
                                                                                                                                                                        Taking a New Approach to 
Data Access in  ADO . NET  3.5          

 Visual Studio (VS) 2008 SP1 is a major upgrade to Visual Studio 2005 and the Visual Basic 8.0 and 
C# 2.0 languages. ADO.NET 3.5 introduces many new language and data access features to ADO
.NET 2.0 and its DataSet - oriented programming model. The primary objectives of these additions 
are to: 

  Increase programmer productivity by reducing the amount of code required to complete 
a particular data - related task, such as querying and updating relational data sources, 
DataSets, or XML documents  

  Enable strong type - checking of query syntax for relational data and query resultsets  

  Reduce or eliminate what ’ s often called the  impedance mismatch  between the code for 
managing data, which usually involves Structured Query Language (SQL), and object -
 oriented (OO) programming  

  Provide data - intensive Windows form projects with a local, synchronizable data cache 
derived from SQL Server Compact Edition v3.5  

  Enhance DataSet integration with n - tier architecture    

 VS attempts to accomplish the preceding objectives with the following new LINQ language 
extentions to C# and VB, domain - specific implementations, and LINQ - related components or 
frameworks: 

   Language Integrated Query (LINQ)  extensions to the Visual Basic 9.0 and C# 3.0 
languages and compilers provide developers with a set of standard query operators to 
query a variety of data sources with a standard query language similar to SQL. LINQ 
extensions to VB and C# are said to implement the  LINQ pattern .  

   LINQ to Objects  is the default LINQ implementation, which enables developers to 
express and execute queries against in - memory collections that implement the 
 IEnumerable  or  IQueryable  interface.  
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Part I:        Getting a Grip on  ADO.NET  3.5

   LINQ to SQL  (formerly DLinq) extensions to LINQ to Objects provide a basic object/relational 
mapping (O/RM) tool to generate and manage entity classes for business objects, and persist 
entity instances in SQL Server 200x tables.  

   LinqDataSource  is an ASP.NET 3.5 server control for simplify binding other data - enabled Web 
controls to business objects created with LINQ to SQL.        

 In OO - speak,  to persist  means to save in - memory objects to and load them from a data store, which 
can be a relational, object or flat - file database, or an Extensible Markup Language (XML) or other type 
of file.     

   LINQ to DataSets  is an extension that enables LINQ to execute queries with joins over 
DataTables of typed or untyped ADO.NET DataSets.  

   LINQ to XML  (formerly XLinq) extensions to LINQ to Objects enable XML document 
processing with standard LINQ queries and constructing XML documents with a declarative 
syntax.  

   Entity Framework (EF) , Entity Data Model (EDM), EntityClient .NET data provider for SQL 
Server 200x, Entity SQL (eSQL) query language, and related designers, wizards, and tools map 
a data store ’ s physical implementation to a conceptual schema. The conceptual schema supports 
an upper layer of custom business objects, which can represent a domain model.  

   LINQ to Entities  is a LINQ implantation that generates eSQL to enable querying the Entity 
Framework ’ s Object Services layer with LINQ syntax.  

   EntityDataSource  corresponds to a LinqDataSource control for business objects generated by 
EF ’ s EDM.    

 Following are a few of the most important new related technologies, frameworks, and implentations that 
take advantage of or enhance LINQ: 

   LINQ to XSD  extensions to LINQ to XML deliver strong data - typing to LINQ to XML queries 
by reference to a formal or inferred XML schema for the source document. LINQ to XSD was an 
unsupported alpha version of an incubator project when this book was written  .

   ADO.NET Data Services Framework  (formerly Project Astoria) enables developers to make 
data available as a simple Representational State Transfer (REST) Web service with Atom 
Publication (AtomPub or APP) format or JavaScript Object Notation (JSON) as the wire format. 
EF is Astoria ’ s preferred data source; LINQ to SQL or other LINQ - enabled data sources create 
read - only Astoria services.  

   ASP.NET Dynamic Data (DD)  is a framework for autogenerating complete data - intensive Web 
sites from a LINQ to SQL or LINQ to Entities data source. DD is a highly enhanced version of an 
earlier project named BLINQ. DD can create an administrative Web site for a complex database 
in a few minutes by a process known as scaffolding. Ruby on Rails introducted Web developers 
to automated scaffolding.  

   Windows Communication Framework (WCF) Service templates  simplify development of  
n  - tier service - oriented applications that isolate the data - access tier from business object and 
presentation tiers by interposing a service layer. Astoria implements a string - based subset of 
LINQ query syntax. Astoria is an example of a LINQ - oriented framework that takes advantage 
of .NET 3.5 SP1 WCF templates.  
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   Parallel LINQ  (PLINQ) is a set of extensions to LINQ to Objects that enable parallel processing 
of LINQ queries on multi - core PCs. PLINQ was in the Community Technical Preview (CTP) 
stage when this book was written.  

   Hierarchical updates to typed DataSets  with the  TableAdapterManager.UpdateAll()  
method greatly reduce the amount of code required to update multiple related tables in the 
underlying database.  

   SQL Server Compact  (SSCE) 3.5 enables local data caching with a lightweight in - process 
relational database management system. LINQ to SQL and EF can use SSCE 3.5 as a data source 
but prevent use of the graphic O/RM tools to edit the resulting entities.  

   Microsoft Synchronization Framework  components implement occasionally connected systems 
(OCS) by synchronizing SSCE caches with SQL Server 200x databases.    

 The preceding list includes substantially more new data - related technologies and components than 
delivered by any .NET Framework and Visual Studio version since 1.0; this book covers all but the last 
four items. Examples demonstrate WCF service - oriented,  n  - tier architectures for Astoria projects that use 
LINQ to SQL or LINQ to Entities their data source. However, this book doesn ’ t attempt to cover other 
WCF features. 

 This chapter is an introduction to the two principal topics of this book: LINQ and the ADO.NET Entity 
framework.     

 Microsoft ’ s Server and Tools Division dropped EF and its components from the release - to -
 manufacturing (RTM) version Visual Studio 2008 on April 29, 2007. The ADO.NET Team 
subsequently released EF CTP and Beta editions with the intention of adding it to VS 2008 and .NET 
3.5 in the first half of 2008. EF and EDM released with .NET 3.5 SP1 and VS 2008 SP1 on August 11, 
2008. This book was written with the RTM versions of .NET 3.5 SP1 and VS 2008 SP1.    

  Language Integrated Query ( LINQ ) 
 LINQ is a revolutionary programming methodology that transforms the relationship between programs 
and data. LINQ defines a .NET application programming interface (API) and set of extensions to the 
Visual Basic and C# languages that enables querying diverse data types with a single syntax that ’ s 
similar to Structured Query Language (SQL). Writing queries in your .NET language of choice enables 
strong typing and support for programmer productivity enhancing features, such as statement 
completion and IntelliSense. 

 The LINQ framework permits custom extensions to support common data types or exotic data domains. 
When this book was written, the .NET Framework and Visual Studio 2008 supported LINQ 
implementations for querying collections of in - memory objects (LINQ to Objects), tables of SQL Server 
200x databases (LINQ to SQL), ADO.NET DataSets (LINQ to DataSets), XML Infosets (LINQ to XML), 
and business entities created by the ADO.NET Entity Framework. The relative ease with which 
developers can write LINQ data providers has spawned a cottage industry of independent programmers 
who write LINQ data providers for recreation, demonstrations, presentations, or simply to demonstrate 
their C# chops. 
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 You construct LINQ queries over .NET collections with statements composed of C# 3.0 or VB 9.0 
keywords (called  LINQ Standard Query Operators   —  SQO  —  sor  standard sequence operators ), many of 
which have corresponding or similar SQL reserved words. The  System.Linq  namespace ’ s  Enumerable  
class defines the standard query operators. The .NET C# 3.0 and VB 9.0 compilers transform the query 
statements to the Common Language Runtime ’ s (CLR ’ s) intermediate language (IL) for execution. 
Therefore, the LINQ programming model is a first - class member of the .NET 3.5 Framework; it is  not an 
add - in . 

 Here ’ s the general form of a basic LINQ query, as defined by Visual Studio 2008 ’ s statement completion 
feature:

  C# 3.0  
var query = from element in collection[, from element2 in collection2]
            where condition _
            orderby orderExpression [ascending|descending][, orderExpression2 ...]
            select [alias = ]columnExpression[,[alias2 = ]columnExpression2]

     VB  9.0  
Dim Query = From Element In Collection[,Element2 In Collection2] _
            Where Condition _
            Order By OrderExpression [Ascending|Descending][, _
                OrderExpression2 ...] _
            Select [Alias = ]ColumnExpression[,[Alias2 = ]ColumnExpression2]       

 This book uses C# lower - case and VB PascalCase interchangeably, except where keywords differ between 
the two languages, such as  orderby  and  Order By  in the preceding example. Preference is give to 
PascalCase to emphasize that the words are keywords.   

 The  Dim  and  var  keywords specify  local variable type inference  for the variable  Query / query . Local 
variable type inference (LVTI) is a new C# 3.0/VB 9.0 language feature. VB ’ s new  Option Infer 
{On|Off}  statement controls LVTI, and the default for new projects is  On , which enables LVTI with 
 Option Strict On . 

 The preceding two examples correspond to this elementary SQL query syntax:

   SQL   
SELECT [Element.ColumnExpression[, Element2.ColumnExpression2] 
FROM Collection AS Element[, Collection2 AS Element2] 
WHERE Condition
ORDER BY OrderExpression [ASCENDING|DESCENDING][, OrderExpression2 ...]   

 The principal difference between LINQ and SQL queries is the position of the LINQ  From  clause, which 
determines the source of the data, at the start of the query.  From  before  Select  is necessary to enable 
IntelliSense. (SQL compilers perform this rearrangement before compiling the query.)     

 If you ’ re familiar with XQuery ’ s FLWOR ( For ,  Let ,  Where ,  Order By ,  Return ) syntax, you ’ ll 
notice the similarity of the keywords and clause sequences. XQuery ’ s  for...in  keywords correspond 
to LINQ ’ s  From ... In ; C# ’ s LINQ implementation and XQuery use  Let / let  for variable assignment. 
XQuery ’ s  return  corresponds to LINQ ’ s  Select .   
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 LINQ, SQL, and XQuery are  declarative  programming languages. In contrast, C#, VB, Java, and Fortran 
are  imperative  languages. Declarative languages describe the programmer ’ s goal, while imperative 
programs describe a specific series of steps or algorithms to achieve the goal. LINQ ’ s use of a declarative 
query language enables the LINQ API and its extensions to optimize query processing at runtime in the 
same manner as SQL query optimizers. 

 You can query any information source that exposes the  IEnumerable < T >   or  IQueryable < T >   interface. 
Almost all .NET collections implement  IEnumerable < T >  , which .NET 2.0 introduced.  IQueryable < T >   
is a new, enhanced version of  IEnumerable < T >   that enables dynamic queries and other query features.     

 Chapter  2  includes an introduction to the standard query operators, as well as the  IEnumerable < T >   
and  IQueryable < T >   interfaces.   

 Third parties can create their own LINQ implementations by exposing the  IEnumerable < T >   interface 
for their collection(s) with extension methods. Following in alphabetical order are some of the more 
imaginative third - party LINQ implementations that were available when this book was written: 

   LINQ to Amazon  by Fabrice Marguerie was the first generally available third - party LINQ 
provider. LINQ to Amazon returns lists of books meeting specific criteria.  

   LINQ to Expressions  (MetaLinq) by Aaron Erickson (the developer of Indexes for Objects, i4o) 
lets you query over and edit expression trees with LINQ. Like .NET strings, LINQ expression 
trees are immutable; LINQ to Expressions changes a LINQ expression by making a copy, 
modifying the copy, and then replacing the original.  

   LINQ to Flickr  by Mohammed Hossam El - Din uses the open - source FlickrNet C# library for 
digital images as its infrastructure.  

   LINQ to LDAP  by Bart de Smet is a  “ query provider for LINQ that ’ s capable of talking to Active 
Directory (and other LDAP data sources potentially) over LDAP. ”   

   LINQ to NHibernate  by Ayende Rahien (a.k.a. Oren Eini) translates LINQ queries to 
NHibernate Criteria Queries and was in the process of updating to .NET 3.5 when this book was 
written.  

   LINQ4SP  by L & M Solutions of Hungary is an implementation of LINQ for SharePoint lists by 
an independent SharePoint specialist.  

   LINQ to Streams  by Oren Novotny, this book ’ s technical editor, processes continuous data 
streams, such as stock tickers, network monitors, and sensor data.        

 Chapter  8  describes several of the preceding third - party LINQ flavors, and other Microsoft incubator 
implementations. The OakLeaf Systems blog provides a permanent, up - to - date list of third - party 
LINQ implementations at  http://oakleafblog.blogspot.com/2007/03/third - party -
 linq - providers.html .   

 The LINQ standard query operators apply to all implementations, so developers don ’ t need to learn new 
query languages or dialects, such as SQL for relational databases, eSQL for the Entity Framework and 
EDM, XPath, or XQuery for XML Infosets, Lightweight Directory Access Protocol (LDAP) to query 
Active Directory and other LDAP - based directory systems, Collaborative Application Markup Language 
for SharePoint, and HibernateSQL (HSQL) for NHibernate. 
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 The sections that follow briefly describe Microsoft ’ s LINQ implementations for the release version of 
Visual Studio 2008, which are illustrated by Figure  1 - 1 . The ADO.NET team owns the LINQ to ADO.NET 
group members, which includes LINQ to Entities, LINQ to DataSets, and LINQ to SQL. The C# group 
owns the LINQ specification and LINQ to Objects, the ASP.NET team owns the LinqDataSource and 
EntityDataSource, and the XML Data Programmability team is responsible for LINQ to SQL and EF/
EDM. The XML team handles LINQ to XML and is indirectly responsible for LINQ to XSD.   

LINQ to
Objects

LINQ to
Entities

LINQ to
DataSets

LINQ to
SQL

LINQ to
DataSource

Entity
Framework ASP.NET

LINQ to
XML/XSD

Visual
Basic 9.0

Other
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LINQ to ADO.NET

Language Integrated Query (LINQ)
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  <title/>
  <author/>
  <year/>
  <price/>
</book>

In-Memory
Objects

Entity Data
Model

Relational
Data Store

Web Pages
with Databound

Controls

XML Document
or Schema

Figure 1-1

 The chapters of Part II,  “ Introducing Language Integrated Query, ”  provides detailed coverage of 
extensions to the C# 3.0 and VB 9.0 languages to support LINQ and shows you the inner workings of 
LINQ to Objects. Part III,  “ Applying Domain - Specific LINQ Implementations, ”  covers LINQ to SQL, the 
ASP.NET LinqDataSource, LINQ to DataSets, and LINQ to XML/LINQ to XSD. Chapter  12  explains 
the differences between LINQ to Entities and LINQ to SQL. 

   LINQ  to Objects 
 LINQ to Objects is Microsoft ’ s default LINQ implantation, which is included in the .NET Framework 
3.5 ’ s System.Core.dll library. This means that it also is part of the Dynamic Language Runtime (DLR) 
that Microsoft announced at the MIX07 conference at the end of April 2007. The DLR release version will 
support JavaScript, IronPython, IronRuby, and the next VB version, VB 10.0 but currently called  VBx . 
Silverlight 2 uses System.Core.dll to support LINQ and also supports LINQ to XML.     
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 According to Paul Vick, the author of the VB.NET language specification,  “ Part of VBx is a hostable 
managed component (written in Visual Basic, no less!) built on top of the DLR. Since Silverlight can 
host DLR languages, this enables you to send Visual Basic code to a Silverlight instance and have it 
dynamically compiled and run. ”  The XML Data Programmability team plans to support LINQ to XML 
in the DLR under Silverlight. VBx currently is the only DLR language that will support LINQ or 
LINQ to XML, but you can mix VBx source code with that of other dynamic languages.   

  Sample  LINQ  Queries 
 Following is the C# 3.0 version of a LINQ query (\WROX\ADONET\Chapter01\CS
\LINQforProcesses\LINQforProcessesCS.sln) that lists the name, memory consumption of the working 
set in bytes, and the number of threads for all processes running on your computer that have spawned 
more than 10 threads. The  orderby  clause sorts the list in descending order of memory consumed. 
VS automatically formats the LINQ query as you type it. 

   C# 3.0  
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Diagnostics;
                   
namespace LINQforProcessesCS
{
  class LINQConsole
  {
    static void Main(string[] args)
    {

          var procs = from proc in Process.GetProcesses()
          where proc.Threads.Count  >  10
          orderby proc.WorkingSet64 descending 
          select new { proc.ProcessName, Memory = proc.WorkingSet64, 
            Threads = proc.Threads.Count };
                   
    foreach (var proc in procs)
      Console.WriteLine(proc);
    Console.ReadLine();
    }
  }
}   

 When you create a C# console project, the Console Application template adds the first five  using  
directives, which include  using System.Linq . The  System.Diagnostics.Process
.GetProcesses()  method has many properties so specifying  select proc , which would write out all 
property values, isn ’ t very useful. Specifying a  projection  (specific field list) rather than the  proc  object 
(the equivalent of SQL ’ s   *  ) requires adding a  new  constructor to  select . The  select  projection aliases 
 WorkingSet64  with  Memory  and  Count  with  Threads  to produce the following console output: 

{ ProcessName = devenv, Memory = 72781824, Threads = 21 }
{ ProcessName = devenv, Memory = 64450560, Threads = 23 }
{ ProcessName = svchost, Memory = 51621888, Threads = 35 }
{ ProcessName = explorer, Memory = 31342592, Threads = 31 }
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{ ProcessName = LINQforProcessesCS.vshost, Memory = 21598208, Threads = 13 }
...
{ ProcessName = taskeng, Memory = 8331264, Threads = 16 }
{ ProcessName = sqlservr, Memory = 5091328, Threads = 24 }
{ ProcessName = System, Memory = 2818048, Threads = 108 }
{ ProcessName = lsass, Memory = 1589248, Threads = 14 }  

 Figure  1 - 2  shows Visual Studio 2008 ’ s C# IntelliSense output for the query ( procs ) object.   

Figure 1-2

 Following is the VB 9.0 version (\WROX\ADONET\Chapter01\VB\LINQforProcesses
\LINQforProcessesVB.sln) of the preceding query. The VB Console Application template doesn ’ t add 
 Imports  directives for you, so you must add the  Imports System.Linq  directive manually. Setting 
 UseSimpleSelect = False  formats the output to duplicate that of the C# query.
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   VB  9.0  
Option Explicit On
Option Strict On
Option Infer On
                   
Imports System.Linq
Imports System.Diagnostics
                   
Module Module1
  Sub Main()
    Dim UseSimpleSelect = False 
    If UseSimpleSelect Then
      ‘Outputs “WorkingSet64 = “ and “Count = “

      Dim Procs = From Proc In Process.GetProcesses _
                  Where Proc.Threads.Count  >  10 _
                  Order By Proc.WorkingSet64 Descending _
                  Select Proc.ProcessName, Proc.WorkingSet64, Proc.Threads.Count

      For Each Proc In Procs
        Console.WriteLine(Proc)
      Next
    Else
      ‘Outputs “Memory = “ and “Threads = “

      Dim Procs = From Proc In Process.GetProcesses _
                  Where Proc.Threads.Count  >  9 _
                  Order By Proc.WorkingSet64 Descending _
                  Select New With {Proc.ProcessName, .Memory = Proc.WorkingSet64, _
                    .Threads = Proc.Threads.Count}

      For Each Proc In Procs
        Console.WriteLine(Proc)
      Next
    End If
    Console.ReadLine()
  End Sub
End Module   

 VB ’ s query syntax differs from the C# flavor primarily by keyword proper capitalization, but  Order By  
(with a space) replaces  orderby . VB doesn ’ t require the  New  constructor unless you add aliases, such as 
 Memory  and  Threads , in which case you must add the VB - specific  New With  constructor for the  Select  
projection. 

 VB ’ s statement completion and IntelliSense for LINQ queries differs dramatically from C# ’ s, as 
illustrated by Figure  1 - 3 . This figure is a multiple exposure to demonstrate LINQ query statement 
completion with the common keywords shown in the list box on the left, and IntelliSense for the 
keywords within the query code.    

c01.indd   11c01.indd   11 12/22/08   12:03:13 PM12/22/08   12:03:13 PM



12

Part I:        Getting a Grip on  ADO.NET  3.5

   LINQ  Data Binding with the ToList() Operator 
 One of the common uses of LINQ queries is as a relatively lightweight data source for databound controls. 
You can change the data type of the query variable from the default  IEnumerable < T >   to a generic 
 Array < T >  ,  Dictionary < T >  ,  List < T >  , or  Lookup < T >  , where   < T >   is an Anonymous Type, with the 
 ToArray() ,  ToDictionary() ,  ToList() , or  ToLookup()  operator, respectively. A  ToBindingList()  
operator was present in early CTPs, but it was removed from Visual Studio Orcas Beta1 with the 
recommendation that the query variable itself serve as the data source. This works for some databound 
controls but not for ASP.NET paged DataGrid controls. Applying the  ToList()  operator adds support for 
DataGrid paging.     

Figure 1-3
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 ASP.NET ’ s LinqDataSource, which closely resembles the SqlDataSource, supports all features of the 
SqlDataSource, including paging and create, retrieve, update and delete (CRUD) operations. For more 
information see this chapter ’ s  “ LinqDataSource ”  topic or Chapter  5 .   

 The following C# code behind the  Processes.aspx  page of the sample file system WebSite project 
(\WROX\ADONET\Chapter01\CS\LINQforBinding\LINQforBindingCS.sln) applies the  ToList()  
operator to the LINQ query, designates the  List < T >   as the DataGrid ’ s DataSource property, and then 
invokes the  DataBind  method to display the two pages of process data. As was the case for console 
apps, the starting codebehind class for  Default.aspx  pages includes a  using System.Linq  directive.

  C# 3.0  
using System;
using System.Data;
using System.Configuration;
using System.Linq;
using System.Web;
using System.Web.Security;
using System.Web.UI;
using System.Web.UI.WebControls;
using System.Web.UI.WebControls.WebParts;
using System.Web.UI.HtmlControls;
using System.Diagnostics;
                   
public partial class _Processes : System.Web.UI.Page 
{
  protected void Page_Load(object sender, EventArgs e)
  {

    var procs = (from proc in Process.GetProcesses()
                 where proc.Threads.Count  >  10
                 orderby proc.WorkingSet64 descending
                 select new
                   { proc.ProcessName,
                     Memory = proc.WorkingSet64,
                     Threads = proc.Threads.Count

                   }).ToList();
    ProcessesGridView.DataSource = procs;
    ProcessesGridView.DataBind();
  }
}   

 Figure  1 - 4  shows the populated DataGrid   .
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 Here ’ s the VB code in the  Processes.aspx.vb  file of the VB version of  Processes.aspx  page.

   VB  9.0  
Option Explicit On
Option Strict On
Option Infer On
                   
Imports System.Linq
Imports System.Diagnostics
                   
Partial Class _Processes
  Inherits System.Web.UI.Page
                   
  Protected Sub Page_Load(ByVal sender As Object, _
    ByVal e As System.EventArgs) Handles Me.Load

    Dim Procs = (From Proc In Process.GetProcesses _
                 Where Proc.Threads.Count  >  9 _
                 Order By Proc.WorkingSet64 Descending _
                 Select New With {Proc.ProcessName, .Memory = Proc.WorkingSet64, _
                   .Threads = Proc.Threads.Count}).ToList
    Me.ProcessesGridView.DataSource = Procs
    Me.ProcessesGridView.DataBind()
  End Sub
End Class   

Figure 1-4
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 The LINQforProcesses and LINQforBinding applications and their sample code demonstrate that 
substituting LINQ queries and their set manipulation techniques for conventional procedural code that 
operates on collections can save developers a substantial amount of planning and coding time.     

 There ’ s an additional pair of sample projects (\WROX\ADONET\Chapter01\CS \LINQforArrays\
LINQ forArraysCS.sln and \WROX\ADONET\Chapter01\VB \LINQ forArrays\LINQ  forArraysVB.sln) 
to demonstrate similar LINQ queries on arrays of strings.     

   LINQ  to  SQL  
 LINQ to SQL is more than just a LINQ implementation for relational databases; it includes an easy - to -
 use graphical object/relational mapping (O/RM) tool. The O/RM tool generates an entity class for each 
table you select from the SQL Server 200x database to which the project connects. The tool also generates 
an  association  that corresponds to each foreign - key constraint. Associations eliminate the need to specify 
joins in LINQ queries that include projections of fields from related tables. The ability to navigate 
associations is an important feature of LINQ implementations and the Entity Framework. 

 The advantage of moving from the relational model of tables, rows, and keys to the entity model of 
entity classes, entity instances, and associations is that entities can  —  and usually do  —  represent 
business objects, such as customers, partners, vendors, employees, products, and services. If your 
databases are highly normalized, like the AdventureWorks sample database, you ’ ll probably need one or 
more joins and  WHERE  clause criteria to represent a customer or employee. Adopting an entity model 
enables developers to design real - world objects with custom properties, associations, and behaviors 
suited to the organization ’ s business processes.     

 LINQ to SQL is intended for 1:1 mapping of tables:entities, although it does have limited support for 
entity inheritance of the Table - per - Hierarchy (TPH) type based on discriminator columns. Read - only 
entities can be based on views or stored procedures. The Entity Framework ’ s Entity Data Model 
supports joining multiple tables to create a single updatable entity, as well as several types of entity 
inheritance.   

 It ’ s easy to create object data sources from LINQ to SQL classes. Dragging Details View or DataGridView 
icons from the Data Sources window to a Windows form generates a BindingNavigator for the parent 
table, and Binding Sources and bound text boxes or DataGridView controls for all tables. The process is 
almost identical to that for adding DataGridViews or text boxes bound to typed DataSets.     

 The LINQforNwind sample projects (\WROX\ADONET\Chapter01\CS \LINQforNwind
\LINQforNwindCS.sln and \WROX\ADONET\Chapter01\VB \LINQforNwind
\LINQforNwindVB.sln) expect to find a local SQL Server 2005+ instance with the Northwind sample 
database installed (not attached from a data directory). You ’ ll find instructions for attaching the 
 Northwind.mdf  and  Northwind_log.ldf  files to SQL Server 2005+ Express in the  “ Setting Up 
the Northwind Sample Database ”  section of this book ’ s introduction.   

  Mapping Tables to Entities with the  LINQ  to  SQL OR  Designer 
 Adding a new LINQ to SQL File to your Windows project opens an empty OR Designer surface for the 
  DatabaseName .dbml  mapping layer file,  Northwind.dbml  for this example. Dragging table icons from 
the Server Explorer (Database Explorer with Visual Studio 2008 Express versions) to the designer surface 
adds graphical class tools (widgets) to represent autogenerated entities and connection lines for 
associations, as shown in Figure  1.5 .   
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  C# 3.0  
        public global::System.Data.Linq.Table < Order_Detail >  Order_Details {
            get {
                return this.GetTable < Order_Detail > ();
            }
        }

     VB  9.0  
    Public ReadOnly Property Order_Details() As _
        Global.System.Data.Linq.Table(Of Order_Detail)
        Get
            Return Me.GetTable(Of Order_Detail)
        End Get
    End Property   

 Autogenerated entity class code uses attributes (emphasized in the following two listings) to map the 
underlying relational table, columns, and foreign - key constraints to the entity, properties, and 
associations, as shown in the following abbreviated listings for the  Order_Detail  entity:

  C# 3.0  
[Table(Name=”dbo.[Order Details]”)]
public partial class Order_Detail : INotifyPropertyChanging, INotifyPropertyChanged
{
   private static PropertyChangingEventArgs emptyChangingEventArgs = 
       new PropertyChangingEventArgs(String.Empty);
   private int OrderID;
   private int ProductID;
   private decimal UnitPrice;
   private short Quantity;
   private float Discount;
   private EntityRef < Order >  Order;
   private EntityRef < Product >  Product;...
   public Order_Detail()
   {
      this._Order = default(EntityRef < Order > );
      this._Product = default(EntityRef < Product > );
      OnCreated();
   }
   
   [Column(Storage=”_OrderID”, DbType=”Int NOT NULL”, IsPrimaryKey=true)]
   public int OrderID
   {
      get
      {
         return this._OrderID;
      }
      set
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      {
         if ((this._OrderID != value))
         {
            if (this._Order.HasLoadedOrAssignedValue)
            {
               throw new 
                  System.Data.Linq.ForeignKeyReferenceAlreadyHasValueException();
            }
            this.OnOrderIDChanging(value);
            this.SendPropertyChanging();
            this._OrderID = value;
            this.SendPropertyChanged(“OrderID”);
            this.OnOrderIDChanged();
         }
      }
   }
...
   [Association(Name=”Order_Order_Detail”, Storage=”_Order”, 
      ThisKey=”OrderID”, OtherKey=”OrderID”, IsForeignKey=true)]
   public Order Order
   {
      get
      {
         return this._Order.Entity;
      }
      set
      {
         Order previousValue = this._Order.Entity;
         if (((previousValue != value) 
                  || (this._Order.HasLoadedOrAssignedValue == false)))
         {
            this.SendPropertyChanging();
            if ((previousValue != null))
            {
               this._Order.Entity = null;
               previousValue.Order_Details.Remove(this);
            }
            this._Order.Entity = value;
            if ((value != null))
            {
               value.Order_Details.Add(this);
               this._OrderID = value.OrderID;
            }
            else
            {
               this._OrderID = default(int);
            }
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            this.SendPropertyChanged(“Order”);
         }
      }
   }
...
}
 }
...

     VB  9.0  
 < Table(Name:=”dbo.[Order Details]”) >   _
Partial Public Class Order_Detail
   Implements System.ComponentModel.INotifyPropertyChanging, _
      System.ComponentModel.INotifyPropertyChanged
   Private Shared emptyChangingEventArgs As PropertyChangingEventArgs = _
      New PropertyChangingEventArgs(String.Empty)
   Private _OrderID As Integer
   Private _ProductID As Integer
   Private _UnitPrice As Decimal
   Private _Quantity As Short
   Private _Discount As Single
   Private _Order As EntityRef(Of [Order])
   Private _Product As EntityRef(Of Product)
   ...
    < Column(Storage:=”_OrderID”, DbType:=”Int NOT NULL”, IsPrimaryKey:=true) >   _
   Public Property OrderID() As Integer
      Get
         Return Me._OrderID
      End Get
      Set
         If ((Me._OrderID = value)  _
                  = false) Then
            If Me._Order.HasLoadedOrAssignedValue Then
               Throw New _
                  System.Data.Linq.ForeignKeyReferenceAlreadyHasValueException
            End If
            Me.OnOrderIDChanging(value)
            Me.SendPropertyChanging
            Me._OrderID = value
            Me.SendPropertyChanged(“OrderID”)
            Me.OnOrderIDChanged
         End If
      End Set
   End Property
   ...
    < Column(Storage:=”_UnitPrice”, DbType:=”Money NOT NULL”) >   _
   Public Property UnitPrice() As Decimal
      Get
         Return Me._UnitPrice
      End Get
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      Set
         If ((Me._UnitPrice = value)  _
                  = false) Then
            Me.OnUnitPriceChanging(value)
            Me.SendPropertyChanging
            Me._UnitPrice = value
            Me.SendPropertyChanged(“UnitPrice”)
            Me.OnUnitPriceChanged
         End If
      End Set
   End Property
   ...
End Class   

 Decorating class and property declarations with attributes from the  System.Data.Linq  namespace 
results in  attribute - centric mapping , which is frowned upon by O/RM purists who insist on  persistence 
ignorance .  Persistence ignorance  requires the business object layer to be completely unaware of the 
technique for persisting (saving) objects and to tolerate a change in persistence methodology without 
code modification. Attributes incorporate table, column, and foreign - key constraints in entity, property, 
and association declarations. In the event of a change in the underlying relational database schema or 
vendor, you must recompile the project. Adding attributes results in the O/RM tool creating a  leaky 
abstraction  in which implementation details  “ leak through ”  into the abstraction, in this case the business 
entity.     

 LINQ to SQL also offers a command - line entity - generation tool called  SqlMetal.exe , which 
generates the same attribute - based mapping as the O/R Designer.  SqlMetal.exe  offers the option of 
generating an XML mapping file to eliminate reliance on mapping attributes. However, the persistence 
ignorance issue probably is moot for LINQ to SQL ’ s O/RM because SQL Server 200x is the only 
supported data store. Chapter  5  describes the pros and cons of substituting SqlMetal for the O/R 
Designer.   

 Entity classes implement the  INotifyPropertyChanging  and  INotifyPropertyChanged  interfaces to 
support  change tracking . Change tracking maintains a record of instance changes that result from altering 
property (private member) values. The  DataContext  implements change tracking  —  and maintains 
state and version information  —  independently of the entity instances. The  DataContext  includes event 
handlers for the  OnPropertyChanging  and  OnPropertyChanged  events. If the entity class doesn ’ t 
implement these two interfaces, the  DataContext  must create and maintain a copy of each instance, 
which consumes additional resources.  
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{
  public partial class Nwind : Form
  {

    private NorthwindDataContext dcNwind = new NorthwindDataContext();

                   
    public Nwind()
    {
      InitializeComponent();
    }
                   
    private void Nwind_Load(object sender, EventArgs e)
    {

      customerBindingSource.DataSource = dcNwind.Customers;

    }
  }
}   

 You only need to add the two highlighted lines of C# code to that generated by the Windows Form and 
LINQ to SQL File templates. For the VB version, you must add the  Imports System.Linq  directive 
yourself, as shown here:

   VB  9.0  
Imports System.Linq
                   
Public Class Nwind

  Private dcNwind As New NorthwindDataContext
                   
  Private Sub Nwind_Load(ByVal sender As Object, 
      ByVal e As System.EventArgs) Handles Me.Load

    CustomerBindingSource.DataSource = dcNwind.Customers

  End Sub
End Class    

  Emulating Joins by Navigating Associations 
 Navigating entity associations emulates an SQL - 92  INNER JOIN  between the parent table ’ s foreign key 
and the child table ’ s primary key. LINQ gives you access to entity refs and entity sets with the same dot 
notation that you use to access members. The following sample query, which uses the same  dcNwind 
DataContext  as the preceding example, illustrates the use of  EntitySet s (Orders for a  Customer , 
 Order_Details  for an Order) and  EntityRef s (Product for an Order_Detail in the  select  list.) 
A synonym for the  select  list is  projection .

  C# 3.0  
namespace LINQforJoins
{
  public partial class Joins : Form
  {
    private NorthwindDataContext dcNwind = new NorthwindDataContext();
    public Joins()
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    {
      InitializeComponent();
    }
                   
    private void Joins_Load(object sender, EventArgs e)
    {
      StringBuilder sbQuery = new StringBuilder();
                   
      var query = from c in dcNwind.Customers
                  from o in c.Orders
                  from d in o.Order_Details
                  where d.ProductID == 1  &  &  c.Country == “USA”
                  orderby o.OrderID descending
                  select new { c.CustomerID, c.CompanyName, o.OrderID, o.OrderDate,
                     d.Product.ProductName, d.Quantity };
                   
      // Append list header
      sbQuery.Append(“CustID\tOrderID\tOrderDate\t
        SkuName\tQuan/r/n”);
      // Append query results
      foreach (var o in query)
      {
        sbQuery.Append(o.CustomerID + “\t” + o.OrderID.ToString() + “\t” + 
          o.OrderDate.ToString(“MM/dd/yyyy”) + “\t” + o.ProductName + 
          “\t” + o.Quantity.ToString() + “/r/n”);
      }
    // Write to the text box
    txtResult.Text = sbQuery.ToString();
    btnExecute.Focus();
    }
  }
}   

 Here ’ s the VB version of the preceding event handler. Notice the simpler and more natural  From  clause 
syntax:

   VB  9.0  
Public Class Joins
  Private dcNwind As New NorthwindDataContext
                   
  Private Sub Joins_Load(ByVal sender As Object, _
      ByVal e As System.EventArgs) Handles Me.Load
    Dim sbQuery As New StringBuilder
                   
    Dim Query = From c In dcNwind.Customers, o In c.Orders, d In o.Order_Details _
                Where d.ProductID = 1 AndAlso c.Country = “USA” _
                Order By o.OrderID Descending _
                Select c.CustomerID, c.CompanyName, o.OrderID, o.OrderDate, _
                  d.Product.ProductName, d.Quantity
                   
    ‘ Append list header
    sbQuery.Append(“CustID”  &  vbTab  &  “OrderID”  &  vbTab  &  “OrderDate”  &  vbTab  &  _
      “SkuName”  &  vbTab  &  “Quan”  &  vbCrLf)
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    ‘ Append query results
    For Each o In Query
      sbQuery.Append(o.CustomerID  &  vbTab  &  o.OrderID.ToString  &  vbTab  &  _
        Format(o.OrderDate, “MM/dd/yyyy”)  &  vbTab  &  o.ProductName  &  vbTab  &  _
          o.Quantity.ToString  &  vbCrLf)
    Next
    ‘ Write to the text box
    txtResult.Text = sbQuery.ToString
    btnExecute.Focus()
  End Sub
End Class   

 The preceding queries populate a text box with the following list: 

CustID  OrderID  OrderDate  SkuName  Quan
SAVEA   11031    04/17/2007 Chai     45
GREAL   11006    04/21/2007 Chai     46
THECR   11003    04/06/2007 Chai     4
SAVEA   10847    01/22/2007 Chai     80
SAVEA   10700    10/10/2006 Chai     5
LONEP   10317    09/30/2005 Chai     20
RATTC   10294    08/30/2005 Chai     18  

 To make it easier for LINQ programmers to understand what ’ s going on under the covers, LINQ to 
SQL ’ s DataContext includes a  Log  property that captures the parameterized T - SQL statement sent to 
the SQL Server database from which you dragged the tables to the designer. Here ’ s the content of the log 
for the preceding query: 

SELECT [t0].[CompanyName], [t0].[CustomerID], [t1].[OrderDate], [t1].[OrderID], 
  [t3].[ProductName], [t2].[Quantity]
FROM [dbo].[Customers] AS [t0], [dbo].[Orders] AS [t1], 
  [dbo].[Order Details] AS [t2], [dbo].[Products] AS [t3]
WHERE ([t3].[ProductID] = [t2].[ProductID]) AND ([t2].[ProductID] = @p0) AND 
  ([t0].[Country] = @p1) AND ([t1].[CustomerID] = [t0].[CustomerID]) AND 
  ([t2].[OrderID] = [t1].[OrderID])
ORDER BY [t1].[OrderID] DESC
-- @p0: Input Int (Size = 0; Prec = 0; Scale = 0) NOT NULL [1]
-- @p1: Input NVarChar (Size = 3; Prec = 0; Scale = 0) NOT NULL [USA]
SqlProvider\AttributedMetaModel  

 The preceding SQL  SELECT  query is the payload for SQL Server ’ s  sp_executesql  stored procedure for 
parameterized dynamic SQL;  @p0  and  @p1  are parameter specifications and values for the query ’ s two 
parameters.     

 There ’ s a pair of sample projects (\WROX\ADONET\Chapter01\CS \LINQforJoins\
LINQforJoinsCS.sln and \WROX\ADONET\Chapter01\VB \LINQforJoins\LINQforJoinsVB.sln) 
to demonstrate the preceding and following examples of LINQ queries with joins.   
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 To generate the SQL query, LINQ first creates an  expression tree  (also called a  canonical query tree  or CQT) 
to define the  lambda expressions  that underlie the simplified  from ... where ... orderby ... select  or 
 From ... Where ... Order By ... Select  syntax. The LINQ to SQL provider, which might be better 
named  LINQ to T - SQL  or  LINQ to SQL Server  because it ’ s limited to use with Microsoft SQL Server 200x, 
defers query execution until receiving a request for enumeration, usually by encountering a  foreach  or 
 For Each  instruction. At that point, a query builder translates the expression tree into the T - SQL 
statement and invokes the  SqlClient.Command  method to send the query to the database. 
A  SqlDataReader  object returns the resultset, which the provider uses to populate an entity set.     

 Notice that the T - SQL query uses SQL - 89 equi - join syntax, which is considerably simpler (and easier to 
build) than the  Table1 [INNER|OUTER] JOIN Table2 ON Table1.Column1 = Table2
.Column2  syntax of SQL - 92. Chapter  2  explains lambda expressions and expression trees, which all 
LINQ queries use. Chapter  5  digs deeper into deferred execution and T - SQL translation.    

  Loading Child Objects Lazily or Eagerly 
 Most O/RM tools have the capability to employ  lazy loading  (also called  deferred loading  or  on - demand 
loading ) of dependent (child) objects defined by one - to - many associations. Lazy loading defers loading 
dependent objects, such as  LineItem (Order_Detail)  and  Order  entities for a specific  Customer  
object. When the business logic or presentation layer needs the dependant objects, the data layer sends a 
retrieve command to the data store automatically. Similarly, if all the entity ’ s property values aren ’ t 
needed, only those that the upper layers request are loaded. If the majority of  Customer  object retrievals 
don ’ t require associated  Order  and  LineItems  objects or product images in  LineItems  fields, lazy 
loading improves the application ’ s performance and reduces its resource consumption at the expense of 
opening and closing a pooled connection for each associated entity. If not, fetching the top - level and all 
(or a reasonable percentage of) dependent records and compact property values at once is more efficient. 
This approach is called  eager loading . 

 By default, LINQ to SQL lazy - loads all entities and property values by default; by setting the 
  DataContext .DeferredLoadingEnabled  property value to  True . You can control the eager - loading 
mode of entities and properties in code with the  DataLoadOptions  object and the  DataContext.
LoadOptions  property value. Chapter  5  explains how to set the  DeferredLoadingEnabled  property 
value in the O/R Designer and  LoadOptions  property value with code.  

  Creating Explicit Joins with  LINQ  Join  . . .  On Expressions 
 If you want to relate objects that don ’ t have predefined associations, you can take advantage of LINQ ’ s 
 join ... on / Join ... On  syntax. The following T - SQL query uses SQL - 89  JOIN  and  UNION SELECT  
statements to generate a list of cities in which Northwind  Customers  and  Suppliers  are located: 

SELECT c.City AS City, c.CompanyName, ‘Customer’ AS [Type]
FROM Customers AS c, Suppliers AS s
WHERE c.City = s.City
UNION SELECT s.City AS City, s.CompanyName, ‘Supplier’
FROM Customers AS c, Suppliers AS s
WHERE c.City = s.City
ORDER BY City  
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 Executing the preceding query in SQL Server Management Studio or VS ’ s Server Explorer generates the 
following 19 - row resultset: 

City      CompanyName                                    Type
--------- ---------------------------------------------- --------
Berlin    Alfreds Futterkiste                            Customer
Berlin    Heli S ü  ß waren GmbH  &  Co. KG                    Supplier
London    Around the Horn                                Customer
London    B’s Beverages                                  Customer
London    Consolidated Holdings                          Customer
London    Eastern Connection                             Customer
London    Exotic Liquids                                 Supplier
London    North/South                                    Customer
London    Seven Seas Imports                             Customer
Montr é al  Ma Maison                                      Supplier
Montr é al  M è re Paillarde                                 Customer
Paris     Aux joyeux eccl é siastiques                     Supplier
Paris     Paris sp é cialit é s                              Customer
Paris     Sp é cialit é s du monde                           Customer
Sao Paulo Com é rcio Mineiro                               Customer
Sao Paulo Familia Arquibaldo                             Customer
Sao Paulo Queen Cozinha                                  Customer
Sao Paulo Refrescos Americanas LTDA                      Supplier
Sao Paulo Tradi ç  ã o Hipermercados                         Customer
(19 row(s) affected)  

 You can generate the same result with the following LINQ  join ... on  clause, which resembles the 
SQL - 92 and later  INNER JOIN  pattern, and the  Union  operator:

  No longer a problem

 C# 3.0   
StringBuilder sbQuery = new StringBuilder();
                   
var query = (
             from c in dcNwind.Customers
             join s in dcNwind.Suppliers on c.City equals s.City
             select new { c.City, c.CompanyName, Type = “Customer” })
             .Union(
             from c in dcNwind.Customers
             join s in dcNwind.Suppliers on c.City equals s.City
             select new { s.City, s.CompanyName, Type = “Supplier” });
                   
foreach (var u in query)
{
    sbQuery.Append(u.City + “\t” + u.CompanyName + “\t” +
        u.Type + “/r/n”);
}
// Write to the text box
txtResult.Text = sbQuery.ToString();   

c01.indd   28c01.indd   28 12/22/08   12:03:19 PM12/22/08   12:03:19 PM



Chapter 1:                                                                                                                                                                            Taking a New Approach to Data Access in  ADO . NET  3.5        

29

 The VB query code is similar, except for casing and lack of the new constructor for the projection:

   VB  9.0  
Dim sbQuery As New StringBuilder
                   
Dim Query = ( _
From c In dcNwind.Customers _
   Join s In dcNwind.Suppliers On c.City Equals s.City _
   Select { c.City, c.CompanyName, .Type = “Customer” }) _
.Union( _
From c In dcNwind.Customers _
   Join s In dcNwind.Suppliers On c.City Equals s.City _
   Select { s.City, s.CompanyName, .Type = “Supplier” }) _

                   
‘ Append list header
sbQuery.Append(“City”  &  vbTab  &  “Company Name”  &  vbTab  &  “Type”  &  vbCrLf)
‘ Append query results
For Each u In Query
     sbQuery.Append(u.City  &  vbTab  &  u.CompanyName  &  vbTab  &  u.Type  &  vbCrLf)
Next   

 Neither version of the union query requires an  orderby / Order By  clause because SQL Server returns 
the resultset in City, CompanyName order. The two versions substitute  equals / Equals  for the expected 
 == / =  operator to make the use of the  Object.Equals  comparison explicit. 

 Here ’ s the T - SQL query generated by the expression tree with parameter values supplied for the literal 
Type column values:

   T  -  SQL   
SELECT [t4].[City], [t4].[CompanyName], @p0 AS [Type]
FROM (
    SELECT [t0].[City], [t0].[CompanyName]
    FROM [dbo].[Customers] AS [t0], [dbo].[Suppliers] AS [t1]
    WHERE [t0].[City] = [t1].[City]
    UNION
    SELECT [t3].[City], [t3].[CompanyName], @p1 AS [Type]
    FROM [dbo].[Customers] AS [t2], [dbo].[Suppliers] AS [t3]
    WHERE [t2].[City] = [t3].[City]
    ) AS [t4]
-- @p0: Input NVarChar (Size = 8; Prec = 0; Scale = 0) NOT NULL [Customer]
-- @p1: Input NVarChar (Size = 8; Prec = 0; Scale = 0) NOT NULL [Supplier]
SqlProvider\AttributedMetaModel   

 The  GroupJoin  operator ( group ... into / Group ... Into ) produces a hierarchical result that you 
process by nested iterators. A  GroupJoin  variation with the  DefaultIfEmpty  operator gives you the 
equivalent of a left outer join. You can achieve the same result by adding a subquery in the select 
projection. Chapter  4  offers example of group joins.  
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  Applying Operators to Emulate  SQL  Functions, Modifiers, and 
Operators 

 The  union()  operator is one of several LINQ standard query operators that correspond to ANSI SQL 
functions, modifiers, or operators for the  SELECT  list, such as  MIN() / Min() ,  MAX() / Max ,  COUNT() /
 Count() ,  SUM()/Sum() ,  DISTINCT / Distinct() ,  UNION / Union (),  INTERSECT / Intersect() , and 
 EXCEPT / Except() . T - SQL ’ s  TOP(n)  corresponds to LINQ ’ s  Take(n) , which you can combine with the 
 Skip(n)  operator to page the query ’ s output. These operators are methods that operate on the query 
sequence as a whole, so the generic syntax is:

  C# 3.0  
var query = (from element in collection[, from element2 in collection2]
             where condition _
             orderby orderExpression [ascending|descending][, orderExpression2 ...]
             select [alias = ]columnExpression[,[alias2 = ]columnExpression2] 
             .Operator([Parameter])[.Operator2([Parameter2])][. ...]   

 Operators of the appropriate types can be chained, as in  ... ).Distinct().Count()  or   ...  ).
Skip(10).Take(10) . The operator names use proper capitalization, so the only difference in their VB syntax 
is the optional empty parentheses:

   VB  9.0  
Dim Query = (From Element In Collection[, From Element2 In Collection2] _
             Where Condition _
             Order [By] OrderExpression [Ascending|Descending][, _
                 OrderExpression2 ...] _
             Select [Alias = ]ColumnExpression[, _
                 [Alias2 = ]ColumnExpression2]) _
             .Operator[(Parameter)][.Operator2[(Parameter2)][. ...]   

 Chapters  2 ,  3 , and  4  explain how to use the 50 standard query operators in all 14 categories.     

 The two sample projects, \WROX\ADONET\Chapter01\CS \LINQforTesting\LINQforTestingCS.
sln and \WROX\ADONET\Chapter01\VB \LINQforTesting\LINQforTestingVB.sln, demonstrate 
the preceding examples of LINQ queries with aggregate and other operators. These sample projects 
use Microsoft ’ s  ObjectDumper  utility (from the 101 Sample Queries demonstration projects) to write 
the output sequence to the console.    

  Updating Table Data 
 LINQ to SQL enables  INSERT ,  DELETE , and  UPDATE  operations on entity instances or sets with 
 EntitySet.Add(instance) ,  EntitySet.Remove(instance) , and entity property value changes. 
The  DataContext  ’ s entity change tracking system tests for concurrency conflicts when invoking the 
 SubmitChanges  method to persist the altered entities in the data store. If no conflicts occur, the updates 
complete within an implicit transaction. Alternatively, updates will run within a open transaction 
specified by the active  SqlConnection  object .

 The following event - handling code in the \WROX\ADONET\Chapter01\CS \LINQforJoins\
LINQforJoinsCS.sln project adds, updates, and deletes a customer entry having  BOGUS  as its 
 CustomerID  value:
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  C# 3.0  
private void btnAddCust_Click(object sender, EventArgs e)
{
    // Add a bogus customer

    dcNwind = new NorthwindDataContext();
    Customer objBogus = new Customer();
    objBogus.CustomerID = “BOGUS”;
    objBogus.CompanyName = “Bogus Systems, Inc.”;
    objBogus.ContactName = “Joe Bogus”;
    objBogus.ContactTitle = “Owner”;
    objBogus.Address = “1201 Broadway”;
    objBogus.City = “Oakland”;
    objBogus.Region = “CA”;
    objBogus.PostalCode = “94612”;
    objBogus.Country = “USA”;
    dcNwind.Customers.InsertOnSubmit(objBogus);

    try

    {
        dcNwind.SubmitChanges();
        ListCustomers();
    }

    catch (Exception exc)
    {
        MessageBox.Show(exc.Message, “LINQ for Joins INSERT Error”, 
            MessageBoxButtons.OK, MessageBoxIcon.Exclamation);
    }
}
                   
private void btnUpdateCust_Click(object sender, EventArgs e)
{
    try
    {
        // Edit the bogus customer

        dcNwind = new NorthwindDataContext();
        var objBogus = (from c in dcNwind.Customers
                        where c.CustomerID == “BOGUS”
                        select c).First();
        objBogus.CompanyName = “Bogus Enterprises Corp.”;
        objBogus.ContactName = “Jack Bogus”;
        dcNwind.SubmitChanges();

        ListCustomers();
    }
    catch
    {
        MessageBox.Show(“’BOGUS’ Customer not present.”, 
            “LINQ for Joins UPDATE Error”, 
            MessageBoxButtons.OK, MessageBoxIcon.Exclamation);
    }
}
                   
private void btnDeleteCust_Click(object sender, EventArgs e)
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{
    try
    {
        // Delete the bogus customer

        dcNwind = new NorthwindDataContext();
        var objBogus = (from c in dcNwind.Customers 
                        where c.CustomerID == “BOGUS” 
                        select c).First();
                   
        dcNwind.Customers.Remove(objBogus);
        dcNwind.SubmitChanges();

        ListCustomers();
    }
    catch
    {
        MessageBox.Show(“’BOGUS’ Customer not present.”, 
            “LINQ for Joins DELETE Error”, MessageBoxButtons.OK, 
            MessageBoxIcon.Exclamation);
    }
}
                   
private void ListCustomers()
{
    txtResult.Text = “”;

    var Custs = (from c in dcNwind.Customers
                 orderby c.CustomerID
                 select c).Take(10);
                   
    foreach (var cust in Custs)
        txtResult.Text += cust.CustomerID + “\t” + cust.CompanyName + “\t” + 
           cust.ContactName + “/r/n”;
}   

 Here ’ s the VB version from the \WROX\ADONET\Chapter01\VB \LINQforJoins\LINQforJoinsVB.sln 
project:

   VB  9.0  
Private Sub btnAddCust_Click(ByVal sender As System.Object, _
    ByVal e As System.EventArgs) Handles btnAddCust.Click
    ‘Add a bogus customer

    dcNwind = New NorthwindDataContext
    Dim objBogus As New Customer
    With objBogus
        .CustomerID = “BOGUS”
        .CompanyName = “Bogus Systems, Inc.”
        .ContactName = “Joe Bogus”
        .ContactTitle = “Owner”
        .Address = “1201 Broadway”
        .City = “Oakland”
        .Region = “CA”
        .PostalCode = “94612”
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        .Country = “USA”
    End With
    dcNwind.Customers.Add(objBogus)

    Try

        dcNwind.SubmitChanges()
        ListCustomers()

    Catch
        MsgBox(“’BOGUS’ Customer not present.”, MsgBoxStyle.Exclamation, _
            “LINQ for Joins INSERT Error”)
    End Try
End Sub
                   
Private Sub btnUpdateCust_Click(ByVal sender As System.Object, _
    ByVal e As System.EventArgs) Handles btnUpdateCust.Click
    ‘Update the bogus customer
    Try

        dcNwind = New NorthwindDataContext
        Dim objBogus = (From c In dcNwind.Customers _
                        Where c.CustomerID = “BOGUS” _
                        Select c).First()
        With objBogus
            .CompanyName = “Bogus Enterprises Corp.”
            .ContactName = “Jack Bogus”
            .ContactTitle = “President”
        End With
                   
        dcNwind.SubmitChanges()
        ListCustomers()

    Catch exc As Exception
        MsgBox(exc.Message, MsgBoxStyle.Exclamation, “LINQ for Joins INSERT Error”)
    End Try
End Sub
                   
Private Sub btnDeleteCust_Click(ByVal sender As System.Object, _
    ByVal e As System.EventArgs) Handles btnDeleteCust.Click
    Try

        dcNwind = New NorthwindDataContext
        Dim objBogus = (From c In dcNwind.Customers _
                        Where c.CustomerID = “BOGUS” _
                        Select c).First()
        dcNwind.Customers.Remove(objBogus)
        dcNwind.SubmitChanges()
        ListCustomers()

    Catch
        MsgBox(“’BOGUS’ Customer not present.”, MsgBoxStyle.Exclamation, _
            “LINQ for Joins DELETE Error”)
    End Try
End Sub
                   
Private Sub ListCustomers()
    txtResult.Text = “”
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    Dim Custs = (From c In dcNwind.Customers _
                 Order By c.CustomerID _
                 Select c).Take(10)
                   
    For Each cust In Custs
        txtResult.Text  & = cust.CustomerID  &  vbTab  &  _
            cust.CompanyName  &  vbTab  &  cust.ContactName  &  vbCrLf
    Next cust
End Sub   

 The code in the preceding two listings also applies to updating LINQ to Objects instances; just drop the 
 SubmitChanges  method call.  

  Generating a  SQL  Server Database with the  OR  Designer 
 Microsoft ’ s current approach to O/RM is  bottom - up : the underlying database schema drives the design of 
 business entities  (also called  domain objects ). Business entities, as mentioned earlier, are objects that 
participate in represent common business activities, such as customers, orders, products, vendors, 
employees, and candidates (for employment). Most OO software architects and developers prefer to start 
by designing the domain objects and their associations, and then create the underlying database schema, 
tables, and relationships from the domain objects specifications. This top - down approach is the 
foundation of Domain - Driven Design (DDD, also called Domain - Driven Development), a relatively new 
OO programming methodology.     

 Although OO architects and developers  prefer  to start with domain objects rather than the database 
schema, probably 10 percent or fewer of all data - intensive development projects today are amenable to 
DDD (these are often called  greenfield  projects). Another contributing factor to Microsoft ’ s preference 
for bottom - up development is the attempt to increase sales of SQL Server licenses. However, LINQ to 
SQL supports only SQL Server for bottom - up projects, as mentioned earlier, as well as top - down DDD   .

 To use the DDD approach, you drag Class widgets from the Object Relational Designer toolbox category 
to LINQ to SQL ’ s O/R Designer ’ s surface, add properties (fields), and then set their CLR and database 
datatypes, and other properties. You also can drag association lines that represent foreign - key constraints 
to the surface, and specify discriminator columns for inheritance. Chapter  5  contains examples of 
creating SQL Server 200x databases with the  DataContext.CreateDatabase  method.  

  LinqDataSource Control 
 ASP.NET ’ s LinqDataSource control is the ASP.NET server control for LINQ to SQL that corresponds to 
the traditional ObjectDataSource control when data binding data - aware controls on Web forms. Chapter 
 5  ’ s  ASP.NET Databinding with the LinqDataSource Control  section provides a detailed description of the 
control and its use with ASP.NET 3.5 Web sites and applications.   

   LINQ  to DataSets 
 The LINQ to DataSets implementation enables querying typed or untyped datasets with LINQ ’ s 
standard query syntax. Using LINQ to DataSets requires a reference to the  System.Data.
DataSetExtensions  namespace to provide the  EnumerableRowCollecton < TRow >   class.     
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 The \WROX\ADONET\Chapter01\CS \LINQ forDataSets\LINQ forDataSetsCS.sln and 
\WROX\ADONET\Chapter01\VB \LINQ forDataSets\LINQ forDataSetsVB.sln) to demonstrate 
the following examples of LINQ for DataSet queries with TableAdapters populated from the Northwind 
sample database.   

 You can sort and filter  DataTable s as  DataView s with string - based queries, such as  DataView.Sort = 
 “ OrderDate DESC ”   and  DataView.RowFilter =  “ OrderDate  < =  ‘ 1/1/2008 ’  ”  , but  DataView s 
don ’ t support joining  DataTable s. So one of the primary uses for LINQ to DataSets is delivering 
complex views over multiple related  DataTable s. For example, you might need a list of the last 10 
orders received from Northwind customers in the USA that include Chai (tea), including the customer 
name, order number, shipping date, product name (for verification), and number of cartons sold. This 
result requires joining the  DataSet  ’ s Customers, Orders, Order Details, and Products  DataTable s with 
a T - SQL query such as this:

   T  -  SQL   
SELECT TOP(10) c.CustomerID, c.CompanyName, o.OrderID, o.ShippedDate, 
p.ProductName, d.Quantity
FROM Customers AS c INNER JOIN Orders AS o ON o.CustomerID = c.CustomerID 
    INNER JOIN [Order Details] AS d ON d.OrderID = o.OrderID 
    INNER JOIN Products AS p ON p.ProductID = d.ProductID
WHERE p.ProductID = 2 AND c.Country = ‘USA’
ORDER BY o.OrderDate DESC   

 However, you can ’ t connect to the Northwind database on Northwind Trader ’ s SQL Server instance, 
execute the preceding query directly, and return a usable  DataTable . But if you ’ ve saved a copy of a 
recent Northwind  DataSet  with the four required  DataTable s as an XML file, you can load it into a 
local DataSet. 

  Joining DataSets 
 LINQ to DataSets lets you join  DataTable s of strongly typed and untyped DataSets. Strongly typed 
DataSets enable taking advantage of LINQ ’ s built - in type - checking and implicit type assignment, except 
for nullable fields of value data types.   

Strongly Typed Data Sets 
 If the  DataSet  is strongly typed ( dsNwindT ), here ’ s the LINQ to DataSets query you need to return the 
same resultset as the preceding T - SQL statement:

  C# 3.0  
var query = from c in dsNwindT.Customers
            join o in dsNwindT.Orders on c.CustomerID equals o.CustomerID
            join d in dsNwindT.Order_Details on o.OrderID equals d.OrderID
            join p in dsNwindT.Products on d.ProductID equals p.ProductID
            where p.ProductID == 2  &  &  c.Country == “USA”
            orderby o.OrderID descending
            select new { c.CustomerID, c.CompanyName, o.OrderID,
                         ShippedDate = o.Field < DateTime? > (“ShippedDate”), 
                         p.ProductName, d.Quantity };
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     VB  9.0  
Dim Query = From c In dsNwindT.Customers _
            Join o In dsNwindT.Orders On c.CustomerID Equals o.CustomerID _
            Join d In dsNwindT.Order_Details On o.OrderID Equals d.OrderID _
            Join p In dsNwindT.Products On d.ProductID Equals p.ProductID _
            Where p.ProductID = 2 AndAlso c.Country = “USA” _
            Order By o.OrderID Descending _
            Select c.CustomerID, c.CompanyName, o.OrderID, _
                ShippedDate = o.Field(Of DateTime?)(“ShippedDate”), _
                p.ProductName, d.Quantity   

 The preceding join query, as well as all other variations on the LINQ for DataSets query theme, returns 
this resultset to the console: 

{ CustomerID = RATTC, CompanyName = Rattlesnake Canyon Grocery, OrderID = 11077, 
  ShippedDate = , ProductName = Chang, Quantity = 24 }
{ CustomerID = SAVEA, CompanyName = Save-a-lot Markets, OrderID = 11030, 
  ShippedDate = 4/27/2007 12:00:00 AM, ProductName = Chang, Quantity = 100 }
{ CustomerID = RATTC, CompanyName = Rattlesnake Canyon Grocery, OrderID = 10852, 
  ShippedDate = 1/30/2007 12:00:00 AM, ProductName = Chang, Quantity = 15 }
{ CustomerID = SAVEA, CompanyName = Save-a-lot Markets, OrderID = 10722, 
  ShippedDate = 11/4/2006 12:00:00 AM, ProductName = Chang, Quantity = 3 }
{ CustomerID = SAVEA, CompanyName = Save-a-lot Markets, OrderID = 10714, 
  ShippedDate = 10/27/2006 12:00:00 AM, ProductName = Chang, Quantity = 30 }
{ CustomerID = WHITC, CompanyName = White Clover Markets, OrderID = 10504, 
  ShippedDate = 4/18/2006 12:00:00 AM, ProductName = Chang, Quantity = 12 }
{ CustomerID = WHITC, CompanyName = White Clover Markets, OrderID = 10469, 
  ShippedDate = 3/14/2006 12:00:00 AM, ProductName = Chang, Quantity = 40 }
{ CustomerID = SAVEA, CompanyName = Save-a-lot Markets, OrderID = 10440, 
  ShippedDate = 2/28/2006 12:00:00 AM, ProductName = Chang, Quantity = 45 }
{ CustomerID = SAVEA, CompanyName = Save-a-lot Markets, OrderID = 10393, 
  ShippedDate = 1/3/2006 12:00:00 AM, ProductName = Chang, Quantity = 25 }      

 LINQ ’ s  join ... on  and  Join ... On  syntax use the  equals / Equals  operator instead of the  == / =  
operator to empasize that LINQ joins require  object equality  rather than  scalar value equality .      

 Untyped Data Sets 
 Untyped DataSets, such as  dsNwindU , require designating  DataTables  by their  Name  property value, 
invoking the  AsEnumerable()  method to return an  IEnumerable < T >   collection, and typing columns 
explicitly with the  DataTable.Field < T >   method:

  C# 3.0  
var query = from c in dsNwindU.Tables[“Customers”].AsEnumerable()
            join o in dsNwindU.Tables[“Orders”].AsEnumerable() on 
                c.Field < string > (“CustomerID”) equals o.Field < string > (“CustomerID”)
            join d in dsNwindU.Tables[“Order_Details”].AsEnumerable() on 
                o.Field < int > (“OrderID”) equals d.Field < int > (“OrderID”)
            join p in dsNwindU.Tables[“Products”].AsEnumerable() on 
                d.Field < int > (“ProductID”) equals p.Field < int > (“ProductID”)
            where p.Field < int > (“ProductID”) == 2  &  &  
                c.Field < string > (“Country”) == “USA”
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            orderby o.Field < int > (“OrderID”) descending
            select new { CustomerID = c.Field < string > (“CustomerID”),
                       CompanyName = c.Field < string > (“CompanyName”),
                       OrderID = o.Field < int > (“OrderID”),
                       ShippedDate = o.Field < DateTime? > (“ShippedDate”),
                       ProductName = p.Field < string > (“ProductName”),
                       Quantity = d.Field < short > (“Quantity”) };   

 The VB 9.0 version of the preceding query can take advantage of VB ’ s bang ( ! , also called the  pling  or 
 dictionary lookup ) operator to increase the query ’ s terseness. The bang operator only works for collections 
with default properties. The  DataSet.Tables  collection doesn ’ t have a default property, but  DataTable  
does; it ’ s  Field . VB classes with the  Set Option Strict Off  directive don ’ t require strong typing; 
 Set Option Strict On  and  Set Option Infer On  directives enable inferred typing ( Option Infer 
On  is the default.) So  DataTable!FieldName  can replace  DataTable.Field(DataType)( “ FieldName ” )  
in the following example:

   VB  9.0  
Dim Query = From c in dsNwindU.Tables(“Customers”)
            Join o in dsNwindU.Tables(“Orders”) On _
                c!CustomerID Equals o!CustomerID _
            Join d in dsNwindU.Tables(“Order_Details”) On _
                o!OrderID Equals d.!OrderID
            Join p in dsNwindU.Tables(“Products”) On _
                d!ProductID Equals p.!ProductID _
            Where CInt(p!ProductID) = 2 AndAlso c!Country.ToString = “USA” _
            Order By o!OrderID Descending _
            Select c!CustomerID, c!CompanyName, o!OrderID, _
                o!ShippedDate, p!ProductName, d!Quantity   

 If you want to specify a row version as a criterion of your  where / Where  clause, you must use the 
overloaded  DataTable.Field < DataType > ( “ FieldName ” , DataRowVersion)  method in C# or 
 DataTable.Field(DataType)( “ FieldName ” , DataRowVersion)  in VB queries, as shown in the next 
section.   

  Navigating Entity Set Associations 
 Invoking a foreign key field ’ s  GetChildRows  method produces a result that ’ s similar to a join, except 
that the rows returned from a strongly typed DataSet are untyped. Navigating one - to - many associations, 
such as  Customers.CustomerID  to  Orders.CustomerID , returns an entity set; navigating many - to - one 
associations created with  GetParentRow , such as  Order_Details.ProductID  to  Products.
ProductID  returns an entity reference ( EntityRef ). Following are queries against an untyped DataSet 
that demonstrate  DataRowVersion  and  RowState  filter criteria:

  C# 3.0  
var query = from c in dsNwindU.Tables[“Customers”].AsEnumerable()
            from o in c.GetChildRows(“FK_Orders_Customers”) 
            from d in o.GetChildRows(“FK_Order_Details_Orders”) 
            from p in d.GetParentRows(“FK_Order_Details_Products”) 
            where p.Field < int > (“ProductID”) == 2 
                 &  &  c.Field < string > (“Country”) == “USA” 
                 &  &  d.Field < short > (“Quantity”, DataRowVersion.Original)  >  1 
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                 &  &  d.RowState == DataRowState.Unchanged
            orderby o.Field < int > (“OrderID”) descending 
            select new {
                   CustomerID = c.Field < string > (“CustomerID”),
                   CompanyName = c.Field < string > (“CompanyName”),
                   OrderID = o.Field < int > (“OrderID”),
                   ShippedDate = o.Field < DateTime? > (“ShippedDate”),
                   ProductName = p.Field < string > (“ProductName”),
                   Quantity = d.Field < short > (“Quantity”) };   

 Notice that the  AsEnumerable()  method isn ’ t required for entities specified by foreign key constraints; 
the first  AsEnumerable()  invocation applies to child tables also. 

 VB requires replacing the bang ( ! ) operator with the dot ( . ) operator when invoking  GetChildRows :

   VB  9.0  
Dim Query = From c In dsNwindU.Tables(“Customers”), _
            o In c.GetChildRows(“FK_Orders_Customers”), _
            d In o.GetChildRows(“FK_Order_Details_Orders”), _
            p In d.GetParentRows(“FK_Order_Details_Products”) _
            Where CInt(p!ProductID) = 2 _
               AndAlso c!Country.ToString = “USA” _
               AndAlso d.Field(Of Short)(“Quantity”, DataRowVersion.Original)  >  1 _
               AndAlso d.RowState = DataRowState.Unchanged _
            Order By o!OrderID Descending _
            Select c!CustomerID, c!CompanyName, o!OrderID, _
                   O!ShippedDate, p!ProductName, d!Quantity   

 The  DataRowVersion  and  DataRowState  criteria are meaningless in this case, because the 
LINQforDataSets sample projects don ’ t include code to update the  DataTable s. Chapter  5  illustrates 
code to update DataSets and use the new  TableAdapterManager.UpdateAll()  method. 

 Overloads of the  System.Data.DataSetExtensions.CopyToDataTable()  function let you export 
 DataRow s from LINQ to DataSets or sequences from other LINQ implementations to new or existing 
 DataTable s that stand alone or are members of a  DataSet . You ’ ll find sample code for loading LINQ to 
Entity sequences into  DataTable s in Chapter  5 .   

   LINQ  to Entities 
 LINQ to Entities is the last member of the LINQ to ADO.NET trio. LINQ to Entities depends on projects 
developed with the ADO.NET Entity Data Model template to implement the Entity Framework and its 
conceptual schema mapped from the database ’ s storage (physical) schema. LINQ to Entities is the 
optional top member of the Entity Framework stack, operates against the Object Services layer, and 
translates the query expression to Entity SQL. The initial eSQL version can ’ t handle  INSERT , or  UPDATE  
or  DELETE  queries, so you must use LINQ to Entities to perform these operations.     

 This chapter ’ s  “ The Entity Framework and Entity Data Model ”  section provides a brief introduction to 
the Entity Framework and EDM. The book ’ s Part IV,  “ Introducing the ADO.NET Entity Framework, ”  
and Part V,  “ Implementing the ADO.NET Entity Framework, ”  cover the Entity Framework and EDM 
thoroughly.   
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 On the surface, the process of executing a LINQ to Entities query and its syntax is identical to that for a 
LINQ to SQL query. Here are the most significant differences you ’ ll find: 

   ObjectContext  replaces LINQ to SQL ’ s  DataContext  as the topmost object. If you specified 
 Northwind  as the as the Entity Data Model name and accepted the default  NorthwindEntity  
as the  ConnectionString  name when you created the EDM from the template, returns the 
 ObjectContext with the Northwind.NorthwindEntity type.   

  Code generation doesn ’ t singularize table names as entity names; you can change the entity 
names in a partial class, with the graphical EDM designer, or with a third - party tool such as 
Huagati Systems ’  DBML/EDMX Tool utility.  

   ObjectContext.SaveChanges()  replaces  DataContext.SubmitChanges() .  

  Creating a new entity replaces  DataContext.TableName.Add(Entity)  method with 
 ObjectContext.AddObject( “ EntitySetName ” , Entity)  and deleting an entity replaces the 
LINQ to SQL method  DataContext.TableName.Remove(Entity)  with  ObjectContext
.DeleteObject(Entity) . The process for updating an entity remains unchanged.    

 LINQ to Entities doesn ’ t differ significantly from LINQ to SQL syntax because EF ’ s  ObjectContext  and 
LINQ to SQL ’ s  DataContext  share similar architectures.  

   LINQ  to  XML  
 One of the initial objectives for LINQ during its early incubation stage as Microsoft Research ’ s Xen and 
C ω  (C - Omega) programming languages for .NET was to unify query syntax for XML documents with 
that for relational databases and in - memory objects. The seminal  “ Programming with Circles, Triangles 
and Rectangles ”  paper by Eric Meijer of Microsoft ’ s Web Data Team and Wolfram Schulte from Microsoft 
Research ( http://research.microsoft.com/ 

˜
 emeijer/Papers/XML2003/xml2003.html ), 

presented at the XML 2003 conference in Philadelphia, proposed a common API with C# extensions for 
querying objects (circles), XML documents (triangles, representing a hierarchy), and relational databases 
(rectangles representing tables). 

 LINQ to XML (formerly  XLinq ) applies the LINQ pattern to VB 9.0 and C# 3.0 queries over well - formed 
XML Infoset documents or fragments. LINQ to XML also implements its own in - memory XML 
Programming API, which represents a substantial improvement to the XML Document Object Model 
(XML DOM). Unlike other LINQ implementations for specific data domains, which concentrate on 
extracting data, LINQ to XML lets you compose simple or complex XML documents easily. VB 9.0 has 
language extensions that make XML composition much simpler than with C# 3.0. 

   LINQ  to  XML  ’ s Objects 
 The  System.Xml.Linq  namespace defines bottom - level XML document objects:  XDocument  and 
 XElement , both of which inherit from  XContainer , which in turn inherits from  XNode .  XElement , is the 
LINQ to XML ’ s fundamental object. Unlike the XML DOM, which depends on a topmost  XmlDocument  
object to which you add  XmlElement  objects, use of the  XDocument  object is optional. You can work 
directly with  XElement s directly by creating them, loading them from a file, or saving them to a writer 
instance. The most common reason to use an  XDocument  object is to add or include an XML declaration 
( XDeclaration ), processing instruction ( XProcessingInstruction ), comment ( XComment ), or any 
combination of these elements to the start of the document.  XAttribute  objects specify attribute name -
 value pairs. Figure  1 - 9  is LINQ to XML ’ s class hierarchy diagram; the hierarchy is determined by the 

❑

❑

❑

❑
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object ’ s inheritance. Although  XDocument  and  XElement  are at the bottom of the hierarchy, these two 
objects are fundamental to LINQ to XML.   

XName XNamespace XNode XDeclaration XAttribute XStreaming-
Element

XDocument XElement

XText XComment XContainer XDocument-
Type

XProcessing-
Instruction

Figure 1-9

 Using LINQ to XML features requires a reference to the  System.Xml.Linq  namespace, which is present 
by default in VB 9.0 and C# 3.0 projects.  

  Querying  XML  Documents 
 The most common use of LINQ to XML is for composing or transforming XML documents but this 
chapter ’ s primary purpose is to illustrate the LINQ query syntax that ’ s common to all data domains that 
Microsoft LINQ implementations support. You use the  XDocument.Load(uri[, LoadOptions])  or 
 XElement.Load(uri[, LoadOptions])  to import an existing XML document from a file, URL, 
 TextReader  or  XmlReader .     

 LINQ forXMLQuery1CS.sln, LINQ forXMLQuery2CS.sln, LINQ forXMLQuery1VB.sln, 
and LINQ forXMLQuery2VB.sln are the sample projects for this section located in the \WROX
\ADONET\Chapter01\CS and VB folders, respectively. The XML source documents are in 
\WROX\ADONET\Chapter7\Data. Chapter  7 ,  “ Manipulating XML Documents with LINQ to 
XML, ”  delivers detailed coverage of the LINQ to XML implementation.   

 Here ’ s the code to open an Orders document and generate an XML fragment that contains all Order 
elements for U.S. customers in descending OrderID order:

  C# 3.0  
namespace LINQforXMLQuery1
{
    class LINQforXML
    {
        static void Main(string[] args)
        {
            // Return an XML fragment containing US orders in descending date order
            XDocument xdOrders = 
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                XDocument.Load(@”\WROX\ADONET\Chapter07\Data\Nwind\Orders.xml”, 
                LoadOptions.PreserveWhitespace);
                   
            var query = from o in xdOrders.Descendants(“Order”)
                        where o.Element(“ShipCountry”).Value == “USA”
                        orderby o.Element(“OrderID”).Value descending
                        select o;
                   
            // Write out the fragment
            foreach (var o in query)
                Console.WriteLine(o);
            Console.ReadLine();
        }
    }
}   

 The  xdOrders.Descendants( “ ElementName ” )  statement returns an  IEnumerable < XElement >   
type of the child elements of an  XDocument  or  XElement  type,   < Order >   for this example. 
 o.Element( “ ElementName ” )  returns an  XElement ; the  Value  property returns the element ’ s text as a 
 string . (The  Value  property returns the text of the first item of an  IEnumerable < XElement >   or 
 IEnumerable < XAttribute >   object. The source document is late - bound, so there ’ s no IntelliSense for 
element names. LINQ to XSD, which is the subject of a later section, enables strong typing and 
IntelliSense from an XML schema for the document. 

 VB 9.0 has shortcut syntax, which Microsoft calls  XML axis properties , for the  Descendants  and  Element  
methods as shown in the second query expression of this example:

   VB  9.0  
Module LINQforXMLQuery1
    Sub Main()
        ‘ Return an XML fragment containing US orders in descending date order 
        Dim xdOrders As XDocument = _
            XDocument.Load(“\WROX\ADONET\Chapter07\Data\Nwind\Orders.xml”, _
            LoadOptions.PreserveWhitespace)
                   
        ‘ Conventional XML query expression syntax

        Dim Conven = From o In xdOrders.Descendants(“Order”) _
                     Where o.Element(“ShipCountry”).Value = “USA” _
                     Order By o.Element(“OrderID”).Value Descending _
                     Select o
                   
        ‘ VB axis properties XML query expression syntax

        Dim Shortcut = From o In xdOrders... < Order >  _
                       Where o. < ShipCountry > .Value = “USA” _
                       Order By o. < OrderID > .Value Descending _
                       Select o
                   
        ‘ Write out the fragment
        For Each o In Shortcut
            Console.WriteLine(o)
        Next
        Console.ReadLine()
    End Sub
End Module    
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 The  xdOrders ...  < Order >   descendants axis property is similar to the conventional  xdOrders.
Descendants( “ Order ” )  syntax. It finds the   < Order >   element no matter how deeply it ’ s nested. The 
 o. < OrderID > .Value  child axis property is equivalent to  o.Element( “ ShipCountry ” ).Value .o.@
OrderID     

 Adding an XML schema for the source document to your project enables IntelliSense for VB ’ s axis 
property syntax. Chapter  7  shows you how to infer a schema with VS 2008 ’ s XML editor and add it to 
your VB project.   

 You can join XML objects on child elements having common values with code that follows the LINQ to 
SQL pattern, such as the following:

  C# 3.0  
namespace LINQforXMLQuery2
{
    class LINQforXML
    {
        static void Main(string[] args)
        {
            // Load and join three XML files and project primary and foreign keys
            XDocument xdCustomers = 
                XDocument.Load(@”\WROX\ADONET\Chapter07\Data\Nwind\Customers.xml”, 
                LoadOptions.PreserveWhitespace);
            XDocument xdOrders = 
                XDocument.Load(@”\WROX\ADONET\Chapter07\Data\Nwind\Orders.xml”, 
                LoadOptions.PreserveWhitespace);
            XDocument xdDetails = 
                XDocument.Load(@”\WROX\ADONET\Chapter07\Data\Nwind\OrderDetails.xml”,
                LoadOptions.PreserveWhitespace);
                   
            var query = from c in xdCustomers.Descendants(“Customer”)
                        join o in xdOrders.Descendants(“Order”) on
                            c.Element(“CustomerID”).Value equals 
                            o.Element(“CustomerID”).Value
                        join d in xdDetails.Descendants(“OrderDetail”) on
                            o.Element(“OrderID”).Value equals 
                            d.Element(“OrderID”).Value
                        where c.Element(“Country”).Value == “USA”  &  & 
                            (int) d.Element(“ProductID”)  <  30
                        orderby o.Element(“OrderID”).Value descending
                        select new { CustID = c.Element(“CustomerID”).Value, 
                                     OrderID = o.Element(“OrderID”).Value,
                                     ProductID = d.Element(“ProductID”).Value 
                                   };
                   
            // Write out the values
            foreach (var o in query)
                Console.WriteLine(o);
            Console.ReadLine();
        }
    }
}
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     VB  9.0  
Module LINQforXMLQuery2
    Sub Main()
        ‘ Load and join 3 XML files on project primary and foreign keys
        Dim xdCustomers As XDocument = _
             XDocument.Load(“\WROX\ADONET\Chapter07\Data\Nwind\Customers.xml”, _
             LoadOptions.PreserveWhitespace)
        Dim xdOrders As XDocument = _
            XDocument.Load(“\WROX\ADONET\Chapter07\Data\Nwind\Orders.xml”, _
            LoadOptions.PreserveWhitespace)
        Dim xdDetails As XDocument = _
            XDocument.Load(“\WROX\ADONET\Chapter07\Data\Nwind\OrderDetails.xml”, _
            LoadOptions.PreserveWhitespace)
                   
        ‘ Axis properties XML query expression syntax
        Dim query = From c In xdCustomers.Descendants(“Customer”) _
                    Join o In xdOrders.Descendants(“Order”) _
                        On c.Element(“CustomerID”).Value Equals _
                        o.Element(“CustomerID”).Value() _
                    Join d In xdDetails.Descendants(“OrderDetail”) _
                        On o.Element(“OrderID”).Value Equals _
                        d.Element(“OrderID”).Value() _
                    Where d. < OrderID > .Value = o. < OrderID > .Value AndAlso _
                        o. < ShipCountry > .Value = “USA” AndAlso _
                        CInt(d. < ProductID > .Value)  <  30 _
                    Order By o. < OrderID > .Value Descending _
                    Select New With {.CustomerID = o. < CustomerID > .Value, _
                        .OrderID = o. < OrderID > .Value, _
                        .ProductID = d. < ProductID > .Value}
                   
        ‘ Write out the values
        For Each o In Query
            Console.WriteLine(o)
        Next
        Console.ReadLine()
    End Sub
End Module   

 Here ’ s a sampling of the first and last rows generated by the preceding two sample projects, which only 
generate values for orders that have OrderDetail.ProductID values less than 30: 

{ CustID = THECR, OrderID = 10624, ProductID = 29 }
{ CustID = SAVEA, OrderID = 10612, ProductID = 10 }
{ CustID = SAVEA, OrderID = 10607, ProductID = 7 }
{ CustID = SAVEA, OrderID = 10607, ProductID = 17 }
{ CustID = SAVEA, OrderID = 10603, ProductID = 22 }
{ CustID = RATTC, OrderID = 10598, ProductID = 27 }
...
{ CustID = RATTC, OrderID = 10294, ProductID = 1 }
{ CustID = RATTC, OrderID = 10294, ProductID = 17 }
{ CustID = RATTC, OrderID = 10272, ProductID = 20 }
{ CustID = RATTC, OrderID = 10262, ProductID = 5 }
{ CustID = RATTC, OrderID = 10262, ProductID = 7 }  
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 You also can join XML objects with entities you generate with LINQ to Objects, LINQ to SQL or LINQ to 
Entities  —  or vice versa.  

  Transforming or Creating  XML  Documents 
 As mentioned earlier, developers use LINQ to XML primarily for transforming or composing XML 
documents. Generating XML content often involves embedding LINQ to XML, LINQ to SQL, or LINQ to 
Entities queries to supply element or attribute values. Microsoft calls the standard technique for adding 
elements  functional construction . Functional construction combines starting with an optional  XDocument  
object to support an XML declaration, comment, or processing directive, a root  XElement  element, and 
adding  XAttribute s or child  XElement s with indentation that corresponds approximately to that of the 
document when opened in Internet Explorer (IE) with its XML stylesheet. When execution reaches a 
code block that returns an  IEnumerable < XElement >   or, less commonly, an 
 IEnumerable < XAttribute >   type, the compiler designates the block as a source of elements or 
attributes to add to the document under construction. 

 The following sample project builds on LINQforXMLQuery1CS.sln by replacing the missing   < Orders >   
root element for the U.S.   < Order >   fragments subset with an XML declaration, comment, and new root 
element having an  xmlns:xsi  namespace prefix designation, as well as  xsi:
noNamespaceSchemaLocation  and  generated dateTime  (ISO 8601 format) attribute/value pairs. The 
following example saves the transformed XML document as a file and opens it in IE with a  Process
.Start(FileName.xml)  instruction. The  Process  object is a member of the  System.Diagnostics  
namespace.

  C# 3.0  
namespace LINQforXMLQuery3
{
    class LINQforXML
    {
        static void Main(string[] args)
        {
            string FilePath = @”\WROX\ADONET\Chapter07\Nwind\Data\”;
            XDocument xdOrders = XDocument.Load(FilePath + “Orders.xml”, 
                LoadOptions.PreserveWhitespace);
            // Define the xmlns:xsi namespace and prefix

            XNamespace xsi = “http://www.w3.org/2001/XMLSchema-instance”;

            // Wrap the Order fragments with a root element

            XDocument Orders = 
                new XDocument(

                    // Add an XML declaration

                    new XDeclaration(“1.0”, “utf-8”, “yes”),

                    // Add a descriptive comment

                    new XComment(“Created with LINQ to XML”),

                    // Start the root element

                new XElement(“Orders”, 

                    // Add the xmlns:xsi namespace and prefix

                    new XAttribute(XNamespace.Xmlns + “xsi”, xsi),

                    // Add the noNamespaceSchemaLocation with xsi prefix

                    new XAttribute(xsi + “noNamespaceSchemaLocation”, 
                        FilePath + “Orders.xsd”),
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                    // Add the created attribute with ISO8601 date

                    new XAttribute(“generated”,
                        DateTime.Now.ToUniversalTime().ToString(“s”)), 

                        // Add the  < Order >  elements for U.S. customers

                        from o in xdOrders.Descendants(“Order”)
                        where o.Element(“ShipCountry”).Value == “USA”
                        orderby o.Element(“OrderID”).Value descending
                        select o));
                   
            Orders.Save(“Orders.xml”);
            Process.Start(“Orders.xml”); // Display the document in IE
                   
        }
    }
}   

 Here ’ s the equivalent VB 9.0 functional construction code that uses axis properties:

   VB  9.0  
Module LINQforXMLQuery3
    Sub Main()
        Dim FilePath As String = “\WROX\ADONET\Chapter07\Nwind\Data\”
        Dim xdOrders As XDocument = XDocument.Load(FilePath + “Orders.xml”, _
            LoadOptions.PreserveWhitespace)
        ‘ Add an XML declaration, descriptive comment, root element, 
        ‘ xmlns:xsi namespace and prefix, xsi:noNamespaceSchemaLocation
        ‘ attribute, created attribute, and  < Order >  elements from the U.S.
        Dim xsi As XNamespace = “http://www.w3.org/2001/XMLSchema-instance”

        Dim Orders = New XDocument( _
            New XDeclaration(“1.0”, “utf-8”, “yes”), _
            New XComment(“Created with LINQ to XML”), _
            New XElement(“Orders”, _
            New XAttribute(XNamespace.Xmlns + “xsi”, xsi), _
            New XAttribute(xsi + “noNamespaceSchemaLocation”, _
                FilePath + “Orders.xsd”), _
            New XAttribute(“generated”, _
            DateTime.Now.ToUniversalTime.ToString(“s”)), _
                From o In xdOrders... < Order >  _
                Where o. < ShipCountry > .Value = “USA” _
                Order By o. < OrderID > .Value Descending _
                Select o))
                   
        Orders.Save(“Orders.xml”)
        Process.Start(“Orders.xml”) ‘Display the document in IE
    End Sub
End Module   

 Figure  1 - 10  shows IE displaying the Orders.xml document created by the preceding two projects. The 
root element is identical to that of the source Orders.xml document except for the  xsi:
noNamespaceSchemaLocation  attribute ’ s value and the  generated  attribute ’ s date and time.   
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                    Order By o.Element(“OrderID”).Value Descending _
                    Select o % > 
             < /Orders > 
                   
        Orders.Save(“Orders.xml”)
        Process.Start(“Orders.xml”) ‘Open in IE
    End Sub
End Module  

 The preceding code produces the same document as the two LINQforXMLQuery3 examples with 
considerably less development effort. Even C# aficiandos should consider using VB 9.0 when making 
extensive use of LINQ to XML.   

   LINQ  to  XSD  
 LINQ to XSD is one of several Microsoft data programmability  incubator projects . Incubator projects 
usually result from an idea proposed by a programmer, manager, or small research or development team 
that shows promise of maturing into a new product or an add - in to an existing product. Microsoft 
doesn ’ t guarantee that incubator projects will mature to supported software and might be discontinued 
without notice. As noted early in the chapter, C u  (an ancestor of LINQ) began as a Microsoft Research 
incubator project. 

 One of the objectives of LINQ technology is to eliminate the use of string literals and casting from 
 Object  in data programming. String literals result in late binding and are said to make data - intensive 
applications  brittle , which means they ’ re subject to run - time failures due to the lack of compile - time 
checks. The connection string probably is here to stay, but LINQ to SQL, for example, lets you do away 
with SQL statements and column name literals, strongly types queries, and enables IntelliSense and 
statement completion. 

 LINQ to XML query and functional construction code in C# and by default in VB makes extensive use of 
literal strings and casting from  Object  to  String  and value types. LINQ to XSD is a helper technology, 
which generates classes from XML schemas to model typed views on untyped XML trees. Instances of 
LINQ to XSD classes wrap the  XElement  class; LINQ to XSD classes have a common  XTypedElement  
base class.     

 Search the Web for  “ LINQ to XSD Preview ”  to find the download page for the current LINQ to XSD 
version. (Alpha 0.2 was the version available when this book was written.) If you don ’ t install the LINQ 
to XSD bits, you won ’ t be able to open the LINQforXMLQuery1CS.sln or LINQforXMLQuery1VB.sln 
sample projects.   

 Running the LINQ to XSD.msi installer adds a LINQ to XSD Preview item to the Programs menu with 
documentation and sample projects choices. It also adds a LINQ to XSD Preview node to the Visual C# 
and Visual Basic Project Types lists. Selecting LINQ to XSD lets you choose a new LINQ to XSD Console 
Application, Windows Application, or Library. The new project includes a reference to Microsoft.Xml.
Schema.Linq.dll as well as to the standard .NET Fx 3.5 System.Xml.Linq and System.Xml references. 

 Generating the LINQ to XSD classes requires adding the XML schema file (Orders.xsd for this example) 
to your project and changing its Build Action property value from None to LinqToXmlSchema so it ’ s 
treated as source code. Building the project then generates a LinqToXsdSource.cs file in the project ’ s
  . . .  \obj\debug folder to define the CLR classes that add strong typing to the XML object. 
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 Following is the C# code for the strongly typed version of LINQforXSDQuery1CS.sln project:

  C# 3.0  
namespace LINQforXSDQuery1CS
{
    class LINQtoXSD
    {
        static void Main(string[] args)
        {
            // Return an XML fragment containing US orders in descending order 
            var orders = Orders.Load(@”..\..\Orders.xml”);
                   

            var query = from o in orders.Order
                        where o.ShipCountry == “USA”
                        orderby o.OrderID descending
                        select o;
                   
            // Write out the fragment
            foreach (var o in query)
                Console.WriteLine(o);
            Console.ReadLine();
        }
    }
}       

 LINQ to XSD Alpha 0.2 doesn ’ t support VB 9.0, which is a shame, because VB 9.0 is the preferred 
language for working with XML documents.   

 It ’ s clear from the preceding example that LINQ to XSD lifts LINQ to XML to the same level as LINQ to 
SQL and LINQ to Entities by basing object member typing on similar metadata sources. Chapter  7  
provides detailed instructions for adding strong typing to LINQ to XML ’ s objects with the LINQ to XSD 
version that was current when this book was written.   

  The  ADO . NET  Entity Framework and 
Entity Data Model 

 Microsoft ’ s ADO.NET team began designing the Entity Framework (EF) and Entity Data Model (EDM) 
near the date in 2003 when the C# 3.0 design group decided to develop a LINQ to SQL extension as a 
 “ stand - in ”  for the abandoned ObjectSpaces O/RM tool project. The two projects progressed in parallel, 
apparently with little or no communication between the two groups. In early 2006, the ADO.NET team 
gained ownership of the LINQ to SQL and LINQ to DataSet implementations and added LINQ to 
Entities as an optional method for executing queries over the EDM. The ADO.NET group presented 
several sessions at Tech * Ed 2006 and published a series of whitepapers about EF and EDM in June 2006. 
The  “ Next - Generation Data Access: Making the Conceptual Level Real ”  technical article by Jos é  Blakeley, 
David Campbell, Jim Gray, S. Muralidhar, and Anil Nori, proposed to extend the EDM from basic CRUD 
operations to reporting and analysis services (business information) and data replication.     
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 You can read the preceding technical paper at  http://msdn2.microsoft.com/en - us/
architecture/aa730866(vs.80).aspx  and its companions,  “ The ADO.NET Entity Framework 
Overview ”  at  http://msdn2.microsoft.com/en - us/architecture/aa697427(VS.80)
.aspx  and  “ ADO.NET Tech Preview: Entity Data Model ”  at  http://msdn2.microsoft.com/
en - us/architecture/aa697428(VS.80).aspx .   

 EF is a much more than an O/RM tool. EF provides a complete set of data services including: 

  Query services  

  ClientView services  

  Persistence services  

  Object services    

 EF is the first concrete implementation of the EDM and enables developers to abstract the  physical 
storage schema  of relational databases to a  conceptual schema  (also called a  conceptual layer  or conceptual 
model) that conforms to the entity - relationship (E - R) data model. Dr. Peter Chen proposed the E - R data 
model in a 1976 paper,  “ The Entity - Relationship Model  —  Toward a Unified View of Data, ”  which you 
can read at  http://bit.csc.lsu.edu/ 

˜
 chen/pdf/erd.pdf . E - R became a mainstay of data 

modeling for relational databases and the foundation for many computer - aided software engineering 
(CASE) tools. 

 The E - R model is independent of the underlying relational database management system (RDBMs) or 
data retrieval and update language, syntax or dialect, but an SQL flavor is assumed. Microsoft says that 
EF  “ is an execution runtime for the for the E - R model ”  that ’ s RDBMS - agnostic. As you would expect, 
SQL Server 200x and SQL Server Compact Edition (SSCE) have  SqlClient  - derived  EntityClient  
data providers for EF v1.0. When this book was written, IBM DB2, IS, and U2, as well as Oracle, 
MySQL, and SQLite supported EF with custom  EntityClient  data providers for .NET. The 
 EntityClient  object provides  EntityConnection ,  EntityCommand ,  EntityParameter  and 
 EntityDataReader  objects.  EntityClient  has its own query language,  Entity SQL  (eSQL), which is 
related to SQL but has entity - specific extensions. eSQL v1 has no data management language (DML) 
constructs for  INSERT ,  UPDATE  or  DELETE  operations. Microsoft promises to implement entity -
 compatible DML in a future version. 

 An EDM  EntityType  specifies an object in the application domain that is represented by data. An 
 EntityObject  is an instance of an  EntityType , has one or more  Properties , and is uniquely 
identified by an  EntityKey .  Properties  can be of  SimpleType ,  ComplexType  or  RowType . An 
 EntitySet  contains multiple  EntityObject  instances, an  EntityContainer  holds multiple 
 EntitySet s, and corresponds to the database (such as Northwind) at the physical data store layer and 
schema (such as dbo) at the conceptual level. A  RelationshipType  defines the relationship of two or 
more  EntityType s as an  Association , which is a peer - to - peer relationship or  Containment , that 
specifies a parent - child relationship. The top - level EDM object is a  Schema , which represents the entire 
database. 

❑

❑

❑

❑
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 Following are some of the most important benefits of implementing EDM in data - intensive .NET 
projects: 

  Generates a data access layer that isolates the data domain from the application domain  

  Handles relational database vendor or schema changes without the need to alter C# or VB 
source code and recompile the project  

  Enables the business logic layer to work with real - world business entities, such as customers, 
orders, employees, and products, rather than rows and tables of relational databases  

  Supports complex properties, such as PhysicalAddress, which might include Street1, Street2, 
City, State, ZipCode, Country and Coordinates, and PostalAddress, which might include only 
PostOfficeBox, City, State, PostalCode and Country.  

  Models object - oriented concepts such as inheritance and hierarchical (nested) or polymorphic 
resultsets, which don ’ t fit the relational model  

  Exposes relationship navigation properties to eliminate the need for complex joins between 
related tables  

  Provides an advanced, graphical EDM Designer to simplify inheritance and hierarchy models 
and enable incremental changes to mapping files  

  Maps the conceptual layer ’ s entity model to an object model in the Object Services layer with an 
 ObjectContext  for identity management and change tracking  

  Enables simple, strongly typed queries with Object Services ’  LINQ to Entities implementation    

 It ’ s important to bear in mind that EF isn ’ t a traditional O/RM tool and using the Object Services layer 
and LINQ to Entities is optional. Mapping to objects occurs at the conceptual layer, so the term  object/
entity mapping tool  might represent a more accurate description. Where performance is critical, such as 
with reporting and analysis services, you can opt to write eSQL queries and return conventional, 
untyped DataReaders based on the conceptual layer ’ s schema.     

 As mentioned in the earlier  “ LINQ to Entities ”  section, this chapter provides only a brief introduction 
to EF and EDM. The book ’ s Part IV,  “ Introducing the ADO.NET Entity Framework, ”  and Part V, 
 “ Implementing the ADO.NET Entity Framework, ”  cover the EF and EDM thoroughly.   

  Mapping from the Physical to the Conceptual Schema 
 Like its predecessor, ObectSpaces, EDM uses three XML files to map from the physical to the conceptual 
schema. Figure  1 - 11  is a simplified EF block diagram that shows the three schema layers that perform the 
mapping, the optional Object Services layer and LINQ to Entities component, and the EntityClient object 
that translates eSQL queries to dynamic SQL queries or stored procedure calls in the RDBMS ’ s dialect.   

❑

❑

❑

❑

❑

❑

❑

❑

❑
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 By default, the EDM Wizard generates an EntityClient connection string named  ModelName Entities, adds 
it to the App.config file and creates the  ModelName .edmx file to generate the following three XML 
mapping files: 

   ModelName .ssdl defines the physical data store layer in Store Schema Definition Language 
(SSDL). The top - level   < Schema >   element ’ s  Namespace  attribute value is  DatabaseName  
( Northwind  for this example), the   < EntityContainer >   element ’ s  Name  attribute value is 
the  Schema  name ( dbo  for this example) and the   < Property >   element ’ s  Type  attribute values 
are datatypes of the database.  

   ModelName .csdl defines the conceptual layer in Conceptual Schema Definition Language 
(CSDL). The top - level   < Schema >   element ’ s  Namespace  attribute value becomes 
 ModelNameModel  ( NorthwindModel  for this example), the   < EntityContainer >   element ’ s 
 Name  attribute value becomes  ModelNameEntities  ( NorthwindEntities  for this example) 
and the   < Property >   element ’ s  Type  attribute values correspond to CLR data types.  

   ModelName .msl specifies the mapping layer between the Store Schema and Conceptual Schema in 
Mapping Schema Language (MSL). The mapping file enables entities, properties, and association 
sets to have different names than their corresponding tables, fields, and foreign - key constraints.        

❑

❑

❑
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  EntityType  properties appear in alphabetic order and foreign key values such as  Orders.CustomerID , 
 Orders.EmplyeeID , and  Orders.Shipper.ID  are missing from Figure  1 - 13  ’ s  Orders  widget. Instead, 
EDM treats foreign key relationships as Navigation Properties with  AssociationSets , which contain 
bidirectional  Association s that specify  EntityReferences  for many:one and  EntitySets  for one:
many relationships. The differences between LINQ to SQL, which exposes foreign key values and EF, 
which doesn ’ t, are subtle but add significantly to EF ’ s programming requirements.     

 As you learned earlier in the chapter, LINQ to SQL lazy - loads associated entities by default. EF v1 
doesn ’ t support deferred loading and you must explicitly request eager loading of associated entities by 
adding the  Extends  method to LINQ to Entity queries.   

 Unlike LINQ to SQL, EF doesn ’ t singularize  EntityType  names, so you must change them in the 
properties sheet for the type or in the widget ’ s text boxes. When you manually singularize  EntityType  
names, such as  Orders  to  Order ,  EntitySet  names automatically gain a  . . .     Set  suffix, such as 
 OrderSet . Although you can turn off LINQ to SQL ’ s automatic singularization feature by a property 
setting in the Option dialog ’ s Database Tools, O/R Designer page, there ’ s no way to inhibit EF v1 from 
engaging in this nasty behavior. You must revert the  EntitySet  name to its original plural version by 
editing the Entity Set Name property in the  EntityType  ’ s properties sheet.     

 It ’ s a good practice to singularize  EntityType  and navigation property names having  0..1  
(Zero or One) multiplicity (many:one relationship) and pluralize EntitySet and navigation property 
names having   *   (Many) multiplicity. The Northwind EDM examples in this book follow this practice.       

 According to the Entity Framework team, adding the  Set  suffix will be removed or optional in EF v2.    

  Creating and Binding to a Data Source 
from a Data Model 

 You can create a design - time data source from your EDM by following steps similar to those for LINQ to 
SQL or typed DataSet data sources. Choose Data, Add New Data Source to open the Data Source 
Configuration Wizard, select Object in the Choose a Data Source Type dialog, and click Next to open the 
Select the Object You Wish to Bind To dialog. Expand the project and namespace nodes (both 
LINQforEntities for this example), select the topmost  EntityType  you want to bind,  Customer  for this 
example (see Figure  1 - 14 ), and click Finish to add the new data source. Press F5 to build and run the 
project, and save your changes.   
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    Integrated Security=True;MultipleActiveResultSets=True & quot;” 
    providerName=”System.Data.EntityClient” / > 
 < /connectionStrings >        

 Line continuation characters in the preceding example are inserted to accommodate publishing line 
length limitations and aren ’ t present in the App.config file.   

 The  metadata  section of the connection string specifies that the three mapping files are stored as a 
resource ( res:// * /Northwind. *  ) in the assembly; the remainder is a standard  SqlClient  connection 
string and that the  SqlClient  provider has been enhanced to an  EntityClient  provider. 

 The only code that ’ s required to populate the  Customers EntitySet  and the text boxes is in the 
following event handlers:

  C# 3.0  
private void MainForm_Load(object sender, EventArgs e)
{
   NorthwindEntities ctxNwind = new NorthwindEntities();
   customerBindingSource.DataSource = ctxNwind.Customers;
}

     VB  9.0  
Imports LINQforEntitiesVB
                   
Public Class MainForm
   Private Sub MainForm_Load(ByVal sender As System.Object, ByVal e As System.
EventArgs) Handles MyBase.Load
      Dim ctxNwind As New NorthwindEntities
      CustomerBindingSource.DataSource = ctxNwind.Customers
   End Sub
End Class   

 To add bound DataGridViews to display the selected  Customer  ’ s  Orders  and related  Order_Details  
EntitySets, expand the form and drag the  Customer.Orders  and  Order.Order_Details  nodes from 
the Data Source pane to the form in design mode.   

  Summary 
 This introductory chapter gave you an overview of the two most important new data - related 
components of ADO.NET 3.5: Language Independent Query and the Entity Framework. 

 C# and VB sample code and project examples demonstrated how LINQ increases developer productivity 
and application reliability for data - intensive projects with these contributions: 

  Query language statements incorporated as first - class members of C# 3.0 and VB 9.0  

  Identical or very similar query syntax for a wide variety of data domains: in - memory objects, 
relational data, DataSets, entities created by EF and EDM, and XML InfoSets (with or without 
strong typing with XML schemas)  

❑

❑
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  Full IntelliSense and statement completion for LINQ queries in the VS code editor  

  Strongly typed query statements and results sets to avoid manual casting from  Object   

  Reduction of application brittleness as the result of compile - time instead of runtime validation 
of query expressions    

 The chapter gave you an introduction to programming Microsoft ’ s five LINQ implementations in 
VS 2008  —  LINQ to Objects, LINQ to SQL, LINQ to DataSets, LINQ to Entities, and LINQ to XML. The 
chapters of Part II deliver the detailed information you need to understand LINQ architecture and the 
language extensions added to C# 3.0 and VB 9.0 to support the LINQ to Objects implementation. Part 
III ’ s chapters dig deeply into LINQ to SQL, LINQ to DataSets and LINQ to XML. 

 Microsoft calls the combination of the ADO.NET Entity Framework, Entity Data Model, and LINQ to 
Entities  Next Generation Data Access . You learned that EF and EDM provide a full set of data services 
based on a unified conceptual schema to create a database - agnostic object persistence layer and object/
relational mapping tool with its own LINQ implementation  —  LINQ to Entities  —  and SQL - based query 
language  —  Entity SQL (eSQL). Microsoft intends to extend the application of EF and EDM to future 
data reporting, integration, business intelligence, and replication services. This chapter included an 
overview of the features and benefits of EF; Parts IV and Part V of this book provide the complete 
coverage. 

 EF and its components were severed from the RTM version of Visual Studio 2008 and provided in 
VS 2008 SP1. This chapter ’ s sample code and that of parts IV and V are based on VS 2008 SP1, which you 
need to run most of the book ’ s code examples.       

❑

❑

❑

c01.indd   58c01.indd   58 12/22/08   12:03:32 PM12/22/08   12:03:32 PM


