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Abstract 
Unit testing takes the smallest piece of testable software in an application, isolates it from the rest of the code, and determines whether it behaves exactly as expected. Unit testing has proven its value, because a large percentage of defects are identified during its use.
However, modern software programs might run across multiple servers and across the Internet. Software might connect to databases or control manufacturing equipment. The components that make up these programs are difficult to test in isolation, because of the many external dependencies.
As a Microsoft® Visual Studio® 2010 add-in, the Moles framework helps developers isolate .NET code by replacing any method the code-under-test calls (a dependency) with a test implementation that uses a delegate. The Moles framework is provided with Microsoft Moles 2010 and Microsoft Pex 2010. 
This tutorial introduces the basic features and capabilities of the Moles framework for supporting unit testing of .NET applications.  
This tutorial is Technical Level 300. This tutorial assumes that you are familiar with developing .NET applications. To take best advantage of this tutorial, first:
Install Microsoft Moles 2010 or Microsoft Pex 2010.
Review concepts in “Getting Started with Microsoft Pex and Moles.”

Note: 
· Most resources discussed in this paper are provided with the Pex software package. For a complete list of documents and references discussed, see “Resources and References” at the end of this document.
· For up-to-date documentation, Moles and Pex news, and online community, see http://research.microsoft.com/pex 
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[bookmark: _Toc254893257]Introduction to the Moles Tutorial
You can use the Moles framework to isolate code from external dependencies, in order to test that the code performs as intended. The Moles framework automatically creates delegates to stand in for any external dependencies in your .NET code. 
This tutorial introduces the basic features of the Moles framework with a series of exercises that show you how to:
Create a user-defined class library and a test for that class library.
Isolate the test framework by using the Moles framework.

This tutorial is designed to help you understand these basic concepts:
The benefit of stub types and mole types in unit tests.
How to select which kind of detour to use—that is, whether to refactor test code with stubs to introduce an abstract layer, or add runtime instrumentation to the test code.

The last section of this tutorial provides a brief exercise to introduce you to Microsoft Pex 2010. It shows how to generate parameterized unit tests to further exercise the class library built with the Moles framework.
[bookmark: _Toc254018556]Prerequisites
To take advantage of this tutorial, you should be familiar with the following:
· Microsoft® Visual Studio® 2010
· C# programming language 
· .NET Framework 
· Basic practices for building, debugging, and testing software
The experienced developer can learn new practices for unit testing in this tutorial. For developers who are unfamiliar with unit testing practices, see “Unit Testing” in the Visual Studio Developer Center.
[bookmark: _Toc252182271]
Computer Configuration
These tutorials require that the following software components are installed:
· Windows® 7,  Windows Vista®, or Windows Server® 2008 R2 or later operating system
· Visual Studio Professional 2010
Microsoft Moles also works with Visual Studio Professional 2008 or any later edition that supports the Visual Studio Unit Test framework.
Microsoft Moles 2010, plus Microsoft Pex 2010 for the final exercise

Note: If you have installed only Microsoft Moles 2010, you cannot complete the final exercise. Download  Microsoft Pex from the Microsoft Research site.
Getting Help
· For questions, see “Resources and References” at the end of this document.
· If you have a question, post it on the Pex and Moles forum.

[bookmark: _Toc254018561][bookmark: _Toc254893258]Exercise 1: Create a Class Library 
Tip: Before you start this tutorial, install Microsoft Moles or the Microsoft Pex software package, which includes the Moles framework. Make sure that you review the basic concepts in “Getting Started with Microsoft Pex and Moles.”
The examples in this tutorial are based on the following sample code:  
public class TestReader
{
    public string Content { get; private set; }
    public void LoadFile(string fileName)
    {
        var content = FileSystem.ReadAllText(fileName);
        if (!content.StartsWith("test"))
            throw new ArgumentException("invalid file");
        this.Content = content;
    }
}

The user-defined TestReader implementation calls into the user-defined FileSystem class, which provides services to interact with the file system. The following code snippet shows the FileSystem class:
using System.IO;
public static class FileSystem 
{
    public static string ReadAllText(string fileName)
    {
        return File.ReadAllText(fileName);
    }
}

This implementation of TestReader is problematic for testing, because it relies on FileSystem.ReadAllText. This method interacts with the external environment, which means that this code cannot be tested in isolation.
In this simple example, the dependency is a file on the local hard disk, which might seem benign. In actual practice, the dependency might be to external servers, hardware, or network connections—all of which pose isolation problems when you are attempting to test the code.
The FileSystem class might seem useless, because you can call directly into the System.IO.File methods. However, the purpose of the FileSystem class is to keep this tutorial simple and provide the foundation for making the sample code more testable. 
[bookmark: _Toc254018562]Tip: You can find the complete source code for all the exercises in Appendix A.
[bookmark: _Toc254893259]Task 1: Create the Project
In this task, you will create a solution that contains a class library and add the code that will be tested in the subsequent exercises. In these steps, you will:
Use Visual Studio to create a C# class library.
Enter the code for the TestReader class.
Enter the code for the FileSystem class, which is a dependency of the TestReader class.
Build the example code and confirm that there are no errors.

To create the project
1.	In Visual Studio, click File > New > Project.
[image: ]
2.	In the left pane of the Add New Project dialog box, click Visual C#.
3.	In the right pane of the Add New Project dialog box, click Class Library.
[image: ] 
4.	Rename the project StubsTutorial and click OK.
5. 	In Solution Explorer, find the file Class1.cs and change its name to TestReader.cs.
6.	Open the TestReader.cs  class and replace the content of the class with the following snippet:
public class TestReader
{
    public string Content { get; private set; }
    public void LoadFile(string fileName)
    {
        var content = FileSystem.ReadAllText(fileName);
        if (!content.StartsWith("test"))
            throw new ArgumentException("invalid file");
        this.Content = content;
    }
}

Note: Visual Studio flags FileSystem as undefined. You will fix that problem by adding a new class in the next step. 
7. 	In Visual Studio, right-click the StubsTutorial node, click Add, and then click Class. 
8.	In the left pane of the Add New Item dialog, click Visual C# Items. In the center pane, click Class. Then rename the class to FileSystem.cs and click Add.
[image: ]
9.	Open FileSystem.cs for editing, and replace the code with the following snippet that implements the FileSystem class:
using System.IO;
public static class FileSystem 
{
    public static string ReadAllText(string fileName)
    {
        return File.ReadAllText(fileName);
    }
}

10.	Click Build > Build Solution. 
The solution should build without errors. If you find problems:
Check your code for typos.
Check the Pex and Moles forums.

[bookmark: _Toc254018563]Summary of Exercise 1 
In this exercise, you created a sample project and entered the code that you will test in future exercises. Next, you will build a test for this code.

[bookmark: _Toc254018564][bookmark: _Toc254893260]Exercise 2: Create a Test for the Class Library
In this exercise you will create a test for the code created in Exercise 1. 
The current implementation of TestReader is difficult to test because it relies on a static method, FileSystem.ReadAllText, which interacts with the external environment. This dependency can introduce errors and erratic behavior.
One way to work around the dependency caused by FileSystem.ReadAllText is to write an integration test. This means creating a file during the execution of the test and passing it into TestReader. Although you could use the Visual Studio Unit Test framework to create this test, the result would actually be an integration test, because it relies on the file system and hence is not self-contained. 
Such a test might fail if the disk is full or if you don’t have the right access permissions. In later sections, you will see how the Moles framework can be used to manage such issues by ignoring sporadic environment failures.
In this exercise, the test works in three steps:
1: Arrange 	Set up the data necessary for the test.
2: Act		Invoke the program under test with the inputs.
3: Assert 	Assert the correct expected behavior.

The following shows these steps in the sample code:
[TestMethod]
public void CheckValidFile()
{
    // arrange
    var fileName = "test.txt";
    var content = "test";
    File.WriteAllText(fileName, content);
    // act
    var test = new TestReader();
    test.LoadFile(fileName);
    // assert
    Assert.AreEqual(content, test.Content);
}

[bookmark: _Toc254018565]Tip: You can find the complete source code for all the exercises in Appendix A.

[bookmark: _Toc254893261]Task 1: Create the Test Project
This task shows how to create a Visual Studio Unit Test Project, add a new test to your solution, and then run the test. You will expand this test in later sections to use stub types and moles to work around the file dependency in the sample code.
To create the test project
1.	Open the StubsTutorial solution from Exercise 1, if it is not already open.
2.	In Visual Studio, click File > New > Project.
3.	 In the left pane of the New Project dialog box, expand Visual C#, and click Test. In the center pane, click Test Project. In the Solution drop-down list, click Add to solution. 
[image: ] 
4.	Rename the project StubsTutorialTest, and click OK.
5.	In the Solution Explorer, right-click the References node under StubsTutorialTest, and click Add Reference from the context menu.
6.	In the Add Reference dialog, click the Projects tab, click StubsTutorial, and click OK.
[image: ]
7.	In the StubsTutorialTest project, find the UnitTest.cs file and open it for editing. 
8.	Replace the content of the file with the following snippet, which adds the unit test with the Arrange, Act, and Assert steps:
namespace StubsTutorial 
{
    using System.IO;
    using Microsoft.VisualStudio.TestTools.UnitTesting;
    [TestClass]
    public partial class TestReaderTest
    {
        [TestMethod]
        public void CheckValidFile()
        {
            // arrange
            var fileName = "test.txt";
            var content = "test";
            File.WriteAllText(fileName, content);
            // act
            var test = new TestReader();
            test.LoadFile(fileName);
            // assert
            Assert.AreEqual(content, test.Content);
        }
    }
}

9.	Build this solution, which should build without problems.
10.	Right-click in the method body of CheckValidFile and click Run Tests.
[image: ] 
11.	View the results in the Test Results tab, which is displayed at the bottom of the Visual Studio window.
[image: ] 
[bookmark: _Toc254018566]Summary of Exercise 2 
In this exercise, you created and executed a test for the code library from Exercise 1. This is a simple example of a significant problem, because code that is being tested relies on external input that is outside of your control. 

In the next exercise, you will investigate a way to provide greater isolation to this test, which will give you more control and eliminate potential sources of error.

[bookmark: _Toc254018567][bookmark: _Toc254893262]Exercise 3: Isolate the Test with the Moles Framework
This exercise demonstrates how to isolate the sample unit test by using both stub types and mole types provided by the Moles framework. The unit test can be isolated in two ways:
Refactor the code and introduce an abstract layer between TestReader and FileSystem, usually an interface.
A stub type of FileSystem that does not rely on the environment can be used when unit testing TestReader. The Moles framework can generate stub types for any .NET interfaces. 
This approach is described in Task 1 and Task 2.
Add runtime instrumentation to detour the method.
Runtime instrumentation is used as an alternative when refactoring is not possible. For example, even after introducing abstractions, some low-level code might still have to call an environment-facing API that is part of the runtime libraries. These libraries are sealed and cannot be refactored. In such cases, you have to use runtime instrumentation to detour method calls into this library.
By using the hooks provided by runtime instrumentation, you can detour any environment-facing API and fake its behavior. The Moles framework can generate mole types for this purpose. 
This approach is described in Task 3. 

Refactoring is the preferred method of isolation, because it does not require runtime instrumentation. However, refactoring is often not a choice—in which case, runtime instrumentation might be the only solution.
[bookmark: _Toc254018568][bookmark: _Toc254893263]Task 1: Refactor the Test Code using Stub Type
About Refactoring Code. The preferred solution for isolating code is to refactor code by introducing abstraction layers (interfaces) between the environment and the project. To do this in the test example, you could introduce an IFileSystem interface representing the services of FileSystem, as shown in the following snippet:
public interface IFileSystem
{
    string ReadAllText(string fileName);
}

You could rewrite the TestReader class to receive an instance of IFileSystem in its constructor. This pattern is a form of dependency injection called constructor injection. An example of dependency injection is shown in the following snippet: 
public class TestReader
{
    IFileSystem fs;
    public TestReader(IFileSystem fs)
    {
        this.fs = fs;
    }
    public void LoadFile(string fileName) 
    {
        var content = this.fs.ReadAllText(fileName);
        if (!content.StartsWith("test"))
            throw new ArgumentException("invalid file");
        this.Content = content;
    }
    public string Content { get; private set; }
}

Task 1 in this section provides an example of refactoring test code.
About Manually Written Mocks. If you manually wrote a unit test with a stub type, you would pass a stub implementation of IFileSystem—called MockFileSystem—instead of using the real file system. 
The following example provides a simple implementation that returns manually selected text from any file:
[TestMethod]
public void CheckValidFile() {

  // arrange
  var fileName = "test.txt";
  var content = "test";
  var fs = new MockFileSystem();
  fs.Content = content;

  // act
  var test = new TestReader(fs);
  test.LoadFile(fileName);

  // assert
  Assert.AreEqual(content, test.Content);
}

MockFileSystem is shown in the following code snippet:
class MockFileSystem : IFileSystem
{
    public string Content;
    public string ReadAllText(string fileName)
    {
        return this.Content;
    }
}

The problem with this approach is that you have to manually implement MockFileSystem, which increases the amount of code to write and maintain as part of your test. This is a simple example that has only one method. Manual implementation does not scale to interfaces with many members. An easier to manage approach is to use the Moles framework to automatically generate similar implementations of interfaces, as described later in Task 2. 
To refactor the test code using stubs
1.	To add a new interface to the StubsTutorial project, in Visual Studio, right-click the project, and click Add>New Item.  
2.	In the Add New Item dialog, click Interface. Name the file IFileSystem.cs, and click Add.
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3.	Open the IFileSystem.cs file for editing, and add this code snippet:
namespace StubsTutorial
{
    using System;
    public interface IFileSystem
    {
        string ReadAllText(string fileName);
    }
}

4.	In the TestReader.cs file, add a new class based on TestReader called TestReaderWithStubs.

Note: In actual use, you might just refactor the TestReader class as follows, but in this case we want the original TestReader code around to use later in the tutorial to demonstrate the use of mole types, which allow us to test without altering the original code.
To add the new class, add the following code snippet to modify the TestReaderWithStubs class to take an IFileSystem instance in the constructor and use it in the Load method:
public class TestReaderWithStubs
{
    IFileSystem fs;
    //constructor
    public TestReaderWithStubs(IFileSystem fs)
    {
        this.fs = fs;
    }
    public void LoadFile(string fileName) 
    {
        var content = this.fs.ReadAllText(fileName);
        if (!content.StartsWith("test"))
            throw new ArgumentException("invalid file");
        this.Content = content;
    }
    public string Content { get; private set; }
}

[bookmark: _Toc254893264]Task 2: Create Code Generated Stubs
About Code-Generated Stubs. The Moles framework generates stub types such as the following:
class SIFileSystem : IFileSystem
{
    public Func<string, string> ReadAllTextString;
    string IFileSystem.ReadAllText(string fileName) 
    {
        var stub = this.ReadAllTextString;
        if (stub != null)
          return stub(fileName);
        else
        ...
    }
}

The implementation of SIFileSystem.ReadAllText invokes the delegate stored in the ReadAllTextString field, if you have provided one. The delegate Func<string, string> represents a method that takes a single string argument and returns a string that precisely matches the method signature of ReadAllText.
By using SIFileSystem, you can eliminate the manually written MockFileSystem class, and instead attach a delegate to the ReadAllTextString field, as follows:
[TestMethod]
public void CheckValidFileWithStubs ()
{
    // arrange
    var fileName = "test.txt";
    var content = "test";
    //File.WriteAllText(fileName, content);
    var fs = new SIFileSystem();
    fs.ReadAllTextString = delegate(string f)
        {
            Assert.IsTrue(f == fileName);
            return content;
        };
    // act
    //var test = new TestReader();
    var test = new TestReader(fs);
    test.LoadFile(fileName);
    // assert
    Assert.AreEqual(content, test.Content);
}

With the Mole framework, code generation is controlled by an XML file that has a .moles filename extension. The Moles framework uses the .moles file to generate the code for stub types and mole types. 
About Stub Types and Mole Types Naming Conventions. Each stub type is named by: 
Inserting .Moles as a subnamespace, and
Prepending an “S” to the method name.

For example, the stub type of MyClass.MyMethod is named MyClass.Moles.SMyMethod. For details about stub type and mole type naming conventions, see Appendix B in “Microsoft Moles Reference Manual.”
To create a code-generated stub type
1. 	In Visual Studio, open the test project StubsTutorialTest, open the References node, right-click the StubsTutorial reference node and select Add Moles Assembly.
A .moles file is now added to the project, which is a simple XML file that specifies the assembly that should be moled and stubbed. The .moles file provides fine-grained control over the code generation. 
2. 	Build the project. The Moles MSBuild tools compile the mole types and stub types and add the generated assembly as a reference of the project. Moles also adds the necessary assembly references automatically, such as Microsoft.Moles.Framework.dll.
Tip: Do not check in the Moles assemblies!  
The generated Moles assemblies do not need to be added to your source control system. They will be regenerated automatically during the build.
3. 	In the TestReaderTest class, create a new method based on CheckValidFile called CheckValidFileWithStubs.  
4.	In this new method, make the following changes. The commented lines are the old code, followed by the new code:
[TestMethod]
public void CheckValidFileWithStubs()
{
    // arrange
    var fileName = "test.txt";
    var content = "test";
    //File.WriteAllText(fileName, content);
    var fs = new SIFileSystem();
    // act
    //var test = new TestReader();
    var test = new TestReaderWithStubs(fs);
    test.LoadFile(fileName);
    // assert
    Assert.AreEqual(content, test.Content);
}

This new code creates stub types for IFileSystem.
Note: The stub type named SIFileSystem is not recognized by Visual Studio. The next steps resolve this issue.
5.	Place your cursor in the name, and a small box should show up under the name. Place your cursor over the box, or click CTRL+. (that is, the period character). This displays an IntelliSense® dialog. 
6.	To update your code automatically, click the first item in the IntelliSense dialog to add the missing namespace that contains the reference.
Tip: Remember this trick!  
CTRL+. is the shortcut to the IntelliSense menu, and it can save you lots of time when coding in C#.
6.    Now that SIFileSystem is resolved by the editor, make the following changes. IntelliSense should help you all along the way:
[TestMethod]
public void CheckValidFileWithStubs()
{
    // arrange
    var fileName = "test.txt";
    var content = "test";
    //File.WriteAllText(fileName, content);
    var fs = new SIFileSystem();
    fs.ReadAllTextString = delegate(string f)
        {
            Assert.IsTrue(f == fileName);
            return content;
        };
    // act
    //var test = new TestReader();
    var test = new TestReaderWithStubs(fs);
    test.LoadFile(fileName);
    // assert
    Assert.AreEqual(content, test.Content);
}

7. 	Click Test > Run > All Tests in Solution to execute the unit test.  
As you run the tests, experiment with setting breakpoints until you have a good idea of how stub types work.

In this task, you learned how to isolate a unit test by using the Moles framework to generate stub types. The next exercise shows what can be done when refactoring code is not an option.
[bookmark: _Toc254893265][bookmark: _Toc254018569]Task 3: Add Runtime Instrumentation to the Test Code 
When refactoring is not possible, you can use runtime instrumentation c to detour the method. To do this, use the Moles framework to create mole types, which take advantage of runtime instrumentation. They are useful when dealing with APIs with static methods, sealed types, or nonvirtual methods. The task of generating mole types is controlled through the .moles file, similar to generating stub types.  
Each mole type is named by prepending an “M” to its name and placing it into a .Moles namespace. For example, the method Test in class MyClass:
void MyNamespace.MyClass.Test()

Becomes:
MyNamespace.Moles.MMyClass.Test

For details about naming conventions for mole types, see Appendix B in “Microsoft Moles Reference Manual.”
Tip: All argument types and the return type must be visible. 
The method signature must match one of the predefined sets of delegate signatures supported by the Moles framework. For details about the supported method signatures, see “Microsoft Moles Reference Manual.”
For each method in the moled method, there is a property defined in the mole type. The type of such property is a delegate that matches the signature of the moled method. By setting the property of the method in the moled method, you can redirect that method to the delegate. 
For example, by using the MFileSystem mole type in the sample code, you can attach a delegate to FileSystem.ReadAllText. To do this, you must assign the delegate to the MFileSystem.ReadAllTextString property as shown in the following code snippet:
[TestMethod]
[HostType("Moles")]
public void CheckValidFileWithMoles() 
{
    // arrange
    ...
    MFileSystem.ReadAllTextString = delegate(string f) 
    {
        Assert.IsTrue(f == fileName);
        return content;
    };
    ...
}

With this code in place, the Moles framework runtime reroutes any future calls to FileSystem.ReadAllText to that delegate 
Because mole types require runtime instrumentation, the Moles runtime runs under [HostType("Moles")], as follows:
[TestMethod]
[HostType("Moles")]

To instrument the test code with mole types
1.	In Visual Studio, starting with the project from the previous task, add the following unit test to the body of the TestReaderTest class:
[TestMethod]
[HostType("Moles")]
public void CheckValidFileWithMoles()
{
    // arrange
    var fileName = "test.txt";
    var content = "test";
    MFileSystem.ReadAllTextString = delegate(string f)
    {
        Assert.IsTrue(f == fileName);
        return content;
    };

    // act
    var test = new TestReader();
    test.LoadFile(fileName);

    // assert
    Assert.AreEqual(content, test.Content);
}    

2.	Build the code as you did in the previous tasks.
3.	Click Test > Run > All tests in solution to execute the test.
4.	To understand better how the mole redirection works, click F9 to place a breakpoint in the delegate, and then click Test > Debug > Tests in Current Context to execute the test under the debugger.
[bookmark: _Toc254018570]
Summary of Exercise 3 
You have seen how mole types can be used to isolate a unit test by refactoring the code using stub types and mole types. The Moles framework generates stub types or mole types at compilation time for any .NET interface, allowing you to isolate your test without needing to touch the .NET source code.
For more information about stub types, mole types, and the Moles framework, see “Microsoft Moles Reference Manual.” 
[bookmark: _Toc254018571][bookmark: _Toc254893266]Exercise 4: Create Parameterized Unit Tests with Pex
Important: To complete this exercise, you must install Microsoft Pex. Download  Microsoft Pex from the Microsoft Research site.
Microsoft Pex 2010 is a Visual Studio add-in that provides a runtime code analysis tool for .NET Framework code. The output of the tool helps you understand the behavior of the code, and it also builds automated tests with high code coverage. 
A parameterized unit test takes parameters, calls the code under test, and states assertions. Given a parameterized unit test written in a .NET language, Pex automatically produces a small test suite with high code and assertion coverage. 
In the previous exercises, you manually wrote unit tests and used stub types and mole types to isolate them. Microsoft Pex helps you automatically create parameterized unit tests to exercise all possible paths in your code. The Moles framework was designed to work efficiently with Pex.
This section is a brief introduction to using Pex in Visual Studio.
[bookmark: _Toc254018572][bookmark: _Toc254893267]Task 1: Enable Pex and Run Explorations
In this task, you will enable Microsoft Pex for the StubsTutorial project, and then use Pex Explorations to exercise the code in the project.
To enable Pex
1.	In Visual Studio, click Project > Add Reference. 
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2.	In the Add Reference dialog box, click the .NET tab. Scroll down and click Microsoft.Pex.Framework.  
[image: ] 
3.	To enable Pex in the test code created in earlier exercises:
Create a copy of CheckValidFileWithMoles, and rename it to CheckValidFileWithPex.
Refactor the content local as a parameter.
Replace the [TestMethod] and [HostType] attributes with [PexMethod], as shown in the following code snippet:
[PexMethod]
public void CheckValidFileWithPex(string content)
{
    // arrange
    var fileName = "test.txt";
    MFileSystem.ReadAllTextString = delegate(string f)
    {
        Assert.IsTrue(f == fileName);
        return content;
    };

    // act
    var test = new TestReader();
    test.LoadFile(fileName);

    // assert
    Assert.AreEqual(content, test.Content);
}

Note:  After you add the [PexMethod] attribute, a small red rectangle appears under the word. This is a shortcut to the IntelliSense menu in Visual Studio.
4.	Click the rectangle and select the first item: Using Microsoft.Pex.Framework.
This adds the appropriate namespace import at the top of the file. You can also use the IntelliSense CTRL+. shortcut.

To run Pex Explorations
1.	In the tutorial sample code, right-click in the test method and click Run Pex Explorations.
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2.	View the results, which are displayed in the Pex Exploration Results tab at the bottom of the Visual Studio window.
[image: ] 
Note: If you see fewer test cases, and the yellow issue bar shows an “Uninstrumented Method” issue:
1.	Click the Uninstrumented Method button, and click on the issue shown in the table.
2.	Click Instrument Assembly, acknowledge a code change, and then click Run Pex Explorations again.

The Pex results are displayed as a table. Each row in the table represents a Pex-generated test. Each column of the table contains:
An input value for the analyzed method. 
The output results of the analyzed method, if any.
Information about any exceptions that were raised during Pex explorations. 

When an exception occurs, you can click that exception in the Results pane. A Details pane appears on the right side of the Pex Exploration Results view, showing a stack trace of the exception. Click the blue frames to move the editor to that location.
The full error message is also available in a pop-up that you can display by hovering over the exception type in the stack trace view of the Details pane of the Pex Exploration Results window.
About Microsoft Pex. Pex generates test cases by analyzing the program code that gets executed. For every statement in the code, Pex will eventually try to create a test input that will reach that statement. Pex will do a case analysis for every conditional branch in the code—for example, if statements, assertions, and all operations that can throw exceptions.
When a generated test fails, Pex often suggests a bug fix. To do so, Pex performs a systematic program analysis, similar to path bounded model-checking. 

[bookmark: _Toc254018573]Summary of Exercise 4 
You have seen how Pex can be used to automate the creation of efficient unit tests for .NET code. To take advantage of Pex, you’ll want to learn more about parameterized unit testing and about how Microsoft Pex works. For more information, see:
	“Exploring Code with Microsoft Pex”  
	“Parameterized Unit Testing with Microsoft Pex”

[bookmark: _Resources_and_References][bookmark: _Toc254430427][bookmark: _Toc254893268]Resources and References
Pex Resources, Publications, and Channel 9 Videos
Pex and Moles at Microsoft Research 
http://research.microsoft.com/pex/ 
Pex Documentation Site
Pex and Moles Tutorials	Technical Level:
Getting Started with Microsoft Pex and Moles	200
Getting Started with Microsoft Code Contracts and Pex	200
Unit Testing with Microsoft Moles	200
Exploring Code with Microsoft Pex	200
Unit Testing Asp.NET applications with Microsoft Pex and Moles	300
Unit Testing SharePoint Foundation with Microsoft Pex and Moles	300
Unit Testing SharePoint Foundation with Microsoft Pex and Moles (II)	300
Parameterized Unit Testing with Microsoft Pex	400
Pex and Moles Technical References	
Microsoft Moles Reference Manual	400
Microsoft Pex Reference Manual	400
Microsoft Pex Online Documentation 	400
Parameterized Test Patterns for Microsoft Pex	400
Advanced Concepts: Parameterized Unit Testing with Microsoft Pex	500
Community
Pex Forum on MSDN DevLabs 
Pex Community Resources 
Nikolai Tillmann’s Blog on MSDN 
Peli de Halleux’s Blog 
[bookmark: _Toc254018580]Terminology Cheat-Sheet
delegate
A delegate is a reference type that can be used to encapsulate a named or an anonymous method. Delegates are similar to function pointers in C++; however, delegates are type-safe and secure. For applications of delegates, see Delegates in the C# Programming Library on MSDN. 
integration test
An integration test exercises multiple test units at one time, working together. Integration tests exercise a target system such as a database, file system, or SharePoint. In an extreme case, an integration test tests the entire system as a whole. 
mock
A mock is an object that provides limited simulation of another object for testing a specific scenario. For example, a mock can be created that returns specific error codes that might take too long to occur naturally.
mole type 
The Moles framework provides strongly typed wrappers that allow you to redirect any .NET method to a user defined delegate. These wrappers are called mole types, after the framework that generates them. A method that has been wrapped like this is referred to as moled.
stub type
Usually a stub type is a trivial implementation of an object that does nothing. In the Moles framework, it is specifically a type generated for interfaces and non-sealed classes, which allows you to redefine the behavior of methods by attaching delegates.
unit test
A unit test takes the smallest piece of testable software in the application, isolates it from the remainder of the code, and determines whether it behaves exactly as you expect. Each unit is tested separately. Units are then integrated into modules to test the interfaces between modules. The most common approach to unit testing requires drivers and stubs to be written, which is simplified when using the Moles framework.
[bookmark: _Appendix_A:_Complete][bookmark: _Toc254893269]Appendix A: Complete Test Code for this Tutorial
This is the complete code used in the exercises, in its final form. You can compare your code to this example to confirm that all steps were executed.
[bookmark: _Toc254018581]TestReader.cs
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace StubsTutorial
{
    public class TestReader
    {
        public string Content { get; private set; }
        public void LoadFile(string fileName)
        {
            var content = FileSystem.ReadAllText(fileName);
            if (!content.StartsWith("test"))
                throw new ArgumentException("invalid file");
            this.Content = content;
        }
    }

    public class TestReaderWithStubs
    {
        IFileSystem fs;

        //constructor
        public TestReaderWithStubs(IFileSystem fs)
        {
            this.fs = fs;
        }

        public void LoadFile(string fileName) 
        {
            var content = this.fs.ReadAllText(fileName);
            if (!content.StartsWith("test"))
                throw new ArgumentException("invalid file");
            this.Content = content;
        }

        public string Content { get; private set; }
    }
}
[bookmark: _Toc254018582]FileSystem.cs
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace StubsTutorial
{
    public class FileSystem : IFileSystem
    {
        public string ReadAllText(string fileName)
        {
            return File.ReadAllText(filename);
        }
    }
}

[bookmark: _Toc254018583]IFileSystem.cs
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace StubsTutorial
{
    public interface IFileSystem
    {
        string ReadAllText(string fileName);
    }
}
[bookmark: _Toc254018584]UnitTest1.cs
using System;
using System.Collections.Generic;
using System.IO;
using System.Linq;
using System.Text;
using Microsoft.VisualStudio.TestTools.UnitTesting;
using Microsoft.Pex.Framework;
using StubsTutorial.Moles;

namespace StubsTutorial
{
    [TestClass]
    public partial class TestReaderTest
    {
        [TestMethod]
        public void CheckValidFile()
        {
            // arrange
            var fileName = "test.txt";
            var content = "test";
            File.WriteAllText(fileName, content);
            // act
            var test = new TestReader();
            test.LoadFile(fileName);
            // assert
            Assert.AreEqual(content, test.Content);
        }

        [TestMethod]
        public void CheckValidFileWithStubs()
        {
            // arrange
            var fileName = "test.txt";
            var content = "test";
            //File.WriteAllText(fileName, content);
            var fs = new SIFileSystem();
            fs.ReadAllTextString = delegate(string f)
                {
                    Assert.IsTrue(f == fileName);
                    return content;
                };
            // act
            //var test = new TestReader();
            var test = new TestReaderWithStubs(fs);
            test.LoadFile(fileName);
            // assert
            Assert.AreEqual(content, test.Content);
        }

        [TestMethod]
        [HostType("Moles")]        
        public void CheckValidFileWithMoles()
        {
            // arrange
            var fileName = "test.txt";
            var content = "test";
            MFileSystem.ReadAllTextString = delegate(string f)
            {
                Assert.IsTrue(f == fileName);
                return content;
            };

            // act
            var test = new TestReader();
            test.LoadFile(fileName);

            // assert
            Assert.AreEqual(content, test.Content);
        }    

        [PexMethod] 
        public void CheckValidFileWithPex(string content) 
        {
            // arrange
            var fileName = "test.txt";
            MFileSystem.ReadAllTextString = delegate(string f)
            {
                Assert.IsTrue(f == fileName); 
                return content; 
            };

            // act
            var test = new TestReader();
            test.LoadFile(fileName);

            // assert
            Assert.AreEqual(content, test.Content); 
        }
   
    }
}
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