declarative programming, deferred execution,
         and lambda expressions.
      

      Start learning LINQ now! When you do, you’ll not only learn how to use this new technology, but you’ll also discover where
         programming is heading. One of our main goals with LINQ in Action was to help you fully comprehend the new approaches associated with LINQ.
      

      FABRICE MARGUERIE
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About This Book
      

      Welcome to LINQ in Action. This book is an introduction to the Microsoft .NET LINQ technology and the rich toolset that comes with it.
      

      LINQ stands for Language INtegrated Query. In a nutshell, it makes query operations like SQL statements into first-class citizens in .NET languages like C# and VB.
         LINQ offers built-in support for querying in-memory collections such as arrays or lists, XML, DataSets, and relational databases.
         But LINQ is extensible and can be used to query various data sources.
      

      Our goal with this book is to help developers who have an existing knowledge of the .NET Framework and the C# or VB.NET language
         to discover the concepts introduced by LINQ and gain a complete understanding of how the technology works, as well as how
         to make the best of it in their projects.
      

      LINQ in Action covers the entire LINQ spectrum. From Hello World code samples and the new C# 3.0 and VB.NET 9.0 features to LINQ’s extensibility
         and a tour of all the LINQ providers, this book has everything you need to get up to speed with LINQ and to be able to create
         applications that take advantage of it.
      

      We believe this book provides the right mix of theory and examples. We made sure to keep the focus on the practical side of
         things, because we think that nothing’s better than a hands-on exploration of the technology. Several additions have been
         made to the C# and VB.NET languages, as well as to the .NET class library. But fear not: These language innovations aren’t
         difficult to grasp when you have the right code sample in front of you.
      

      We’ll guide you along as you make your way through this new world where beasts like lambda expressions, query operators, and expression trees live. You’ll discover all the basics of LINQ that’ll help you form a clear understanding of the complete LINQ toolset. We’ll
         also provide a presentation of the common use cases for all the flavors of LINQ. Whether you want to use LINQ to query objects,
         XML documents, or relational databases, you’ll find all the information you’ll need. But we won’t stop at the basic code.
         We’ll also show you how LINQ can be used for advanced data processing. This includes coverage of LINQ’s extensibility, which
         allows us to query more data sources than those supported by default.
      

      In order to base our code samples on concrete business classes, we’ll use a running example. This example, LinqBooks, is a
         personal book-cataloging system. This means that the LINQ queries you’ll see throughout the book will deal with objects such
         as Book, Publisher, and Author. The running example we’ve chosen is broad enough to involve all aspects of LINQ. We’ll progressively build the sample application
         throughout the chapters, finishing with a complete application in the last chapter.
      

      
Who should read this book
      

      This book targets the .NET developer audience. Whether you don’t know much about LINQ yet or you already have a good knowledge
         of it, this book is for you.
      

      In order to fully appreciate this book, you should already know C# or VB.NET, ideally C# 2.0 or VB.NET 8.0.

      
How the book is organized
      

      This book has been written so that you can choose what you want to read and how you want to read it. It has 5 parts, 13 chapters,
         an appendix, a list of resources, and a bonus chapter.
      

      Part 1 introduces LINQ and its toolset. It also helps you to write your first LINQ queries. If LINQ is new to you or if you want to make sure that you have all
         the background information required to correctly understand LINQ code, the first part of this book is for you. If you’re already
         familiar with LINQ and have a firm grasp on the new features of C# 3.0 and VB.NET 9.0, feel free to skip the first chapters and jump directly to other parts of the book that
         are related to specific uses of LINQ. If you want to understand where LINQ comes from, before you dive in, you may be interested
         in reading the bit of history we propose in chapter 1.
      

      Part 2 is dedicated to LINQ to Objects and querying in-memory collections. This part also contains information about common LINQ use cases and best practices that’ll
         be useful when working with any LINQ flavor.
      

      Part 3 focuses on LINQ to SQL. It addresses the persistence of objects into relational databases. It will also help you discover how to query SQL Server
         databases with LINQ. Advanced LINQ to SQL features are also presented, such as inheritance, transactions, stored procedures,
         and more.
      

      Part 4 covers LINQ to XML. It demonstrates how to use LINQ for creating and processing XML documents. In this part, you’ll see what LINQ to XML has
         to offer compared to the other XML APIs. A comprehensive set of examples covers the most common LINQ to XML use cases.
      

      Part 5 covers extensibility and shows how the LINQ flavors fit in a complete application. The extensibility chapter demonstrates
         various ways to enrich the LINQ toolset. The last chapter analyzes the use of LINQ in our running example and discusses choices
         you can make when you use LINQ.
      

      The appendix contains a reference of the standard query operators, a key constituent of LINQ queries. Resources provides pointers to resources that will help you to learn more about LINQ, such as Microsoft’s official web sites, articles,
         weblogs or forums.
      

      An online bonus chapter available as a download at http://www.manning.com/ LINQinAction and at http://LinqInAction.net introduces LINQ to DataSet. It demonstrates how LINQ can be used to query DataSets and DataTables.
      

      It’s up to you to decide whether you want to read the book from start to finish or jump right into one precise chapter. Wherever
         you are in the book, we tried to make it easy for you to navigate between chapters.
      

      
Tools used
      

      The LINQ technology is included in .NET 3.5. It is supported by Visual Studio 2008, C# 3.0, and VB.NET 9.0. All the content
         of this book and the code samples it contains are based on Visual Studio 2008 and .NET 3.5 RTM,[1] the final products. You can refer to section 1.4.1 to find a detailed list of software requirements for working with LINQ and this book’s samples.
      

      
         1 Release To Manufacturing.
         

      

      
Source code
      

      This book contains extensive source code examples in C# and VB.NET. All code examples can be found as a downloadable archive
         at the book’s web site at http://www.manning.com/LINQinAction and at http://LinqInAction.net. Not all the examples are provided in both C# and VB.NET at the same time in the book, but they’re all available in both
         languages in the companion source code.
      

      
Conventions
      

      When we write “LINQ,” we’re referring to the LINQ technology or the complete LINQ framework. When we write “LINQ toolset,”
         we mean the set of tools LINQ offers: LINQ to Objects, LINQ to XML, LINQ to SQL, and the others. We’ll explicitly use LINQ to Objects, LINQ to XML, or LINQ to SQL to refer to specific parts of the LINQ toolset.
      

      
Typographical conventions
      

      This book uses a special code font whenever certain code terms such as classes, objects, or operator names appear in the main text.
      

      Particular bits of code that we want to draw attention to appear in bold. Furthermore, all code results and console output appears in italics.
      

      Code annotations accompany many of the listings, highlighting important concepts. In some cases, numbered bullets [image: ] link to explanations that follow the listing.
      

      Icons like this differentiate between code in C# and VB.NET:

      [image: ]

      
Author Online
      

      Purchase of LINQ in Action includes free access to a private web forum run by Manning Publications where you can make comments about the book, ask technical
         questions, and receive help from the authors and from other users. To access the forum and subscribe to it, point your web
         browser to http://www.manning.com/ LINQinAction. This page provides information on how to get on the forum once you are registered, what kind of help is available,
         and the rules of conduct on the forum.
      

      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the authors can take place. It is not a commitment to any specific amount of participation on the part of the
         authors, whose contribution to the book’s forum remains voluntary (and unpaid). We suggest you try asking the authors some
         challenging questions, lest their interest stray!
      

      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s website as long as
         the book is in print.
      

      
About the authors
      

      FABRICE MARGUERIE is a software architect and developer with more than 13 years of experience in the software industry. He has diverse experience,
         ranging from consulting services and training to starting his own business. Fabrice has been awarded the C# MVP title by Microsoft
         in recognition for his involvement in the .NET community. His activities include speaking at conferences, writing technical
         articles in English and French, writing a weblog about .NET, and running websites such as sharptoolbox.com and proagora.com. Fabrice is based in Paris, France.
      

      STEVE EICHERT is an architect and technical lead at Algorithmics, Inc. He also runs his own consulting company where he specializes in
         delivering solutions to clients utilizing the latest Microsoft .NET technologies. Steve can be found online at http://iqueryable.com. He is married and has three beautiful children. Steve is based in Philadelphia.
      

      JIM WOOLEY has been working with .NET since PDC 2000 and has been actively evangelizing LINQ since its announcement in 2005. He leads
         the Atlanta VB Study Group and serves as INETA Membership Manager for the Georgia region.
      

      
About the title
      

      By combining introductions, overviews, and how-to examples, the In Action books are designed to help learning and remembering. According to research in cognitive science, the things people remember are things they discover during self-motivated
         exploration.
      

      Although no one at Manning is a cognitive scientist, we are convinced that for learning to become permanent it must pass through
         stages of exploration, play, and, interestingly, re-telling of what is being learned. People understand and remember new things,
         which is to say they master them, only after actively exploring them. Humans learn in action. An essential part of an In Action book is that it is example-driven. It encourages the reader to try things out, to play with new code, and explore new ideas.
      

      There is another, more mundane, reason for the title of this book: our readers are busy. They use books to do a job or solve
         a problem. They need books that allow them to jump in and jump out easily and learn just what they want just when they want
         it. They need books that aid them in action. The books in this series are designed for such readers.
      

      
About the cover illustration
      

      The caption for the figure on the cover of LINQ in Action reads “La Champenoise” or “The Champagne One.” The drawing is of a young woman from the historic province of Champagne in
         the northeast of France, best known for the production of the sparkling white wine that bears the region’s name. The illustration
         is taken from a French travel book, Encyclopedie des Voyages by J. G. St. Saveur, published in 1796. Travel for pleasure was a relatively new phenomenon at the time and travel guides
         such as this one were popular, introducing both the tourist as well as the armchair traveler to the inhabitants of other regions
         of the world, as well as to the and regional costumes and uniforms of French soldiers, civil servants, tradesmen, merchants,
         and peasants.
      

      The diversity of the drawings in the Encyclopedie des Voyages speaks vividly of the uniqueness and individuality of the world’s towns and provinces just 200 years ago. This was a time
         when the dress codes of two regions separated by a few dozen miles identified people uniquely as belonging to one or the other.
         The travel guide brings to life a sense of isolation and distance of that period and of every other historic period except
         our own hyperkinetic present.
      

      Dress codes have changed since then and the diversity by region, so rich at the time, has faded away. It is now often hard
         to tell the inhabitant of one continent from another. Perhaps, trying to view it optimistically, we have traded a cultural
         and visual diversity for a more varied personal life. Or a more varied and interesting intellectual and technical life.
      

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

      


Part 1. Getting started
      

      This part of the book introduces the LINQ technology and the C# and VB language enhancements.

      Chapter 1 presents LINQ, its history, the reasons to use it, and quick “hello world” examples with objects, XML, and SQL. Chapter 2 introduces all the new languages features provided by the latest versions of C# and VB.NET to enable LINQ. Chapter 3 covers LINQ’s technical fundamentals and shows how they fit together.
      

      


Chapter 1. Introducing LINQ
      

      This chapter covers

      

      
	LINQ’s origins
         

         	LINQ’s design goals
         

         	First steps with LINQ to Objects, LINQ to XML, and LINQ to SQL
         

      

Software is simple. It boils down to two things: code and data. Writing software is not so simple, and one of the major activities
         it involves is writing code that deals with data.
      

      To write code, we can choose from a variety of programming languages. The selected language for an application may depend
         on the business context, on developer preferences, on the development team’s skills, on the operating system, or on company
         policy.
      

      Whatever language you end up with, at some point you will have to deal with data. This data can be in files on a disk, tables
         in a database, or XML documents coming from the Web, or often you have to deal with a combination of all of these. Ultimately,
         managing data is a requirement for every software project you’ll work on.
      

      Given that dealing with data is such a common task for developers, we would expect rich software development platforms like
         the .NET Framework to provide an easy way to do it. .NET does provide wide support for working with data. You will see, however, that something had yet to be achieved: deeper language
         and data integration. This is where LINQ to Objects, LINQ to XML, and LINQ to SQL fit in.
      

      The technologies we present in this book have been designed as a new way to write code. This book has been written by developers
         for developers, so don’t be afraid: You won’t have to wait too long before you are able to write your first lines of LINQ
         code! In this chapter, we will quickly introduce “hello world” pieces of code to give you hints on what you will discover
         in the rest of the book. The aim is that, by the end of the book, you will be able to tackle real-world projects while being
         convinced that LINQ is a joy to work with.
      

      The intent of this first chapter is to give you an overview of LINQ and to help you identify the reasons to use it. We will
         start by providing an overview of LINQ and the LINQ toolset, which includes LINQ to Objects, LINQ to XML, and LINQ to SQL.
         We will then review some background information to clearly understand why we need LINQ and where it comes from. The second
         half of this chapter will guide you while you make your first steps with LINQ code.
      

      
1.1. What is LINQ?
      

      Suppose you are writing an application using .NET. Chances are high that at some point you’ll need to persist objects to a
         database, query the database, and load the results back into objects. The problem is that in most cases, at least with relational
         databases, there is a gap between your programming language and the database. Good attempts have been made to provide object-oriented
         databases, which would be closer to object-oriented platforms and imperative programming languages such as C# and VB.NET. However, after all
         these years, relational databases are still pervasive, and you still have to struggle with data access and persistence in
         all of your programs.
      

      The original motivation behind LINQ was to address the conceptual and technical difficulties encountered when using databases
         with .NET programming languages. With LINQ, Microsoft’s intention was to provide a solution for the problem of object-relational
         mapping, as well as to simplify the interaction between objects and data sources. LINQ eventually evolved into a general-purpose
         language-integrated querying toolset. This toolset can be used to access data coming from in-memory objects (LINQ to Objects),
         databases (LINQ to SQL), XML documents (LINQ to XML), a file-system, or any other source.
      

      We will first give you an overview of what LINQ is, before looking at the tools it offers. We will also introduce how LINQ
         extends programming languages.
      

      1.1.1. Overview
      

      LINQ could be the missing link—whether this pun is intended is yet to be discovered—between the data world and the world of
         general-purpose programming languages. LINQ unifies data access, whatever the source of data, and allows mixing data from
         different kind of sources. It allows for query and set operations, similar to what SQL statements offer for databases. LINQ,
         though, integrates queries directly within .NET languages such as C# and Visual Basic through a set of extensions to these
         languages: LINQ means Language-INtegrated Query.
      

      Before LINQ, we had to juggle different languages like SQL, XML, or XPath along with various technologies and APIs like ADO.NET
         or System.Xml in every application written using general-purpose languages such as C# or VB.NET. It goes without saying that
         this approach had several drawbacks.[1] LINQ glues several worlds together. It helps us avoid the bumps we would usually find on the road from one world to another:
         using XML with objects, objects with relational data, and relational data with XML are some of the tasks that LINQ will simplify.
      

      
         1 “It was like you had to order your dinner in one language and drinks in another,” said Jason McConnell, product manager for
            Visual Studio at Microsoft. “The direct benefit is programmers are more productive because they have this unified approach
            to querying and updating data from within their language.”
         

      

      One of the key aspects of LINQ is that it was designed to be used against any type of object or data source and to provide
         a consistent programming model for doing so. The syntax and concepts are the same across all of its uses: Once you learn how to use LINQ against an array or a collection, you also know most of the concepts needed to take advantage of LINQ
         with a database or an XML file.
      

      Another important aspect of LINQ is that when you use it, you work in a strongly typed world. The benefits include compile-time
         checking for your queries as well as nice hints from Visual Studio’s IntelliSense feature.
      

      LINQ will significantly change some aspects of how you handle and manipulate data with your applications and components. You
         will discover how LINQ is a step toward a more declarative programming model. Maybe you will wonder in the not-so-distant
         future why you used to write so many lines of code.
      

      There is duality in LINQ. You can conceive of LINQ as consisting of two complementary parts: a set of tools that work with
         data, and a set of programming language extensions.
      

      You’ll first see how LINQ is a toolset that can be used to work with objects, XML documents, relational databases, or other
         kinds of data. You’ll then see how LINQ is also an extension to programming languages like C# and VB.NET.
      

      1.1.2. LINQ as a toolset
      

      LINQ offers numerous possibilities. It will significantly change some aspects of how you handle and manipulate data with your
         applications and components. In this book, we’ll detail the use of three major flavors of LINQ, or LINQ providers —LINQ to Objects, LINQ to SQL, and LINQ to XML, respectively—in parts 2, 3, and 4. These three LINQ providers form a family of tools that can be used separately for particular needs or combined for powerful
         solutions.
      

      We will focus on LINQ to Objects, LINQ to SQL, and LINQ to XML in this book, but LINQ is open to new data sources. The three
         main LINQ providers discussed in this book are built on top of a common LINQ foundation. This foundation consists of a set
         of building blocks including query operators, query expressions, and expression trees, which allow the LINQ toolset to be extensible.
      

      Other variants of LINQ can be created to provide access to diverse kinds of data sources. Implementations of LINQ will be
         released by software vendors, and you can also create your own implementations, as you’ll see in chapter 12, which covers LINQ’s extensibility. You can plug a wide array of data sources into LINQ, including the file system, Active
         Directory, WMI, the Windows Event Log, or any other data source or API. This is excellent because you can benefit from LINQ’s
         features with a lot of the data sources you deal with every day. In fact, Microsoft already offers more LINQ providers than
         just LINQ to Objects, LINQ to SQL, and LINQ to XML. Two of them are LINQ to DataSet and LINQ to Entities (to work with the new ADO.NET Entity Framework). We will present these tools in the second and third parts of this book. For now, let’s
         keep the focus on the big picture.
      

      Figure 1.1 shows how we can represent the LINQ building blocks and toolset in a diagram.
      

      Figure 1.1. LINQ building blocks, LINQ providers, and data sources that can be queried using LINQ
      

      [image: ]

      The LINQ providers presented in figure 1.1 are not standalone tools. They can be used directly in your programming languages. This is possible because the LINQ framework
         comes as a set of language extensions. This is the second aspect of LINQ, which is detailed in the next section.
      

      1.1.3. LINQ as language extensions
      

      LINQ allows you to access information by writing queries against various data sources. Rather than being simply syntactic sugar[2] that would allow you to easily include database queries right into your C# code, LINQ provides the same type of expressive capabilities that SQL offers,
         but in the programming language of your choice. This is great because a declarative approach like the one LINQ offers allows
         you to write code that is shorter and to the point.
      

      
         2 Syntactic sugar is a term coined by Peter J. Landin for additions to the syntax of a computer language that do not affect
            its expressiveness but make it “sweeter” for humans to use. Syntactic sugar gives the programmer an alternative way of coding
            that is more practical, either by being more succinct or more like some familiar notation.
         

      

      Listing 1.1 shows sample C# code you can write with LINQ.
      

      Listing 1.1. Sample code that uses LINQ to query a database and create an XML document
      

      [image: ]

      The listing demonstrates all you need to write in order to extract data from a database and create an XML document from it.
         Imagine how you would do the same without LINQ, and you’ll realize how things are easier and more natural with LINQ. You will
         soon see more LINQ queries, but let’s keep focused on the language aspects for the moment. With the from, where, orderby, and select keywords in the listing, it’s obvious that C# has been extended to enable language-integrated queries.
      

      We’ve just shown you code in C#, but LINQ provides a common querying architecture across programming languages. It works with
         C# 3.0 and VB.NET 9.0 (also known as VB 2008), and as such requires dedicated compilers, but it can be ported to other .NET
         languages. This is already the case for F#, a functional language for .NET from Microsoft Research, and you can expect to
         see LINQ support appear in more .NET languages in the future.
      

      Figure 1.2 shows a typical language-integrated query that is used to talk to objects, XML, or data tables.
      

      Figure 1.2. LINQ as language extensions and as a gateway to several data sources
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      The query in the figure is expressed in C# and not in a new language. LINQ is not a new language. It is integrated into C#
         and VB.NET. In addition, LINQ can be used to avoid entangling your .NET programming language with SQL, XSL, or other data-specific languages. The set of language extensions that come with LINQ enables queries over several kinds of data
         stores to be formulated right into programming languages. Think of LINQ as a universal remote control, if you wish. At times,
         you’ll use it to query a database; at others, you’ll query an XML document. But you’ll do all this in your favorite language,
         without having to switch to another one like SQL or XQuery.
      

      In chapter 2, we’ll show you the details of how the programming languages have been extended to support LINQ. In chapter 3, you’ll learn how to write LINQ queries. This is where you’ll learn about query operators, query expressions, and expression
         trees. But you still have a few things to discover before getting there.
      

      Now that we have given you an idea of what LINQ is, let’s discuss the motivation behind it, and then we’ll review its design
         goals and a bit of history.
      

      
1.2. Why do we need LINQ?
      

      We have just provided you with an overview of LINQ. The big questions at this point are: Why do we want a tool like LINQ?
         What makes the previous tools inconvenient? Was LINQ created only to make working with programming languages, relational data,
         and XML at the same time more convenient?
      

      At the origin of the LINQ project is a simple fact: The vast majority of applications that are developed access data or talk
         to a relational database. Consequently, in order to program applications, learning a language such as C# is not enough. You
         also have to learn another language such as SQL, and the APIs that tie it together with C# to form your full application.
      

      We’ll start by taking a look at a piece of data-access code that uses the standard .NET APIs. This will allow us to point
         out the common problems that are encountered in this kind of code. We will then extend our analysis by showing how these problems
         exist with other kinds of data such as XML. You’ll see that LINQ addresses a general impedance mismatch between data sources and programming languages. Finally, a short code sample will give you a glimpse at how LINQ is a solution
         to the problem.
      

      1.2.1. Common problems
      

      The frequent use of databases in applications requires that the .NET Framework address the need for APIs that can access the
         data stored within. Of course, this has been the case since the first appearance of .NET. The .NET Framework Class Library
         (FCL) includes ADO.NET, which provides an API to access relational databases and to represent relational data in memory. This
         API consists of classes such as SqlConnection, SqlCommand, SqlReader, DataSet, and DataTable, to name a few. The problem with these classes is that they force the developer to work explicitly with tables, records,
         and columns, while modern languages such as C# and VB.NET use object-oriented paradigms.
      

      Now that the object-oriented paradigm is the prevailing model in software development, developers incur a large amount of
         overhead in mapping it to other abstractions, specifically relational databases and XML. The result is that a lot of time
         is spent on writing plumbing code.[3] Removing this burden would increase productivity in data-intensive programming, which LINQ helps us do.
      

      
         3 It is estimated that dealing with the task of storing and retrieving objects to and from data stores accounts for between
            30 and 40 percent of a development team’s time.
         

      

      But it’s not only about productivity! It also impacts quality. Writing tedious and fragile plumbing code can lead to insidious
         defects in software or degraded performance.
      

      Listing 1.2 shows how we would typically access a database in a .NET program. By looking at the problems that exist with traditional
         code, you’ll be able to see how LINQ comes to the rescue.
      

      

      Listing 1.2. Typical .NET data-access code
      

      [image: ]

      Just by taking a quick look at this code, we can list several limitations of the model:
      

      

      
	Although we want to perform a simple task, several steps and verbose code are required.
         

         	Queries are expressed as quoted strings [image: ], which means they bypass all kinds of compile-time checks. What if the string does not contain a valid SQL query? What if
            a column has been renamed in the database?
         

         	The same applies for the parameters [image: ] and for the result sets [image: ]: they are loosely defined. Are the columns of the type we expect? Also, are we sure we’re using the correct number of parameters?
            Are the names of the parameters in sync between the query and the parameter declarations?
         

         	The classes we use are dedicated to SQL Server and cannot be used with another database server. Naturally, we could use DbConnection and its friends to avoid this issue, but that would solve only half of the problem. The real problem is that SQL has many
            vendor-specific dialects and data types. The SQL we write for a given DBMS is likely to fail on a different one.
         

      

Other solutions exist. We could use a code generator or one of the several object-relational mapping tools available. The
         problem is that these tools are not perfect either and have their own limitations. For instance, if they are designed for
         accessing databases, most of the time they don’t deal with other data sources such as XML documents. Also, one thing that language vendors such as Microsoft can do that mapping tool vendors can’t is integrate
         data-access and -querying features right into their languages. Mapping tools at best present a partial solution to the problem.
      

      The motivation for LINQ is twofold: Microsoft did not have a data-mapping solution yet, and with LINQ it had the opportunity
         to integrate queries into its programming languages. This could remove most of the limitations we identified in listing 1.2.
      

      The main idea is that by using LINQ you are able to gain access to any data source by writing queries like the one shown in
         listing 1.3, directly in the programming language that you master and use every day.
      

      Listing 1.3. Simple query expression
      

      from customer in customers
where customer.Name.StartsWith("A") && customer.Orders.Count > 0
orderby customer.Name
select new { customer.Name, customer.Orders }

      In this query, the data could be in memory, in a database, in an XML document, or in another place; the syntax would remain
         similar if not exactly the same. As you saw in figure 1.2, this kind of query can be used with multiple types of data and different data sources, thanks to LINQ’s extensibility features.
         For example, in the future we are likely to see an implementation of LINQ for querying a file system or for calling web services.
      

      1.2.2. Addressing a paradigm mismatch
      

      Let’s continue looking at why we need LINQ. The fact that modern application developers have to simultaneously deal with general-purpose
         programming languages, relational data, SQL, XML documents, XPath, and so on means that we need two things:
      

      

      
	To be able to work with any of these technologies or languages individually
         

         	To mix and match them to build a rich and coherent solution
         

      

The problem is that object-oriented programming (OOP), the relational database model, and XML—just to name a few—were not originally built to work together. They represent different
         paradigms that don’t play well with each other.
      

      
What is this impedance mismatch everybody’s talking about?
      

      Data is generally manipulated by application software written using OOP languages such as C#, VB.NET, Java, Delphi, and C++.
         But translating an object graph into another representation, such as tuples of a relational database, often requires tedious
         code.
      

      The general problem LINQ addresses has been stated by Microsoft like this: “Data != Objects.” More specifically, for LINQ to SQL: “Relational data != Objects.” The same could apply for LINQ to XML: “XML data != Objects.” We should also add: “XML data != Relational data.”

      We’ve used the term impedance mismatch. It is commonly applied to incompatibility between systems and describes an inadequate ability of one system to accommodate
         input from another. Although the term originated in the field of electrical engineering, it has been generalized and used
         as a term of art in systems analysis, electronics, physics, computer science, and informatics.
      

      
Object-relational mapping
      

      If we take the object-oriented paradigm and the relational paradigm, the mismatch exists at several levels. Let’s name a few.

      Relational databases and object-oriented languages don’t share the same set of primitive data types. For example, strings usually have a delimited length in databases, which is not the case in C# or VB.NET. This can be a problem
         if you try to persist a 150-character string in a table field that accepts only 100 characters. Another simple example is
         that most databases don’t have a Boolean type, whereas we frequently use true/false values in many programming languages.
      

      OOP and relational theories come with different data models. For performance reasons and due to their intrinsic nature, relational databases are usually normalized. Normalization is a process that eliminates redundancy, organizes data efficiently, and reduces the potential for anomalies
         during data operations and improves data consistency. Normalization results in an organization of data that is specific to
         the relational data model. This prevents a direct mapping of tables and records to objects and collections. Relational databases
         are normalized in tables and relations, whereas objects use inheritance, composition, and complex reference graphs. A common
         problem exists because relational databases don’t have concepts like inheritance: Mapping a class hierarchy to a relational
         database requires using “tricks.”
      

      Programming models. In SQL, we write queries, and so we have a higher-level, declarative way of expressing the set of data that we’re interested
         in. With imperative programming languages such as C# or VB.NET, we have to write for loops and if statements and so forth.
      

      Encapsulation. Objects are self-contained and include data as well as behavior. In databases, data records don’t have behavior, per se.
         It’s possible to act on database records only through the use of SQL queries or stored procedures. In relational databases,
         code and data are clearly separated.
      

      The mismatch is a result of the differences between a relational database and a typical object-oriented class hierarchy. We
         might say relational databases are from Mars and objects are from Venus.
      

      Let’s take the simple example shown in figure 1.3. We have an object model we’d like to map to a relational model.
      

      Figure 1.3. How simple objects can be mapped to a database model. The mapping is not trivial due to the differences between the object-oriented
         and the relational paradigms.
      

      [image: ]

      Concepts such as inheritance or composition are not directly supported by relational databases, which means that we cannot
         represent the data the same way in both models. You can see here that several objects and types of objects can be mapped to
         a single table.
      

      Even if we wanted to persist an object model like the one we have here in a new relational database, we would not be able
         to use a direct mapping. For instance, for performance reasons and to avoid duplication, it’s much better in this case to
         create only one table in the database. A consequence of doing so, however, is that data coming from the database table cannot
         be easily used to repopu-late an object graph in memory. When we win on one side, we lose on the other.
      

      We may be able to design a database schema or an object model to reduce the mismatch between both worlds, but we’ll never
         be able to remove it because of the intrinsic differences between the two paradigms. We don’t even always have the choice. Often, the database schema is already
         defined, and in other cases we have to work with objects defined by someone else.
      

      The complex problem of integrating data sources with programs involves more than simply reading from and writing to a data
         source. When programming using an object-oriented language, we normally want our applications to use an object model that
         is a conceptual representation of the business domain, instead of being tied directly to the relational structure. The problem
         is that at some point we need to make the object model and the relational model work together. This is not an easy task because
         object-oriented programming languages and .NET involve entity classes, business rules, complex relationships, and inheritance,
         whereas a relational data source involves tables, rows, columns, and primary and foreign keys.
      

      A typical solution for bridging object-oriented languages and relational databases is object-relational mapping. This refers to the process of mapping our relational data model to our object model, usually back and forth. Mapping can
         be defined as the act of determining how objects and their relationships are persisted in permanent data storage, in this
         case relational databases.
      

      Databases[4] do not map naturally to object models. Object-relational mappers are automated solutions to address the impedance mismatch.
         To make a long story short: We provide an object-relational mapper with our classes, database, and mapping configuration,
         and the mapper takes care of the rest. It generates the SQL queries, fills our objects with data from the database, persists
         them in the database, and so on.
      

      
         4 We are talking only about relational databases here because this is what is used in the vast majority of business applications.
            Object-oriented databases offer a different approach that allows persisting objects more easily. Whether object-oriented databases
            are better than relational databases is another debate, which we are not going to address in this book.
         

      

      As you can guess, no solution is perfect, and object-relational mappers could be improved. Some of their main limitations
         include the following:
      

      

      
	A good knowledge of the tools is required before being able to use them efficiently and avoid performance issues.
         

         	Optimal use still requires knowledge of how to work with a relational database.
         

         	Mapping tools are not always as efficient as handwritten data-access code.
         

         	Not all the tools come with support for compile-time validation.
         

      

Multiple object-relational mapping tools are available for .NET. There is a choice of open source, free, or commercial products.
         As an example, listing 1.4 shows a mapping configuration file for NHibernate, one of the open source mappers. Fields, relationships, and inheritance
         are defined using XML.
      

      Listing 1.4. NHibernate mapping file used to map a Cat class to a CATS table in a relational database
      

      <?xml version="1.0" ?>
<hibernate-mapping xmlns="urn:nhibernate-mapping-2.0"
    namespace="Eg" assembly="Eg">
  <class name="Cat" table="CATS" discriminator-value="C">
    <id name="Id" column="uid" type="Int64">
      <generator class="hilo"/>
    </id>
    <discriminator column="subclass" type="Char"/>
    <property name="Birthdate" type="Date"/>
    <property name="Color" not-null="true"/>
    <property name="Sex" not-null="true" update="false"/>
    <property name="Weight"/>
    <many-to-one name="Mate" column="mate_id"/>
    <set name="Kittens">
      <key column="mother_id"/>
      <one-to-many class="Cat"/>
    </set>
    <subclass name="DomesticCat" discriminator-value="D">
      <property name="Name" type="String"/>
    </subclass>
  </class>
  <class name="Dog">
    <!-- mapping for Dog could go here -->
  </class>
</hibernate-mapping>

      In part 3 of this book, you’ll see how LINQ to SQL is an object-relational mapping solution and how it addresses some of these issues.
         But for now, we are going to look at another problem LINQ can solve.
      

      
Object-XML mapping
      

      Analogous to the object-relational impedance mismatch, a similar mismatch also exists between objects and XML. For example,
         the type system described in the W3C XML Schema specification has no one-to-one relationship with the type system of the .NET
         Framework. However, using XML in a .NET application is not much of a problem because we already have APIs that deal with this
         under the System.Xml namespace as well as the built-in support for serializing and deserializing objects. Still, a lot of tedious code is required most of the time for doing even simple things on XML documents.
      

      Given that XML has become so pervasive in the modern software world, something had to be done to reduce the work required
         to deal with XML in programming languages.
      

      When you look at these domains, it is remarkable how different they are. The main source of contention relates to the following
         facts:
      

      

      
	Relational databases are based on relational algebra and are all about tables, rows, columns, and SQL.
         

         	XML is all about documents, elements, attributes, hierarchical structures, and XPath.
         

         	Object-oriented general-purpose programming languages and .NET live in a world of classes, methods, properties, inheritance,
            and loops.
         

      

Many concepts are specific to each domain and have no direct mapping to another domain. Figure 1.4 gives an overview of the concepts used in .NET and object-oriented programming, in comparison to the concepts used in data
         sources such as XML documents or relational databases.
      

      Figure 1.4. .NET applications and data sources are different worlds. The concepts used in object-oriented programming are different from
         the concepts used with relational databases and XML.
      

      [image: ]

      Too often, programmers have to do a lot of plumbing work to tie together the different domains. Different APIs for each data
         type cause developers to spend an inordinate amount of time learning how to write, debug, and rewrite brittle code. The usual
         culprits that break the pipes are bad SQL query strings or XML tags, or content that doesn’t get checked until runtime. .NET
         languages such as C# and VB.NET assist developers and provide such things as IntelliSense, strongly typed code, and compile-time checks. Still, this
         can become broken if we start to include malformed SQL queries or XML fragments in our code, none of which are validated by
         the compiler.
      

      A successful solution requires bridging the different technologies and solving the object-persistence impedance mismatch—a
         challenging and resource-intensive problem. To solve this problem, we must resolve the following issues between .NET and data
         source elements:
      

      

      
	Fundamentally different technologies
         

         	Different skill sets
         

         	Different staff and ownership for each of the technologies
         

         	Different modelling and design principles
         

      

Some efforts have been made to reduce the impedance mismatch by bringing some pieces of one world into another. For example:
         SQLXML 4.0 ties SQL to XSD; System.Xml spans XML/XML DOM/XSL/XPath and CLR; the ADO.NET API bridges SQL and CLR data types; and SQL Server 2005 includes CLR integration.
         All these efforts are proof that data integration is essential; however, they represent distinct moves without a common foundation,
         which makes them difficult to use together. LINQ, in contrast, offers a common infrastructure to address the impedance mismatches.
      

      1.2.3. LINQ to the rescue
      

      To succeed in using objects and relational databases together, you need to understand both paradigms, along with their differences,
         and then make intelligent tradeoffs based on that knowledge. The main goal of LINQ and LINQ to SQL is to get rid of, or at
         least reduce, the need to worry about these limits.
      

      An impedance mismatch forces you to choose one side or the other as the “primary” side. With LINQ, Microsoft chose the programming
         language side, because it’s easier to adapt the C# and VB.NET languages than to change SQL or XML. With LINQ, the aim is toward
         deeply integrating the capabilities of data query and manipulation languages into programming languages.
      

      LINQ removes many of the barriers among objects, databases, and XML. It enables us to work with each of these paradigms using
         the same language-integrated facilities. For example, we are able to work with XML data and data coming from a relational
         database within the same query.
      

      Because code is worth a thousand words, let’s take a look at a quick code sample using the power of LINQ to retrieve data
         from a database and create an XML document in a single query. Listing 1.5 creates an RSS feed based on relational data.
      

      Listing 1.5. Working with relational data and XML in the same query
      

      [image: ]

      We will not detail here how this code works. You will see documented examples like this one in parts 3 and 4 of the book. What is important to note at this point is how LINQ makes it easy to work with relational data and XML in the
         same piece of code. If you have already done this kind of work before, it should be obvious that this code is very concise
         and readable in comparison to the solutions at your disposal before LINQ appeared.
      

      Before seeing more code samples and helping you write your own LINQ code, we’ll now quickly review where LINQ comes from.

      
1.3. Design goals and origins of LINQ
      

      It’s important to know clearly what Microsoft set out to achieve with LINQ. This is why we’ll start this section by reviewing
         the design goals of the LINQ project. It’s also interesting to know where LINQ takes its roots from and understand the links
         with other projects you may have heard of. We’ll spend some time looking at the history of the LINQ project to know how it
         was born.
      

      LINQ is not a recent project from Microsoft in the sense that it inherits a lot of features from research and development
         work done over the last several years. We’ll discuss the relationships LINQ has with other Microsoft projects so you know if LINQ replaces projects like Cω, ObjectSpaces,
         WinFS, or support for XQuery in the .NET Framework.
      

      1.3.1. The goals of the LINQ project
      

      Table 1.1 reviews the design goals Microsoft set for the LINQ project in order to give you a clear understanding of what LINQ offers.
      

      Table 1.1. LINQ’s design goals and the motivations behind them
      

      





	
                  Goal

               
               	
                  Motivation

               
            



	Integrate objects, relational data, and XML
               	Unified query syntax across data sources to avoid different languages for different data sources.
                  Single model for processing all types of data regardless of source or in-memory representation.
               
            


	SQL and XQuery-like power in C# and VB
               	Integrate querying abilities right into the programming languages.
            


	Extensibility model for languages
               	Enable implementation for other programming languages.
            


	Extensibility model for multiple data sources
               	Be able to access other data sources than relational databases or XML documents.
                  Allow other frameworks to enable LINQ support for their own needs.
               
            


	Type safety
               	Compile-time type checking to avoid problems that were previously discovered at run-time only.
                  The compiler will catch errors in your queries.
               
            


	Extensive IntelliSense support (enabled by strong-typing)
               	Assist developers when writing queries to improve productivity and to help them get up to speed with the new syntax.
                  The editor will guide you when writing queries.
               
            


	Debugger support
               	Allow developers to debug LINQ queries step by step and with rich debugging information.
            


	Build on the foundations laid in C# 1.0 and 2.0, VB.NET 7.0 and 8.0
               	Reuse the rich features that have been implemented in the previous versions of the languages.
            


	Run on the .NET 2.0 CLR
               	Avoid requiring a new runtime and creating unnecessary deployment hassles.
            


	Remain 100% backward compatible
               	Be able to use standard and generic collections, data binding, existing web and Windows Forms controls, and so on.
            




The number-one LINQ feature presented in table 1.1 is the ability to deal with several data types and sources. LINQ ships with implementations that support querying against regular object collections, databases, entities, and XML sources. Because LINQ supports rich extensibility,
         developers can also easily integrate it with other data sources and providers.
      

      Another essential feature of LINQ is that it is strongly typed. This means the following:

      

      
	We get compile-time checking for all queries. Unlike SQL statements today, where we typically only find out at runtime if
            something is wrong, this means we can check during development that our code is correct. The direct benefit is a reduction
            of the number of problems discovered late in production. Most of the time, issues come from human factors. Strongly typed
            queries allow us to detect early typos and other mistakes made by the developer in charge of the keyboard.
         

         	We get IntelliSense within Visual Studio when writing LINQ queries. This not only makes typing faster, but also makes it much
            easier to work against both simple and complex collection and data source object models.
         

      

This is all well and good, but where does LINQ come from? Before delving into LINQ and starting to use it, let’s see how it
         was born.
      

      1.3.2. A bit of history
      

      LINQ is the result of a long-term research process inside Microsoft. Several projects involving evolutions of programming
         languages and data-access methods can be considered to be the parents of LINQ to Objects, LINQ to XML (formerly known as XLinq),
         and LINQ to SQL (formerly known as DLinq).
      

      
Cω (or the C-Omega language)
      

      Cω (pronounced “c-omega”) was a project from Microsoft Research that extended the C# language in several areas, notably the
         following:
      

      

      
	A control flow extension for asynchronous wide-area concurrency (formerly known as Polyphonic C#)
         

         	A data type extension for XML and database manipulation (formerly known as Xen and as X#)
         

      

Cω covered more than what comes with LINQ, but a good deal of what is now included as part of the LINQ technologies was already
         present in Cω. The Cω project was conceived to experiment with integrated queries, mixing C# and SQL, C# and XQuery, and so
         on. This was carried out by researchers such as Erik Meijer, Wolfram Schulte, and Gavin Bierman, who published multiple papers on the subject.
      

      Cω was released as a preview in 2004. A lot has been learned from that prototype, and a few months later, Anders Hejlsberg,
         chief designer of the C# language, announced that Microsoft would be working on applying a lot of that knowledge in C# and
         other programming languages. Anders said at that time that his particular interest for the past couple of years had been to
         think deeply about the big impedance mismatch between programming languages—C# in particular—and the data world. This includes
         database and SQL, but also XML and XQuery, for example.
      

      Cω’s extensions to the .NET type system and to the C# language were the first steps to a unified system that treated SQL-style
         queries, query result sets, and XML content as full-fledged members of the language. Cω introduced the stream type, which
         is analogous to the .NET Framework 2.0 type System.Collections.Generic.IEnumerable<T>. Cω also defined constructors for typed tuples (called anonymous structs), which are similar to the anonymous types we get in C# 3.0 and VB.NET 9.0. Another thing Cω supported is embedded XML, something
         we are able to see in VB.NET 9.0 (but not in C# 3.0).
      

      
ObjectSpaces
      

      LINQ to SQL is not Microsoft’s first attempt at object-relational mapping. Another project with a strong relationship to LINQ
         was ObjectSpaces.
      

      The first preview of the ObjectSpaces project appeared in a PDC 2001 ADO.NET presentation. ObjectSpaces was a set of data
         access APIs. It allowed data to be treated as objects, independent of the underlying data store. ObjectSpaces also introduced
         OPath, a proprietary object query language. In 2004, Microsoft announced that ObjectSpaces depended on the WinFS[5] project, and as such would be postponed to the Orcas timeframe (the next releases after .NET 2.0 and Visual Studio 2005).
         No new releases happened after that. Everybody realized that ObjectSpaces would never see the light of day when Microsoft
         announced that WinFS wouldn’t make it into the first release of Windows Vista.
      

      
         5 WinFS was a project for a relational file system Microsoft had been developing for Windows. It was canceled in 2006.
         

      

      
XQuery implementation
      

      Similar to what happened with ObjectSpaces and about the same time, Microsoft had started working on an XQuery processor.
         A preview was included in the first beta release of the .NET Framework version 2.0, but eventually it was decided not to ship a client-side[6] XQuery implementation in the final version. One problem with XQuery is that it was an additional language we would have to
         learn specifically to deal with XML.
      

      
         6 A server-side implementation of XQuery is included with SQL Server 2005, and now that the XQuery standard has been finalized,
            Microsoft is once again considering whether to add support for XQuery in .NET.
         

      

      Why all these steps back? Why did Microsoft apparently stop working on these technologies? Well, the cat came out of the bag
         at PDC 2005, when the LINQ project was announced.
      

      LINQ has been designed by Anders Hejlsberg and others at Microsoft to address this impedance mismatch from within programming
         languages like C# and VB.NET. With LINQ, we can query pretty much anything. This is why Microsoft favored LINQ instead of
         continuing to invest in separate projects like ObjectSpaces or support for XQuery on the client-side.
      

      As you’ve seen, LINQ has a rich history behind it and has benefited from all the research and development work done on prior,
         now-defunct projects. Before we go further and show you how it works, how to use it, and its different flavors, what about
         writing your first lines of LINQ code?
      

      The next three sections provide simple code that demonstrates LINQ to Objects, LINQ to XML, and LINQ to SQL. This will give
         you an overview of what LINQ code looks like and show you how it can help you work with object collections, XML, and relational
         data.
      

      
1.4. First steps with LINQ to Objects: Querying collections in memory
      

      After this introduction, you’re probably eager to look at some code and to make your first steps with LINQ. We think that
         you’ll get a better understanding of the features LINQ provides if you spend some time on a piece of code. Programming is
         what this book is about, anyway!
      

      1.4.1. What you need to get started
      

      Before looking at code, let’s spend some time reviewing all you need to be able to test this code.

      
Compiler and .NET Framework support and required software
      

      LINQ is delivered as part of the Orcas wave, which includes Visual Studio 2008 and the .NET Framework 3.5. This version of the framework comes with additional and
         updated libraries, as well as new compilers for the C# and VB.NET languages, but it stays compatible with the .NET Framework
         2.0.
      

      LINQ features are a matter of compiler and libraries, not runtime. It is important to understand that although the C# and
         VB.NET languages have been enriched and a few new libraries have been added to the .NET Framework, the .NET runtime (the CLR)
         did not need to evolve. New compilers are required for C# 3.0 and VB.NET 9.0, but the required runtime is still an unmodified
         version 2.0. This means that the applications you’ll build using LINQ can run in a .NET 2.0 runtime.[7]

      
         7 Nevertheless, .NET 2.0 Service Pack 1 is required for LINQ to SQL.
         

      

      At the time of this writing, LINQ and LINQ to XML, or at least subsets of them, are supported by the current releases of the
         Silverlight runtime. They are available through the System.Linq and System.Xml.Linq namespaces.
      

      All the content of this book and the code samples it contains are based on the final products, Visual Studio 2008 and .NET
         3.5 RTM,[8] which were released on November 19, 2007.
      

      
         8 Release To Manufacturing.
         

      

      To set up your machine and be able to run our code samples as you read, you only need to install the following:

      At least one of these versions of Visual Studio:

      

      
	Visual C# 2008 Express Edition
         

         	Visual Basic 2008 Express Edition
         

         	Visual Web Developer 2008 Express Edition
         

         	Visual Studio 2008 Standard Edition or higher
         

      

If you want to run the LINQ to SQL samples, one of the following is required:

      

      
	SQL Server 2005 Express Edition or SQL Server 2005 Compact Edition (included with most versions of Visual Studio)
         

         	SQL Server 2005
         

         	SQL Server 2000a
         

         	A later version of SQL Server[9]
               9 The new data types provided by SQL Server 2008 are not supported by the first release of LINQ to SQL.
               

            

         

      

That’s all for the required software. Let’s now review the programming languages we’ll use in this book.
      

      
Language considerations
      

      In this book, we assume you know the syntax of the C# programming language and occasionally a bit of VB.NET. For the sake
         of simplicity, we’ll be light on the explanations while we introduce our first few code samples. Don’t worry: In chapters 2 and 3, we’ll take the time to present in detail the syntax evolutions provided by C# 2.0, C# 3.0, VB.NET 9.0, and LINQ. You will
         then be able to fully understand LINQ queries.
      

       




	
            



Note

      Most of the examples contained in this book are in C#, but they can easily be ported to VB.NET, because the syntax is similar
         between the two languages.
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