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SQL CLR Integration with SQL Server 2005 and Visual Studio 2005

SQL CLR integration is one of the most controversial new features of SQL 2005. It does have benefits in terms of simplifying conditional logic and performing complex calculation and string manipulation. However, you should always try to use the T-SQL SET-based equivalents of your queries before moving your code to .NET
Objectives

After completing this lab you will be able to:

· Work with SQL Server Projects

· Work with the in-process managed provider

· Leverage the .NET Framework in database development
· Understand managed code permissions 
· Creating user-defined aggregates

 
Lab Setup 
· From the Session Menu on the login screen, choose the Windows XP.NET session

· Enter the username and password you were given (not your UTS username/password)

· Your VMware image will start up automatically. If it does not, run the command vmware from a terminal window

Exercise 1:  
Working with SQL Server Projects
In this exercise, you will learn how to work with Visual Studio 2005 and Microsoft SQL Server 2005 in tandem by creating a SQL Server project, and a basic user-defined function whose implementation is in managed code. Then you will build a Windows Form application that displays the result returned from the user-defined function. The goal of this exercise is to lay a foundation for subsequent exercises by introducing how Visual Studio 2005 and Microsoft SQL Server 2005 work together.

· Task 1: Creating a SQL Server Project

1. Start Visual Studio 2005.
2. Select the File | New | Project menu command.
Visual Studio displays the New Project dialog:

1. In the Project Types pane, indicate that you want to create a Visual C# project.

2. In the Templates pane, select SQL Server Project.

3. In the Name field, enter “SqlServerProject”.

4. In the Location field, enter "C:\SQL Labs\User Projects".

5. Click OK.
Visual Studio displays the Connection Properties dialog box (as shown in Figure 2).
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Figure 2: The Connection Properties dialog box

A SQL Server project is associated with a specific database. This dialog box lets you select the database to which you will be deploying managed code. Database References are shown in the Solution Explorer and become part of the Visual Studio 2005 environment. As you open and close different projects, Database References are saved so they can be reused.
· Task 2: Creating a Database Reference

1. In the server name field, enter “localhost”.
2. Select Use Windows NT Integrated security.
3. In the database field, enter “AdventureWorks”.
4. Click OK to dismiss the Add Database Reference dialog box.
· Task 3: Using a User-Defined Function Template

1. In the Solution Explorer, right-click SqlServerProject and select Add | New Item from the context menu.
2. In the Add New Item dialog box, click User-Defined Function.

3. Click Add.

In SQL Server, a user-defined function is similar to a function in other programming languages. Unlike a stored procedure, which can return only an integer or result set, a user-defined function can return a variety of data types. You also can treat a user-defined function similarly to a table or view, issuing SELECT statements directly against the function. In prior versions of SQL Server, you could only create a user-defined function using T-SQL. With Microsoft SQL Server 2005, you can now create user-defined functions using managed code. Visual Studio includes a pre-defined template to use in your SQL Server Projects to make the process easier.

4. In the Solution Explorer, open the TestScripts folder, right-click test.sql and select Open.

Notice that when you used the User-Defined Function template, Visual Studio automatically added an additional file to your project named test.sql. You can use the script in test.sql for debugging your code. This script performs the actions in the database that are required to start and test your database object.

5. In the Solution Explorer, right-click Function1.cs and select View Code.

6. In the Code Editor, before the closing bracket, type the following code:

    [SqlFunction]

    public static System.DateTime GetTodaysDate()

    {

        return System.DateTime.Today;

    }      

7. In the Solution Explorer, right-click test.sql and select Open.
8. Change the first line to:

select dbo.GetTodaysDate()

Task 4: Deploying a .NET Assembly to SQL Server

1. In the Solution Explorer, right-click SqlServerProject and select Deploy.

Before an assembly can be used by a database, it must first be deployed to the database server. Visual Studio 2005 makes deploying an assembly to Microsoft SQL Server 2005 easy to do. Just by right-clicking the project name in the Solution Explorer and selecting the Deploy menu item, Visual Studio 2005 will automatically build and deploy your assembly to Microsoft SQL Server 2005. The assembly is also deployed and debugged simply by pressing F5.

2. Once the deployment process has completed, press F5.

Note

If execution stops on an ALTER PROCEDURE statement, press F5 again.

You can see that execution has stopped at the breakpoint. From here, you can step through your routine, with full debugging capabilities.

3. Press F5.
4. In the Output window, in the Show output from drop-down list, select Database Output.

You can see that the output from the user-defined function is displayed in the Output window, allowing you to fully test your managed routines without leaving Visual Studio 2005.

· Task 5: Accessing a User-Defined Function from a Windows Application 

1. Select the File | Add | New Project menu command. 

2. When prompted to save the existing project, select the C:\data folder.
3. In the Project Types pane, select Visual C#
4. In the Templates list, select Windows Application.

5. In the Name field, enter :"SqlServerProjectWinApp”. In the Location field, enter "C:\data".
6. Click OK to dismiss the dialog box.
7. If the DataSource Fields window appears, you may close it.

8. From the Toolbox, drag a Button control to the design surface of Form1.

Note

If the Toolbox window isn’t visible, select View | Toolbox to display it.

9. Double-click Button1.

10. Scroll to the top of the code file, and enter the following Imports statement:

using System.Data.SqlClient;
11. In the Code Editor, type the following code within the Button1_Click event handler:

            string connectionString = "Data Source=localhost;Integrated Security=SSPI;Initial Catalog=AdventureWorks";

            using (SqlConnection conn = new SqlConnection(connectionString))

            {

                conn.Open();

                SqlCommand cmd = 





new SqlCommand("SELECT dbo.GetTodaysDate()", conn);

                Object result = cmd.ExecuteScalar();

                DateTime d = (DateTime) result;

                MessageBox.Show(d.ToString());

            }
This code is very straightforward. It opens a connection to the database and executes a simple command to display today’s date in a message box. Note that the code required to call a managed code user-defined function is the same as the code to call a T-SQL user-defined function.

12. In the Solution Explorer, right-click SqlServerProjectWinApp and select Set as StartUp Project.

13. Select the Debug | Start menu command (or press F5).

14. Click Button1.

You can see that the user define function, implemented as managed code, is accessed from the client exactly like a user-defined function written using T-SQL.

15. Click OK.

16. Close Form1.

17. Select the File | Close Solution menu command.

This exercise provided an introduction to working with Visual Studio 2005 and Microsoft SQL Server 2005. You also learned how to create SQL Server projects and how to write user-defined functions with managed code.

Exercise 2:
Leveraging the .NET Framework in Database Development 

In this exercise, you will learn how to leverage the .NET Framework when doing database development. You will learn how to create a user-defined function that uses regular expressions to validate input. In the past, this would have been difficult to accomplish with only T-SQL. Validating data passed to a procedure or function is a common database operation, and this exercise shows how easily this task can be accomplished using managed code.
· Task 1: Creating a User-Defined Function

1. Select the File | New | Project menu command. 
2. Create a new C# project, selecting the SQL Server Project template.
3. In the Name field, enter “UserDefinedFunction”.
4. In the Location field, enter “C:\data”.
5. Click OK.
6. In the Add Database Reference dialog box, select the existing reference to the AdventureWorks database.
7. Click OK.
8. In the Solution Explorer, right-click UserDefinedFunction and select Add | New Item from the context menu.
9. In the Add New Item dialog, click User-Defined Function.
10. Click Add.
11. In the Code Editor, change the existing function declaration line to the following code:

public static bool IsValidPostcode(string Postcode)

You will now create a user-defined function that validates a Postcode. Note that the function is decorated with a [SqlFunction] attribute. This tells the compiler that the function is a SQL Server user-defined function.

12. Delete the following two lines of code:

// Put your code here

return "Hello";

13. Inside IsValidPostcode, type the following line of code:

return System.Text.RegularExpressions.Regex.IsMatch(

   Postcode, @"^\s*(\d{4})\s*$");
Regular expression support is just one area of additional functionality that the .NET Framework provides. In fact, as a database developer, you now will have access to literally thousands of pre-built classes that you can reuse in your database objects.

14. Select the File | Save All menu item to save the project. Save the project in the C:\data folder.

· Task 2: Calling a User-Defined Function from a Windows Application
1. Select the File | Add | New Project menu command.

2. Ensure that Visual C# is still selected in the Project Types pane.

3. In the Templates list, select Windows Application.

You will now create a Windows Forms application that will test the IsValidPostcode user-defined function.  

4. In the Name field, enter “UserDefinedFunctionWinApp”.

5. In the Location field, enter "C:\data"

6. Click OK.

7. From the Toolbox, drag a TextBox control to the design surface of Form1.

The user will enter post codes into the TextBox control.
8. From the Toolbox, drag a Button control to the design surface of Form1.

9. Double-click button1.

10. In the Code Editor, type the following code within the button1_Click procedure:

string connectionString = "Data Source=localhost;" + 

    "Integrated Security=SSPI;" + 

    "Initial Catalog=AdventureWorks";

using (SqlConnection conn = 

    new SqlConnection(connectionString)) 

{

    conn.Open();

    SqlCommand cmd = new SqlCommand(

        "SELECT dbo.IsValidPostcode(@Postcode)", conn);

    cmd.CommandType = CommandType.Text;

    cmd.Parameters.Add("@Postcode", SqlDbType.VarChar);

    cmd.Parameters["@Postcode"].Value = textBox1.Text;

    Object result = cmd.ExecuteScalar();

    MessageBox.Show(result.ToString());

}
This code opens a connection to the database, and executes a simple command to call the user-defined function, passing in a value submitted by the user. This value will then be compared to a regular expression to insure that it is a properly formatted post code.

11. In the Code Editor, at the top of Form1.cs, type the following line of code:

using System.Data.SqlClient;

12. In the Solution Explorer, right-click UserDefinedFunctionWinApp and select Set as StartUp Project.
13. Select the File | Save All menu command.

14. Select the Debug | Start menu command (or press F5).
15. In the text box enter “555-5555”.

To test IsValidPostcode, you will first enter data that is invalid.

16. Click Button1. 

The application calls the user-defined function and displays a message box indicating that the data is not a valid postcode.

17. Click OK.
18. In the text box, enter “1234”.

19. Click button1. 
Because “1234” is a valid post code, the code displays True.

20. Click OK.
21. Close Form1.
22. Select the File | Close Solution menu command.

In this exercise, you learned how to create a user-defined function in managed code using Visual Studio 2005. By leveraging the Base Class Library in the .NET Framework, you saw how you can use managed code to create powerful database objects.
Exercise 3:
Understanding Managed Code Permissions

In this exercise, you will understand how different permission sets can be applied to assemblies running in Microsoft SQL Server 2005. You will create a stored procedure that uses the .NET Framework to write to an external file. By default, managed code within Microsoft SQL Server 2005 is constrained so that it cannot access external resources. Therefore, appropriate permission must be granted to the assembly in order for it to write to the file. You will also learn how to load and unload assemblies manually using DDL statements within SQL Server Management Studio.
· Task 1: Creating a Stored Procedure that Writes to a File

1. Select the File | New | Project menu command. 

2. Using C#, create a new SQL Server project..

3. In the Name field, enter “Permissions”.

4. In the Location field, enter “C:\data”

5. Click OK.

6. In the Add Database Reference dialog box, select the existing reference to the AdventureWorks database.
7. Click OK.

8. In the Solution Explorer, right-click Permissions and select Add | New Item from the context menu.
9. In the Add New Item dialog box, select Stored Procedure.

10. Click Add.

11. In the Code Editor, change the existing subroutine declaration line to the following:
public static void WriteToFile( string fileName, string message)
Note
Note:

Be careful to not delete the SqlProcedure attribute preceding the declaration.

You will now create the body of the stored procedure that writes to the file. The procedure accepts two parameters: the file to write to, and the text to write.

12. Inside the WriteToFile subroutine, type the following lines of code:

        using (System.IO.StreamWriter sw =  new System.IO.StreamWriter(fileName, true))

        {

            sw.WriteLine(message);

        }

This routine leverages the inherent functionality present in the .NET Base Class Library to write to the file.  

13. In the Solution Explorer, right-click Permissions and select Build.

14. Select the File | Save All menu item, and save the project.

· Task 2: Introducing SQL Server Management Studio
For this exercise, you will use SQL Server Management Studio to load the assembly. This will give you an opportunity to see how to load and unload assemblies manually using DDL statements.

1. From the Windows Task Bar, navigate to Start | All Programs | Microsoft SQL Server 2005 | SQL Server Management Studio.

2. When prompted to connect, ensure that the Server type value is set to SQL Server, the Server name is set to localhost, and Authentication is set to Windows Authentication. Click Connect.

Microsoft SQL Server 2005 introduces a brand new tool for database management named SQL Server Management Studio. This serves as a replacement for Enterprise Manager and the Query Analyzer. 

3. Select the View | Registered Servers menu command to ensure that the Registered Servers window is visible. 

The Registered Servers window displays all the SQL Servers that have been registered. 

4. Select the View | Object Explorer menu command to ensure that the Object Explorer window is visible. 

The Object Explorer window displays various objects for a particular server. Specifically, it will show databases and their associated diagrams, tables, views, stored procedures, triggers, types, etc.

· Task 3: Registering a Server in SQL Server Management Studio
1. In Registered Servers, right-click Microsoft SQL Servers and select New | Server Registration. 

2. In the Server instance field, enter “localhost”.

3. In the Authentication drop-down list, ensure that Windows Authentication is selected.

4. Click Test.

After a few seconds, a message box displays indicating the connection has been successful.

5. Click OK.

6. Click Save.

7. In Registered Servers, double-click localhost.
8. In the Object Explorer window, expand localhost | Databases | AdventureWorks.
9. On the toolbar, click New Query, and then select New SQL Server Query. 
Microsoft SQL Server 2005 displays the Connect to SQL Server dialog box.
10. In the Server instance field, enter “localhost”.

11. Ensure that the Authentication drop-down list has Windows Authentication selected.

12. Click Connect.

13. In the query window, type the following line of code: 

USE AdventureWorks
14. Press F5.

· Task 4: Loading an Assembly Manually using DDL Statements

1. Type the following lines of code into the query window:

CREATE ASSEMBLY Permissions
FROM 'C:\data\Permissions\Permissions\bin\Permissions.dll'

Note

Make sure that there are no line breaks in the folder name when typing the code.

2. Select the above lines of code.

3. Press F5.

Running this DDL statement loads the Permissions.dll assembly into Microsoft SQL Server 2005. Up until now, you have been using Visual Studio 2005 to deploy all assemblies. This exercise demonstrates how to load an assembly manually using DDL for two reasons. First, loading the assembly automatically doesn’t allow you to configure the permissions for an assembly, and the ability to configure a permission set will be needed later in the exercise. Second, this gives you a great opportunity to see what is going on under the covers.  

4. Type the following lines of code:

CREATE PROCEDURE WriteToFile

@FILENAME NVARCHAR(256),

@MESSAGE NVARCHAR(4000)

AS

EXTERNAL NAME Permissions.[StoredProcedures]. WriteToFile
5. Select the above lines of code.

6. Press F5.

Running this DDL statement will create an entry point for the managed stored procedure in the assembly you just loaded.

7. Type the following line of code:

EXEC WriteToFile 'c:\test.txt', 'This is a test'

8. Select the above line of code.

9. Press F5.

Running this T-SQL will cause an error indicating that you don't have permission to write to the file you specified, with text looking something like this (the actual text may be slightly different):
Msg 6522, Level 16, State 1, Procedure WriteToFile, Line 0

A .NET Framework error occurred during execution of user defined routine or aggregate 'WriteToFile': 

System.Security.SecurityException: Request for the permission of type 'System.Security.Permissions.FileIOPermission, mscorlib, Version=2.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089' failed.

System.Security.SecurityException: 

   at System.Security.CodeAccessSecurityEngine.Check(Object demand, StackCrawlMark& stackMark, Boolean isPermSet)

   at System.Security.CodeAccessPermission.Demand()

   at System.IO.FileStream.Init(String path, FileMode mode, FileAccess access, Int32 rights, Boolean useRights, FileShare share, Int32 bufferSize, FileOptions options, SECURITY_ATTRIBUTES secAttrs, String msgPath, Boolean bFromProxy)

   at System.IO.FileStream..ctor(String path, FileMode mode, FileAccess access, FileShare share, Int32 bufferSize, FileOptions options)

   at System.IO.StreamWriter.CreateFile(String path, Boolean append)

   at System.IO.StreamWriter..ctor(String path, Boolean append, Encoding encoding, Int32 bufferSize)

   at System.IO.StreamWriter..ctor(String path, Boolean append)

   at StoredProcedures.WriteToFile(String fileName, String message)
This error is expected. To ensure the security of the server, Microsoft SQL Server 2005 only grants a limited set of permissions to an assembly. The file is a secured resource and by default a stored procedure is not allowed to access secured resources. If an assembly needs additional permissions, it must be specifically granted.

· Task 5: Unloading an Assembly and Stored Procedure Manually Using DDL Statements

1. Type the following two lines of code:

DROP PROCEDURE WriteToFile

DROP ASSEMBLY Permissions
2. Select the above lines of code.
3. Press F5.

This will unload the stored procedure and assembly.

· Task 6: Loading an Assembly with a Specific Permission Set

1. Type the following lines of code:


ALTER DATABASE AdventureWorks  SET TRUSTWORTHY ON

CREATE ASSEMBLY Permissions
FROM 'C:\data\Permissions\Permissions\bin\Permissions.dll'

WITH PERMISSION_SET = EXTERNAL_ACCESS

Note

Make sure that there are no line breaks in the folder name when typing the code.

An important distinction between this CREATE ASSEMBLY statement and the previous one is that this time you’re specifying the permission set to be used by the assembly. There are three different permission sets: SAFE, EXTERNAL_ACCESS, and UNSAFE.

SAFE is the default permission set and works for the majority of scenarios. When code in an assembly runs under the SAFE permission set, it can only do computation and data access within the server via the in-process managed provider.

EXTERNAL_ACCESS is a code permission set that addresses scenarios where the code needs to access resources outside the server such as the files, network, registry and environment variables. 

UNSAFE code permission is for those situations where an assembly is not verifiably safe or requires additional access to restricted resources, such as the Win32 API.

2. Highlight the above lines of code so that they are selected.

3. Press F5.

Running this DDL statement loads the Permissions.dll assembly into Microsoft SQL Server 2005 with the EXTERNAL_ACCESS permission set. 

4. Type the following lines of code again (or highlight the ones you had typed previously):

CREATE PROCEDURE WriteToFile

@FILENAME NVARCHAR(256),

@MESSAGE NVARCHAR(4000)

AS

EXTERNAL NAME [Permissions].[StoredProcedures].WriteToFile

5. Select the above lines of code.

6. Press F5.

7. Type the following line of code:

EXEC WriteToFile 'c:\test.txt', 'This is a test'

8. Highlight the above line of code so that it is selected.

9. Press F5.

This time, the command is completed successfully.

10. In SQL Server Management Studio, select the File | Exit menu command. If prompted to save your changes, click No.

· Task 7: Viewing the File

1. Open Windows Explorer and find the file you just created.
2. Double-click the file to load it into NotePad.
You can see that the message was written from the managed code into this file.

3. Close Notepad.

In this exercise, you began working with SQL Server Management Studio, part of Microsoft SQL Server 2005. You learned that .NET assemblies are loaded into Microsoft SQL Server 2005 using a giver permission set. By default, assemblies are loaded with limited privileges and cannot access external resources such files. To give an assembly access to external resources, it must be loaded with a different additional permission set such as EXTERNAL_ACCESS. You also learned how to manually load and unload assemblies and stored procedures using DDL.

Exercise 4:
Creating User-Defined Aggregates

In this exercise, you will learn how to extend the list of installed aggregate functions by creating new user-defined aggregates whose implementation is in managed code.
· Task 1: Testing the User-Defined Aggregate Template

An aggregate function performs a calculation on a set of values and returns a single value. T-SQL already comes with several built-in aggregate functions such as COUNT, AVG and SUM. With CLR integration, you will now be able to create your own aggregates using managed code. For this exercise, you will create a user-defined aggregate that performs string concatenation.

1. In Visual Studio 2005, select the File | New | Project menu command.

2. Create a new C# project, using the SQL Server Project template.

3. In the Name field, enter “UserDefinedAggregates”.

4. In the Location field, enter "C:\data".

5. Click OK.

6. In the Add Database Reference dialog box, select the existing reference to the AdventureWorks database.
7. Click OK.

8. In the Solution Explorer, right-click UserDefinedAggregates and select Add | New Item.
9. In the Add New Item dialog box, click Aggregate.
10. Type UTSConcatenate as the name
11. Click Add.
12. In the Code Editor, at the top of the code window, type the following code:

using System.Text;
The aggregate you are creating will be using the StringBuilder class of the System.Text namespace. Importing System.Text will reduce typing.
13. Above the struct declaration, just below the serialization flag, you must indicate that you will be performing the serialization yourself. To do this, add the following attribute to the struct
[SqlUserDefinedAggregate(Format.UserDefined, MaxByteSize = 8000)]
You must also implement the IBinarySerialize interface so SQL knows how to retain the values in the Stringbuilder within the struct

public struct UTSConcatenate : IBinarySerialize
14. In the UTSConcatenate class, before public void Init(), type the following code:

    private StringBuilder sb;

    private bool firstConcat ;
The StringBuilder object sb will be used to perform fast string concatenations. The Boolean flag firstConcat indicates whether a concatenation is the first concatenation.

15. In the Init procedure, before the closing bracket, type the following code:

        sb = new StringBuilder();

        firstConcat = true;
This will initialize the StringBuilder object when the aggregate is invoked.

16. In the Accumulate procedure, before closing bracket, type the following code:

    public void Accumulate(SqlString value)

    {

            if (firstConcat)

            {

            sb.Append(value);

            firstConcat = false;

            }

            else

            {

                sb.Append(",");

                sb.Append(value);

            }

    }
These lines of code perform the actual string concatenation. Accumulate is called for each row in the result set from which values will be aggregated.

17. In the Merge procedure, before the closing bracket, type the following code:


Accumulate(Group.sb.ToString());

The Merge method is used by the query processor to merge another instance of this aggregate class with another instance as part of partial computations.

18. In the Terminate procedure, delete the following lines of code:

    ’ Put your code here

    return new SqlString("");
19. In the Terminate() routine, before the closing bracket, type the following code:

    return sb.ToString();
This line of code converts the StringBuilder object to a regular String object and returns that String back to the calling code. Terminate is invoked when the entire result set has been processed.
20. As the final step, we will need to add a Read and Write procedure required by the IBinarySerialize interface.  This is used to Serialize and De-Serialize the StringBuilder object so that it can be passed as a parameter into the Merge procedure.
Add the following procedures to the class before the closing bracket.
    public void Read(System.IO.BinaryReader r)

    {

        sb = new StringBuilder(r.ReadString());

    }

    public void Write(System.IO.BinaryWriter w)

    {

        w.Write(sb.ToString());

    }       

The completed UTSConcatenate class should now look like the following:
using System;

using System.Data.SqlTypes;

using Microsoft.SqlServer.Server;

using System.Text;

[Serializable]

[SqlUserDefinedAggregate(Format.UserDefined, MaxByteSize = 8000)]

public struct UTSConcatenate : IBinarySerialize

{

    private StringBuilder sb;

    private bool firstConcat ;

    public void Init()

    {

        sb = new StringBuilder();

        firstConcat = true;

    }

    public void Accumulate(SqlString value)

    {

            if (firstConcat)

            {

            sb.Append(value);

            firstConcat = false;

            }

            else

            {

                sb.Append(",");

                sb.Append(value);

            }

    }

    public void Merge(UTSConcatenate Group)

    {

        Accumulate(Group.sb.ToString());

    }

    public SqlString Terminate()

    {

        return sb.ToString();

    }

    public void Read(System.IO.BinaryReader r)

    {

        sb = new StringBuilder(r.ReadString());

    }

    public void Write(System.IO.BinaryWriter w)

    {

        w.Write(sb.ToString());

    }       

}
21. In the Solution Explorer, right-click UserDefinedAggregates and select Rebuild.

· Task 4: Deploying a User-Defined Function

1. Switch to SQL Server Management Studio.

2. Switch to Visual Studio 2005.

3. In the Solution Explorer, right-click UserDefinedAggregates, and select Deploy.

· Task 5: Testing the User-Defined Aggregate

1. In Microsoft SQL Server Management Studio, in the existing query, type the following lines of code:

SELECT dbo.UTSConcatenate(Name) FROM production.location

2. Select the above lines of code.
3. Press F5.

The results should be:

Debur and Polish,Final Assembly,Finished Goods Storage,Frame Forming,Frame Welding,Metal Storage,Miscellaneous Storage,Paint,Paint Shop,Paint Storage,Sheet Metal Racks,Specialized Paint,Subassembly,Tool Crib
4. Select the File | Exit menu command. If prompted to save changes, click No.
5. In Visual Studio 2005, select the File | Close Solution menu command. 

This exercise demonstrated how to create a user-defined aggregate using managed code.

Lab Summary

This lab showed you how Microsoft SQL Server 2005 and Visual Studio 2005 combine to provide a new level of power and flexibility when developing database and data-centric applications. You learned that the .NET Common Language Runtime is now hosted in Microsoft SQL Server 2005 so that you can stored procedures, user-defined functions and aggregates using managed code with languages such as Visual Basic .NET and Visual C#. Although managed code does not replace T-SQL, the ability to use managed code is an important new tool in the database developer's toolbox.
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