 
Microsoft Moles Reference Manual - 2
[bookmark: _GoBack]Microsoft Moles Reference Manual
Version 0.93   – August 9, 2010
Abstract
The Microsoft Moles 2010 add-in for Microsoft® Visual Studio® 2010 is a lightweight framework for creating delegate-based test stubs and detours in .NET Framework applications. 
Provided with Microsoft Pex 2010 and as a standalone download, Moles can be used to detour any .NET method, including non-virtual and static methods in sealed types.  Although the stub and mole types are generated as C# code, the framework can generate stubs and moles for types defined in any .NET language. 
This document provides detailed information for the experienced developer who seeks to extend testing strategies that require isolating test cases from environment dependencies. 
This manual is Technical Level 300-400. To take advantage of this content, you should be experienced with the concepts and capabilities discussed in these documents:
“Unit Testing with Microsoft Moles”
“Unit Testing SharePoint Foundation 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 

Contents
Introduction to the Moles Framework	3
Choosing between Stub and Mole Types	4
Stub Types	5
Example: Stubbing the File System	5
Comparison to Existing Frameworks	7
Stub Types Basics	8
Code Generation Configuration	11
Naming Conventions	12
Type Filtering	12
Debugging Experience	13
Stubbing Concrete Classes and Virtual Methods	13
Limitations	14
Advanced Topics	14
Mole Types	16
Example: The Y2K Bug	16
Moles Requirements	17
Mole Basics	17
Naming Conventions	23
Advanced Topics	23
Code Generation and Compilation	24
Strong Name Signing	24
Internal Types	24
Code Generation Command Line	24
MSBuild Build Integration	25
Test Execution	25
Selecting the Target Platform	25
Other Unit Test Frameworks	25
Example: Testing Windows Communication Foundation	27
Resources and References	28
Appendix B: Mole Type and Stub Type Naming Conventions	30


Disclaimer: This document is provided “as-is”. Information and views expressed in this document, including URL and other Internet Web site references, may change without notice. You bear the risk of using it. 
This document does not provide you with any legal rights to any intellectual property in any Microsoft product. You may copy and use this document for your internal, reference purposes. 
© 2010 Microsoft Corporation. All rights reserved.
Microsoft, Visual Studio, and Windows are trademarks of the Microsoft group of companies.  All other trademarks are property of their respective owners.

[bookmark: _Toc262659307][bookmark: _Toc253867884]Introduction to the Moles Framework
Background: About Frameworks for Stubbing. Developers often seek to test individual components in isolation, to make testing more robust and scalable. A common approach is to use dummy implementations—so-called test stubs– for components that are not currently under test. However, it is often difficult to implement stubs in practice, because the code-under-test does not allow the use of test stubs, but instead insists on particular hard-coded implementations. 
Some frameworks seek to help to developers create, maintain, and inject dummy implementations. Some frameworks use dynamic code generation at test time to create dummy implementations on the fly. Other frameworks use remoting features to simulate interactions with stubbed components. But many of these solutions are quite complex themselves. Instead of making testing simpler—which was the idea of stubs—they add an overhead that is often not negligible: 
Code generation at runtime and dynamic message interception impose significant runtime cost. 
When an error occurs, debugging might be complicated when it’s not clear whether the error is in the stubbing infrastructure, in the user-written test, or in product code. 
Dynamic whitebox test-generation tools such as Pex, which rely on tracing control- and dataflow at runtime, have to analyze the test and product code and also the stub framework. 

The Moles Framework. The need for a stub framework that could be effectively used with Pex initially motivated the creation of the Moles framework for generating stub types and mole types: 
Stub types make it easy to test code that consumes interfaces, or non-sealed classes with overridable methods. 
Mole types allow detouring of hard-coded dependencies on static or non-overridable methods. 

Stub Types. A stub of the type T provides a default implementation of each virtual member of T—that is, virtual or abstract methods, properties, and events. The default behavior can be dynamically customized for each member. Such a stub is realized by a distinct type which is generated by the framework as C# code. As a result, all stubs are strongly typed. 
Although stub types can be generated for interfaces and non-sealed classes with overridable methods, they cannot be used for static or non-overridable methods. To address these cases, the Moles framework generates mole types for any .NET type. 
Mole  Types. A mole of type T can provide an alternative implementation for each non-abstract member of T. The Moles framework will redirect method calls to members of T to the alternative mole implementation. Under the cover, the Moles framework uses a profiler to rewrite the method bodies to be able to redirect method calls. 
Delegates. Both stub types and mole types allow using delegates to dynamically customize the behavior of individual stub members. Moles is a very lightweight framework; it does not provide advanced declarative verification features found in other mock frameworks, such as Moq, Rhino Mocks, NMock, or Isolator. In that sense, the Moles framework is really an isolation framework and not a mock framework. 
The idea of using delegates to stub or mock types is not new; others have proposed it earlier, as described in the References under “Resources and References” later in this document. 
In this document, we explore details with examples for implementing stub types and mole types, with examples for usage.
[bookmark: _Toc262659308]Choosing between Stub and Mole Types
Stub types and mole types build on different technologies. They carry different requirements and properties. The following list and table summarize different aspects that will help you determine whether to choose stub types or mole types.
Detour implementation. The mole types rely on runtime code rewriting, which is implemented by a CLR profiler. The stub types simply rely on virtual method dispatch.
Performance. The runtime code rewriting used by mole types introduces significant performance degradation in execution time. The stub types do not have this performance overhead and are as fast as virtual methods can go.
Static methods, sealed types. The stub types can only influence methods that can be overridden. Therefore, stub types cannot be used for static methods, non-virtual methods, sealed virtual methods, methods in sealed types, and so on.
Internal types. Both stub types and mole types can be used with internal types that were made accessible through the [InternalsVisibleTo(…)] attribute.
Private methods. The mole types can replace private methods if all the types on the method signature are visible. 
Static Constructor and Finalizers. Moles can “erase” static constructors and finalizers for user given types.
Deployment. The mole types require a CLR profiler to be installed on the machine to execute the tests. This might be an issue if the build machine cannot be modified. The stub types are self-contained and will work properly as long as the Moles framework assemblies are present.
Interfaces and abstract methods. Stub types provide implementations of interfaces and abstract methods that can be used in testing. Mole types cannot instrument interfaces and abstract methods, because they do not have method bodies. 
In general, we recommend that you use stub types to isolate from dependencies. This can be achieved by hiding the components behind interfaces. Mole types can be used to isolate from third-party components that do not provide a testable API.
Stub Types and Mole Types Comparison
	Feature
	Stub types
	Mole types

	Detour mechanism
	Virtual method overriding
	Runtime instrumentation

	Static methods, sealed types
	No
	Yes

	Internal types
	Yes
	Yes

	Private methods
	No
	Yes

	Static Constructors and Finalizers
	No
	Yes

	Performance
	Fast
	Slower

	Deployment
	Xcopy
	Installer

	Abstract methods
	Yes
	No



[bookmark: _Toc262659309]Stub Types
In this section, we will focus on the stub types.
[bookmark: _Toc262659310]Example: Stubbing the File System
Let’s start this discussion with a motivating example: an interface that creates an abstraction from the file system. To keep things simple, let’s assume it has only one method:
interface IFileSystem {
    string ReadAllText (string fileName) ;
} 

In production code, this interface would probably be implemented using the System.IO.File class:
class FileSystem : IFileSystem {
    public string ReadAllText(string fileName) {
         return File.ReadAllText(fileName);
    }
}

For unit testing purposes, you would want to avoid the physical file system and simulate it through in-memory streams for example. A simple way to implement IFileSystem would be to provide a default implementation of each member and override the behavior of a subset of members. The downside of this approach is that each test would require a customized implementation of IFileSystem, and a lot of members that are not used in the test would still have be generated and clutter the code. 
The approach selected by Moles is to use delegates—that is, managed function pointers—to provide custom implementations of interface members. 
The following is an example of the code generated by Moles for IFileSystem. The stubbed method calls a user-defined delegate, if provided, and otherwise falls back to a behavior: to throw an exception that indicates that no custom behavior was defined. This behavior can be customized as well.
class SIFileSystem
    : StubBase
    , IFileSystem {
    // the user can assign this delegate

        public Func<string, string> ReadAllTextString;
        //stub of IFileSystem.ReadAllText (string)
        string IFileSystem.ReadAllText(string fileName) {
            var fcn = this.ReadAllTextString;
            if (fc != null)
                return fcn(fileName); // user-provided behaviors
            else
                //throw!
                return
                    this.InstanceBehavior
                        .Result<SIFileSystem, string>(this);
    }
}

Let’s see how this works in a sample unit test. We are writing a simple helper method that reads the contents of a file, and checks if the file is empty—though this is just an example, where there are better ways to do this:
static class FileHelper {
    public static bool IsEmpty(IFileSystem fs, string f) {
        var content = fs.ReadAllText(f);
        return String.IsNullOrEmpty(content);
    }
}

We start by writing a test that checks that if the content is "hello", then IsEmpty  returns false. To simulate the behavior of ReadAllText, we set a custom ReadAllText delegate:
[TestMethod]
public void FileIsNotEmpty() {
     //arrange
     var file = "MyFile.txt";
     var content = "helloworld";

     // ReadAllText should only be called for "MyFile.txt"
     // and always returns "hello",
     var fileSystem = new SIFileSystem() {
          ReadAllTextString = filename => {
               Assert.AreEqual(fileName, file);
               return content;
          }
     };

     // act
     bool result = FileHelper.IsEmpty(fileSystem, file);

     // assert
     Assert.IsFalse(result);
}

The important point in this example is that we’ve attached a behavior to the ReadAllText method by assigning to the ReadAllText field:
var fileSystem = new SIFileSystem() {
    ReadAllTextString = filename => {
        Assert.AreEqual(fileName, file);
        return content;
    }
};

In this example, we use the C# 3.0 lambda syntax—the (…) => … expression—which provides an elegant way to write short anonymous methods that can be used as delegates. Visual C# Version 2.0 also provides a way to define such anonymous delegates:
var fileSystem = new SIFileSystem();
fileSystem.ReadAllTextString = delegate(string fileName) {
    Assert.AreEqual(fileName, file);
    return content;
};

Remember that it is really just a shorthand notation for an implicitly created closure, similar to the following long form. This version makes it explicit that a delegate is really a managed function pointer:
var fileSystem = new SIFileSystem();
var c = new Closure();
c.file = file;
c.content = content;
fileSystem.ReadAllTextString = c.ReadAllText;

The closure class could be defined as follows:
class Closure {
    public string file, content;
    public string ReadAllText(string fileName) {
        Assert.AreEqual(fileName, this.file);
        return this.content;
    }
}

[bookmark: _Toc262659311]Comparison to Existing Frameworks
There are already many mocking frameworks for .NET. The following snippet is taken from the home page for Moq, a popular mocking framework. The sample shows how expression trees can be used to specify behavior for a dynamically generated interface implementation:
public void MoqDemo() {
    var mock = new Mock<ILoveThisFramework>();

    //WOW! No record/reply weirdness?! :)
    mock.Setup( 
    framework => framework.ShouldDownload(It.IsAny<Version>()))
    .Callback(
     (Version version) =>
        Console.WriteLine("Someone wanted version {0}!!!", version))
    .Returns(true)
    .AtMostOnce();

    // Hand mock.Object and exercise it,
    // like calling methods onit...
    ILoveThisFramework lovable = mock.Object;
    bool download =
        lovable.ShouldDownload(new Version("2.0.0.0"));

    mock.VerifyAll();

    // You can also verify a single expectation you’re interested in
    // This checks that the given method was indeed called 
    // with that value
    mock.Verify(
        framework => framework.ShouldDownload(new Version("2.0.0.0"))
        );
}

Using Moles, this example can be rewritten as follows:
public void StubsDemo() {
    // Just attach a delegate to add a custom behavior
    int callCount = 0;
    var stub = new SILoveThisFramework() {
        ShouldDownloadVersion = version => {
            Console.WriteLine("Someone wanted version {0}!!!", 
                version);
            Assert.IsTrue(callCount++ < 1); //at most once
            return true;
        }
    };
    
    // simply cast the stub to the interface
    ILoveThisFramework lovable = stub;
    bool download = lovable.ShouldDownload(new Version("2.0.0.0"));
}

The important difference between Moles and other mock frameworks are:
Many mock framework rely on dynamic code generation (Reflection.Emit), transparent proxy objects (intended for remoting), or Visual C# Version 3.0 expression trees to let users define custom behaviors at runtime. 
Moles pre-generates straightforward source code for stub types beforehand, and it relies solely on delegates to customize behavior.
Mock frameworks provide facilities to set expectation and verify them—that is, mock.Verify(...). 
Moles provide no such facilities. However, with a few lines of delegate code together with closures to maintain state, you can often achieve a similar effect. In other words, although advanced mock frameworks often provide facilities for declarative specifications of behavior, Moles doesn’t. The Moles framework promotes a more imperative style of specifying mocked behavior. 
[bookmark: _Toc262659312]Stub Types Basics
Methods
As described in the IFileSystem example, methods can be stubbed by attaching a delegate with the same signature to their backing field. For example, given the following IMyInterface interface and method MyMethod:
interface IMyInterface {
    int MyMethod(string value);
}

We attach a stub to MyMethod that always returns 1:
var stub = new SIMyInterface();
stub.MyMethod = (value) => 1;

Internally, the implementation of MyMethod simply calls the user-defined delegate, if any, or executes the behavior:
class SIMyInterface
    : StubBase
    , IMyInterface {
    public Func<string, int> MyMethod;
    int IMyInterface.MyMethod(string value) {
        var sh = this.MyMethod;
        if (sh != null)
            return sh(value);
        else
            return
                this.InstanceBehavior
                .Result<SIMyInterface, int>(this);
    }
}

Properties
Property getters and setters are exposed as separate delegates and can be stubbed separately. For example, consider the Value property of IMyInterface:
interface IMyInterface {
    int Value { get; set; }
}

We attach delegates to the getter and setter of Value to simulate an auto-property:
var stub = new SMyInterface();
int i = 5;
stub.ValueGet = () => i;
stub.ValueSet = (value) => i = value;

When a property has a setter and a getter and their delegate fields have not been set, Moles can automatically generate a backing field behavior. When Moles generates the backing field delegates, it queries to behavior for an initial value:
public void AttachBackingFieldToValue()
{
    int initialValue;
    if (this.ValueGet == null &&
        this.ValueSet == null &&
        this.InstanceBehavior
            .TryGetValue(this, out initialValue))
    {
        var field = new StubValueHolder<int>(initialValue);
        this.ValueGet = field.GetGetter();
        this.ValueSet = field.GetSetter();
    }
}

Events
Events are exposed as delegate fields. As a result, any stubbed event can be raised simply by invoking the event backing field. Let us consider the following interface to stub:
interface IWithEvents {
    event EventHandler Changed;
}

To raise the Changed event, we simply invoke the backing delegate:
var withEvents = new SIWithEvents();
// raising Changed
withEvents.ChangedEvent(withEvents, EventArgs.Empty);

The implementation is quite small, because it simply exposes the backing delegate field publicly:
public EventHandler ChangedEvent;
event EventHandler IWithEvents.Changed
{

    add {
        this.Changed =
             (EventHandler)Delegate.Combine(this.ChangedEvent, value);
    }
    remove {
        this.Changed =
           (EventHandler)Delegate.Remove(this.ChangedEvent,, value);
    }
}

Generic Methods
It is possible to stub generic methods by providing a delegate for each desired instantiation of the method. For example, given the following interface containing a generic method:
interface IGenericMethod {
    T GetValue<T>();
}

You could write a test that stubs the GetValue<int> instantiation:
[TestMethod]
public void GetValue() {
    var stub = new SIGenericMethod();
    stub.GetValue<int>(() => 5);

    IGenericMethodtarget = stub;
    Assert.AreEqual(5, target.GetValue<int>());
}

If the code was to call GetValue<T> with any other instantiation, the stub would simply call the behavior. Internally, a dictionary of instantiation is stored and maintained by the stub instance:
class SIGenericMethod
    : StubBase
    , IGenericMethod {
    // the set of implementations for GetValues
    StubDictionary getValues;
    //stores an instantiated stub delegate in the dictionary
    public void GetValue<T>(Func<T> stub) {
        this.getValues = StubDictionary.Concat(this.getValues,stub);
    }
    // stub of GetValue<T>
    T IGenericMethod.GetValue<T>() {
        Func<T> stub;
        if (this.getValues.TryGetValue<Func<T>>(out stub))
            return stub();
        else

            return this.InstanceBehavior
                       .Result<SIGenericMethod, T>(this);
    }
}

Partial Stubs
Partial stubs occur when you are stubbing classes and allow you to stub a part of the members only. When a virtual member is not stubbed, the base method is called instead of the behavior. The partial stub mode can be turned on through the CallBase property, which stubs of classes implement (from the IPartialStub interface).
 For example, given a class with a GetName virtual method:
class Base{
    public virtual string GetName(){
        Return "joe";
    }
}

We specify to the stub that it should call the base implementation by setting the CallBase property:
var stub=new SBase(){
    CallBase=true
    };

//calls the base implementation
Assert.AreEqual("joe",stub.GetName());

Internally, the stub implementation first uses a user-provided delegate if any, then the base implementation if CallBase is true, and then calls the behavior:
public Func<string> GetNameStub;
public override string GetName()
{
    var sh = this.GetNameStub;
    if (sh != null) return sh();
    else if (this.CallBase)
        return base.GetName();
    else
        return this.InstanceBehavior
            .Result<SBase, string> (this);
}

[bookmark: _Toc262659313]Code Generation Configuration
The generation of stub types is configured in an XML file that has the .moles file extension. The framework has a file generator associated to this file extension that runs when the project is loaded or whenever the .moles file is saved. The Moles code generator compiles the stub types into an assembly and adds it to the project. It is also possible to disable the compilation, in such case, the Moles code generator will insert the generated C# sources in the project.
The following example illustrates stub types defined in FileSystem.dll:
<Moles xmlns="http://schemas.microsoft.com/moles/2010/">
    <AssemblyName="FileSystem"/>
</Moles>

A new .moles file can be created from the Add New Item dialog window.
[image: http://sharepoint/sites/guides/Pex/Moles%20Manual%20Illustrations/1%20-%20Add%20new%20item%20-%2060.png] 
[bookmark: _Toc262659314]Naming Conventions
When the stub types are compiled, the compiled assembly and documentation file are added below the .moles file. 
The Moles framework for Visual Studio monitors build events and automatically forces the regeneration of stub types for projects that have been updated. For efficiency reasons, this automatic update only works for .moles files that are in the top level folder of the project, to avoid walking large nested project structures. This automatic update creates a smooth experience when writing code in a test-driven development style. 
Generated stub types are nested in sub-namespaces—that is, interfaces from the System namespace will be generated in the System.Moles namespace. 
The name of a generated stub is constructed by prefixing the basic type name with a capital S. 
Important: The generated files should not be edited, because the code generator might override it. 
Although the regeneration of stub types is automated, you can force a regeneration in Visual Studio by right-clicking the .moles file and then clicking Run Custom Tool.
[bookmark: _Toc262659315]Type Filtering
Filters can be set in the .moles file to restrict which types should be stubbed. You can add an unbounded number of Clear, Add, Remove elements under the StubGeneration/Types element to build the list of selected types.
For example, this .moles file generates stubs for types under the System and System.IO namespaces, but excludes any type containing “Handle” in System:
<AssemblyName="mscorlib"/>
  <StubGeneration>
    <Types>
      <Clear />
      <Add Namespace=”System!” />
      <Add Namespace="System.IO!"/>
      <Remove TypeName=”Handle” />
    <Types>
  </StubGeneration>
</Assembly>

The filter strings use a simple grammar to define how the matching should be done:
Filters are case-insensitive by default; filters perform a substring matching:
el matches hello
Adding ! to the end of the filter will make it a precise case-sensitive match:
el! does not match hello
hello! matches hello
Adding * to the end of the filter will make it match the prefix of the string:
el* does not match hello
he* matches hello
Multiple filters in a semicolon-separated list are combined as a disjunction:
el;wo matches hello and world

[bookmark: _Toc262659316]Debugging Experience
The stub types generated by Moles are designed to provide a smooth debugging experience. By default, the debugger is instructed to step over any generated code, and thus it should step directly into the custom member implementations that were attached to the stub.
[bookmark: _Toc262659317]Stubbing Concrete Classes and Virtual Methods
By default, stub types are generated for all non-sealed classes. It is possible to restrict to abstract classes through the .moles configuration file:
<?xmlversion="1.0"?>
<Moles xmlns="http://schemas.microsoft.com/moles/2010/">
  ...
  <StubGeneration>
    <Types>
      <Clear />
      <Add AbstractClasses="true"/>
    </Types>
  </StubGeneration>
</Moles>

[bookmark: _Toc262659318]Limitations
The current implementation of Moles has several limitations. These limitations are not inherent to the approach and might be resolved in future releases of Moles: 
The Moles framework supports only a limited number of method signature—up to 10 arguments, where the last argument can be an out or ref argument. 
Method signatures with pointers are not supported. 
Sealed classes or static methods cannot be stubbed because stub types rely on virtual method dispatch. For such cases, use mole types as described in “Mole Types” later in this document.
[bookmark: _Toc262659319]Advanced Topics
Stub Types with State
Closures can encapsulate mutable state. Let us consider a test for the file Copy method, which reads from a file, using ReadAllText and writes to a target file using WriteAllText.
[TestMethod]
public void CopyAndCheckContent() {
    string source = "source.txt";
    string target = "target.txt";
    string content = "hello world";
    //prepare stub scenario:
    //copying content from source to target
    var fs = new SIFileSystem() {
        ExistsString = f => f == source,
        ReadAllTextString = f => {
            Assert.AreEqual(f, source);
            return content;
        }
    };

    string actualContent = null;
    fs.WriteAllTextStringString = (f, c) => {
        Assert.AreEqual(f, target);
        actualContent = c;
    };
    // act
    FileHelper.Copy(fs, source, target);
    // assert contents are equal
    Assert.AreEqual(content, actualContent);
}

Here, the custom WriteAllText stub sets the actualContext variable when someone writes to target; at the end of the test, we assert that the correct content was written:
string actualContent = null;
fs.WriteAllTextStringString = (f, c) => {
    Assert.AreEqual(f, target);
    actualContent = c;
};
// act
FileHelper.Copy(fs, source, target);
// assert contents are equal
Assert.AreEqual(content, actualContent);

Remember that all variables used in anonymous delegates and lambda expressions are put on the heap in a closure object. That’s why the stub type can easily communicate state changes with the test code.
Changing the Behavior
Each generated stub type holds an instance of the IBehavior interface (through the IBehaved.InstanceBehavior property). The behavior is called whenever a client calls a member with no attached custom delegate. If the behavior has not been set, it will use the instance returned by the BehavedBehaviors.Current property. By default, this property returns a behavior that throws a StubNotImplementedException exception. 
The behavior can be changed at any time by setting the InstanceBehavior property on any stub instance. For example, the following snippet changes a behavior that does nothing or returns the default value of the return type—that is, default(T):
var stub = new SIFileSystem();
// return default(T) or do nothing
stub.InstanceBehavior = BehavedBehaviors.DefaultValue;

The behavior can also be changed globally for all stub objects for which the behavior has not been set by setting the BehavedBehaviors.Current property:
//change default mole for all stub instances
//where the behavior has not been set
BehavedBehaviors.Current = 
    BehavedBehaviors.DefaultValue;

Pex also provides a behavior that makes a “choice” whenever a new value is needed:
//set Pex on this particular instance
stub.InstanceBehavior = PexChooseBehavedBehavior.Instance;
//set Pex for all stub instances
BehavedBehaviors.Current = PexChooseBehavedBehavior.Instance;

The Pex behavior is automatically activated by adding the [assembly: PexChooseAsBehavedBehavior] attribute to the test project.
Implementing a Behavior
Other behaviors can be achieved by implementing the IBehavior interface. For example, the following snippet implements a behavior that returns the default value of a given type:
[Serializable]
[DebuggerNonUserCode]
[__Instrument]
class DefaultValueStub
    : IBehavior {
    public TResult Result<TStub, TResult>(TStub me)
        where TStub : IBehaved {
        return default(TResult);
    }
    public void VoidResult<TStub>(TStub me)
        where TStub : IBehaved { }
    public void ValueAtReturn<TStub, TValue> (
        TStub me, out TValue value)
        where TStub : IBehaved {
        value = default(TValue);
    }
    public void ValueAtEnterAndReturn<TStub, TValue> (
        TStub stub, ref TValuevalue)
        where TStub : IBehaved { }
    public bool TryGetValue<TValue> (
        object name, out TValue value) {
        value = default(TValue);
        return true;
    }
}

Important: Avoid keeping state in the behavior. For performance reasons, do not store it as a singleton.
[bookmark: _Mole_Types][bookmark: _Toc262659320]Mole Types
In this section, we focus on the mole types. Mole types allow you to replace any .NET method, including static methods or non-virtual methods, with your own delegates.
[bookmark: _Toc262659321]Example: The Y2K Bug
Let us consider a method that throws an exception on January 1st of 2000:
public static class Y2KChecker {
    public static void Check() {
        if (DateTime.Now == new DateTime(2000, 1, 1))
            throw new ApplicationException("y2kbug!");
    }
}

Testing this method is particularly problematic, because the program depends on DateTime.Now, a method that depends on the computer clock—that is, an environment-dependent, non-deterministic method. Moreover, the DateTime.Now is a static property so a stub type cannot be used here. This problem is symptomatic of the isolation issue in unit testing: programs that directly call into the database APIs, communicate with web services, and so on are hard to unit test because their logic depends the environment. 
If .NET would us allow to redefine static methods, we could easily solve this testing problem by replacing the implementation of DateTime.Now with a delegate that always returns DateTime(2000,1,1):
// This does not work
DateTime.Now = () => new DateTime(2000,1,1);

This is where mole types should be used. Mole types provide a mechanism to detour any .NET method to a user defined delegate. Their usage is quite similar to stub types:  mole types get code-generated by the Moles generator, and they use delegates—which we call mole types—to specify the new method implementations. 
The following test shows how to use the mole type of DateTime—that is, MDateTime—to provide a custom implementation, DateTime.Now:
// hook delegate to the mole method to redirect DateTime.Now
// to return January 1st of 2000
MDateTime.NowGet = () => new DateTime(2000, 1, 1);
Y2KChecker.Check();

[bookmark: _Toc262659322]Moles Requirements
Under the hood, mole types use callbacks that were injected at runtime in the method MSIL bodies by the Pex profiler. Therefore, mole types must be run under the Pex profiler. With Visual Studio Unit Test, you can simply add the [HostType("Moles")] attribute to achieve this:
[TestMethod]
[HostType("Moles")] // run with code instrumentation
public void Y2kCheckerTest() {
    ...
}

When generating unit tests from a Pex method, Pex will automatically detect that mole types are used and will emit the attribute accordingly. When using mole types in another unit test framework as Visual Studio Unit Test, you need to wrap the test code in a MolesContext.Create call that clears the mole types:
[Test]
[Moled]
public void Y2kCheckerTest() {
    ...
}

If the unit tests are generated by Pex, this context is emitted automatically. With test frameworks that support extensibility, you can write extensions that allow to express this as an attribute:
using Xunit;
using Microsoft.Moles.Framework.Xunit;
public class xUnitTest
{
    [Fact]
    [Moled] // takes care of the mole context
    public void TestWithMoles() {
        ...
    }
}

The type being moled needs to be instrumented. The instrumentation can be set up using the Pex instrumentation attributes. When using mole types with Pex, this process happens naturally.
See Appendix A for MbUnit and xUnit.Net extensions that encapsulate the MoleRuntime.CreateContext call as an attribute.
[bookmark: _Toc262659323]Mole Basics
The mole properties for members are organized in the following fashion:
Static method moles in the mole type as static methods.
Instance method moles in the AllInstances nested type.
Instance method mole bound to the current mole in the mole type itself.
Constructor moles in the mole type as static method named Constructor.

The following sections describe the use of these methods.
Static Methods
The properties to attach moles to static methods are placed in a mole type. Each property has only a setter that can be used to attach a delegate to the target method. For example, given a class MyClass with a static method MyMethod:
public static class MyClass {
    public static int MyMethod() {
        ...
    }
}

We can attach a mole to MyMethod that always returns 5:
MMyClass.MyMethod = () =>5;

The generated type structure of MMyClass is as follows:
public class MMyClass {
    public static Func<int> MyMethod {
        set {
            ...
        }
    }
}

Instance Methods (for All Instances)
Similarly to static methods, instance methods can be moled for all instances. The properties to attach those moles are placed in a nested type named AllInstances to avoid confusion. For example, given a class MyClass with an instance method MyMethod:
public class MyClass {
    public int MyMethod() {
        ...
    }
}

We can attach a mole to MyMethod that always returns 5, regardless of the instance:
MMyClass.AllInstances.MyMethod = _ => 5;

The generated type structure of MMyClass is as follows:
public class MMyClass : MoleBase<MyClass> {
    public static class AllInstances {
        public static Func<MyClass, int>MyMethod {
            set {
                ...
            }
        }
    }
}

Instance Methods (for One Instance)
Instance methods can also be moled by different delegates, based on the receiver of the call. This enables the same instance method to have different behaviors per instance of the type. The properties to set up those moles are instance methods of the mole type itself. Each instantiated mole type is also associated with a raw instance of a moled method type. 
For example, given a class MyClass with an instance method MyMethod:
public class MyClass {
    public int MyMethod() {
        ...
    }
}

We can set up two mole types of MyMethod such that the first one always returns 5 and the second always returns 10:
var myClass1 = new MMyClass()
{
    MyMethod = () => 5
};
var myClass2 = new MMyClass() { MyMethod = () => 10 };

The generated type structure of MMyClass is as follows:
public class MMyClass : MoleBase<MyClass> {
    public Func<int> MyMethod {
        set {
            ...
        }
    }
    public MyClass Instance {
        get {
            ...
        }
    }
}

The actual moled type instance can be accessed through the Instance property:
var mole = new MMyClass();
var instance = mole.Instance;

The mole type also has an implicit conversion to the moled method type, so you can usually simply use the mole type as is:
var mole = new MMyClass();
MyClassinstance = mole;

Constructors
Constructors can also be moled in order to attach mole types to future objects. Each constructor is exposed as a static method Constructor in the mole type. For example, given a class MyClass with a constructor taking an integer:
public class MyClass {
    public MyClass(int value) {
        this.Value = value;
    }
    ...
}

We set up the mole type of the constructor so that every future instance returns -5 regardless of the value in the constructor:
MMyClass.ConstructorInt32 = (@this, value) => {
    var mole = new MMyClass(@this) {
        ValueGet = () => -5
    };
};

If we wanted to mole the next instance only, we could simply assign a null reference to the constructor mole property:
MMyClass.ConstructorInt32 = (@this, value) => {
    ...
    MMyClass.ConstructorInt32 = null;
};

Note that each mole type exposes two constructors. The default constructor should be used when a fresh instance is needed, while the constructor taking a moled instance as argument should be used in constructor moles only:
public MMyClass() { }
public MMyClass(MyClass instance) : base(instance) { }

The generated type structure of MMyClass is as follows:
public class MMyClass : MoleBase<MyClass>
{
    public static Action<MyClass, int> ConstructorInt32 {
        set {
            ...
        }
    }

    public MMyClass() { }
    public MMyClass(MyClass instance) : base(instance) { }
    ...
}

Base Members
The mole properties of base members can be accessed by creating a mole for the base type and passing the child instance as a parameter to the constructor of the base mole class. 
For example, given a class Base with an instance method MyMethod and a subtype Child:
public abstract class Base {
    public int MyMethod() {
        ...
    }
}

public class Child : Base {
}

We can set up a mole of Base by creating a new MBase mole:
var child = new MChild();
new MBase(child) { MyMethod = () => 5 };

Note that the child mole is implicitly converted to the child instance when passed as a parameter to the base mole constructor. 
The generated type structure of MChild and MBase is as follows:
public class MChild : MoleBase<Child> {
    public MChild() { }
    public MChild(Child child)
        : base(child) { }
}
public class MBase : MoleBase<Base> {
    public MBase(Base target) { }
    public Func<int> MyMethod
    { set { ... } }
}

Static Constructors
Static constructors are treated specially with Moles. It is possible to specify that the static constructor of a given type should be simply be erased. This is done through the [MolesEraseStaticConstructor] attribute as follows:
[assembly: MolesEraseStaticConstructor(typeof(MyStatic))]

class MyStatic {
    static MyStatic() {
        throw new Exception(); // needs moling…
    }
}
Finalizers
Finalizers are also treated specially with Moles. Finalizers may be executed at any time once the object has been collected by the garbage collector. Thus, it is most likely that the moles have already been cleared by the time the finalizer executes which might create some unexpected results. It is possible to specify that the finalizer of a given type should be simply be erased. This is done through the [MolesEraseFinalizer] attribute as follows:
[assembly: MolesEraseFinalizer(typeof(MyFinalizer))]

class MyFinalizer {
    ~MyFinalizer() {
        throw new Exception(); // needs moling…
    }
}
Private Methods
The Moles code generator will create mole properties for private methods that only have visible types in the signature, i.e. parameter types and return type visible.
Binding Interfaces
When a moled type implements an interface, the code generator emits a method that allows it to bind all the members from that interface at once. 
For example, given a class MyClass that implements IEnumerable<int>:
public class MyClass : IEnumerable<int> {
    public IEnumerator<int> GetEnumerator() {
        ...
    }
    ...
}

We can mole the implementations of IEnumerable<int> in MyClass by calling the Bind method:
var myClass = new MMyClass();
myClass.Bind(new int[] { 1, 2, 3 });

The generated type structure of MMyClass is as follows:
public class MMyClass : MoleBase<MyClass> {
    public MMyClass Bind(IEnumerable<int> target) {
        ...
    }
}

Configuring the Runtime Instrumentation
Because of the performance cost of runtime instrumentation, the user needs to specify which APIs shall be instrumented. When the developer tries to attach a delegate to a mole type whose moled type is not instrumented, the mole runtime might raise different exceptions:
MoleNotInstrumentedException–Raised when the moled type needs to be instrumented. 
The message of the exception contains the custom attribute that needs to be added to the test project to make the test project work. 
MoleNotInstrumentableException–Raised when the moled type cannot be instrumented. 
This scenario occurs for some special types in the .NET base class library mscorlib. This is a limitation of the runtime instrumentation, and there is no workaround. 

The instrumentation is controlled by the assembly-level attributes MoledTypeAttribute and MoledAssemblyAttribute, or, when using Pex, the family of PexInstrument...Attributes.
Changing the Behavior
Each generated mole type holds an instance of the IMoleBehavior interface, through the MoleBase<T>.InstanceBehavior property. The behavior is used whenever a client calls an instance member that was not explicitly moled. 
If the behavior has not been explicitly set, it will use the instance returned by the static MoleBehaviors.Current property. By default, this property returns a behavior that throws a MoleNotImplementedException exception. 
This behavior can be changed at any time by setting the InstanceBehavior property on any mole instance. For example, the following snippet changes the mole to a behavior that does nothing or returns the default value of the return type—that is, default(T):
var mole = new MMyClass();
//return default(T) or do nothing
mole.InstanceBehavior = MoleBehaviors.DefaultValue;

The behavior can also be changed globally for all moled instances—for which the InstanceBehavior property was not explicitly set—by setting the static BehavedBehaviors.Current property:
// change default mole for all mole instances
// where the behavior has not been set
MoleBehaviors.Current = 
    MoleBehaviors.DefaultValue;

Pex supports a special mole behavior: Whenever a value is needed—for example, as the return value of a moled method—then Pex can choose a value, effectively treating it as another test input, for which Pex might generate different values. This behavior can be selected as follows:
// set Pex on this particular instance
mole.InstanceBehavior = PexChooseMoleBehavior.Instance;
// set Pex for all mole instances
MoleBehaviors.Current = PexChooseMoleBehavior.Instance;

The Pex behavior is automatically activated by adding the assembly-level PexChooseAsMoleBehaviorAttribute to the test project.
Detecting Environment Accesses
It is possible to attach a behavior to all the members—including static methods—of a particular type by assigning the MoleBehaviors.NotImplemented behavior to the static property Behavior of the according mole type:
// never call SQL code
MMyClass.Behavior = MoleBehaviors.NotImplemented;
// shorthand
MMyClass.BehaveAsNotImplemented();

It is also possible to ensure that an assembly is totally moled by attaching the NotImplemented behavior to the entire assembly:
// never call SQL code
MoleBehaviors.AttachToAssembly(
    typeof(SqlConnection).Assembly,
    MoleBehaviors.NotImplemented);

[bookmark: _Toc262659324]Naming Conventions
Generated mole types are nested in sub-namespace—for example, the mole of the System.DateTime type will be generated in the System.Moles namespace. The name of a generated mole type is constructed by prefixing the basic type name with a capital M. 
[bookmark: _Toc262659325]Advanced Topics
Concurrency
Mole types apply to all threads and do not have thread affinity. This is an important fact if you plan to use a test runner that support concurrency: tests involving mole types cannot run concurrently.
The Visual Studio Unit Test host type ensures that a single test involving mole types runs at the same time to avoid interference between moled methods. Other unit test frameworks should make sure this is also the case. 
Note that _Detours—the underlying API—supports concurrent attach and detach of methods.
Calling the Original Method from the Mole Method
Imagine that we wanted to actually write the text to the file system after validating the file name passed to the method. In that case, we would want to call the original method in the middle of the mole method. 
A first approach to solve this problem is to use the MolesContext.ExecuteWithoutMoles method to execute the original method in a context where the moles redirection are disabled.
MFile.WriteAllTextStringString = (fileName, content) => {
  MolesContext.ExecuteWithoutMoles(() => {
    try {
      Console.WriteLine("enter");
      File.WriteAllText(fileName, content);
    }
    finally {    
      Console.WriteLine("leave");
    }
  });
};
Another approach is to set the mole to null, call the original method and restore the mole.
MolesDelegates.Action<string, string> mole = null;
mole = (fileName, content) => {
  try {
    Console.WriteLine("enter”);
    // remove mole in order to call original method
    MFile.WriteAllTextStringString = null;
    File.WriteAllText(fileName, content);
  }
  finally
  {
    // restore mole
    MFile.WriteAllTextStringString = mole;
    Console.WriteLine("leave");
  }
};
// initialize the mole
MFile.WriteAllTextStringString = mole;


Limitations
Moles cannot be used to rewrite constructors or external methods. This feature might be considered for a future version.
Moles cannot be used with some special types in the .NET base class library mscorlib.
Tests using Moles must be instrumented. 
The management of the instrumentation is done automatically by means of HostTypeAttribute for the Unit Test Framework in Visual Studio 2008 and Visual Studio 2010. 
For other frameworks, see Appendix A for more information on how to use Moles with other test frameworks.
    
[bookmark: _Toc262659326]Code Generation and Compilation
[bookmark: _Toc262659327]Strong Name Signing
The Moles framework will automatically sign the generated Moles assembly when the moled assembly is strongly signed. The Moles framework will always use the same key unless the user specifies a different key to sign the assembly. A different key can be specified in the .moles file.
<Moles ...>
  <Compilation KeyFile=”path to the key file” />
</Moles>
[bookmark: _Toc262659328]Internal Types
The Moles code generator will generate mole types and stub types for types that are visible to the generated Moles assembly. Internal types can be made visible by adding an InternalsVisibleTo attribute to the moled assembly that gives visibility to the generated Moles assembly. 
[assembly: InternalsVisibleTo(“FileSystem.Moles”)]

If the moled assembly is strongly signed, the Moles framework will automatically strongly sign the generated Moles assembly. In that case, the InternalsVisibleToAttribute attribute needs to refer to the assembly name as well as the public key. The Moles framework always uses the same key to sign the assembly, so you use this snippet as a starting point to add InternalsVisibleTo attribute to your project.
[assembly: InternalsVisibleTo(“FileSystem.Moles, PublicKey=0024000004800000940000000602000000240000525341310004000001000100e92decb949446f688ab9f6973436c535bf50acd1fd580495aae3f875aa4e4f663ca77908c63b7f0996977cb98fcfdb35e05aa2c842002703cad835473caac5ef14107e3a7fae01120a96558785f48319f66daabc862872b2c53f5ac11fa335c0165e202b4c011334c7bc8f4c4e570cf255190f4e3e2cbc9137ca57cb687947bc”)]
[bookmark: _Toc262659329]Code Generation Command Line
The Moles framework includes a command-line application that can generate the code by following the instructions in .moles files or directly from assemblies. By default, the command-line tool compiles the stub types and mole types into an assembly and places it into a MolesAssemblies subfolder. The following list shows examples of typical usage.
	Instruction
	Command

	Generate mole types and stub types for a particular assembly
	moles.exe assembly.dll

	Generate mole types and stub types from an existing .moles file
	moles.exe assembly.moles

	Generate mole types and stub types under a particular namespace
	moles.exe assembly .dll /nf:MyNamespace

	Get detailed help about usage of moles.exe
	moles.exe help



[bookmark: _Toc262659330]MSBuild Build Integration
The documentation of the MSBuild targets is available in the MSBuild Microsoft.Moles.targets file in the Moles installation directory.
The Moles framework provides custom MSBuild targets to integrate stub type generation before and after the build occurs.  The Moles framework does not yet provide an integration with the property pages. We assume that you are familiar with the MSBuild file format.
[bookmark: _Toc262659331]Test Execution
All unit test annotated with the [HostType(“Moles”)] attribute will automatically run under the Moles profiler. This section describes other options that are useful to control how the execution of the test occurs.
[bookmark: _Toc262659332]Selecting the Target Platform
The target platform, i.e. 32-bit x86 process or 64-bit x64 process, may be specified through the MolesAssemblySettings attribute.
using Microsoft.Moles.Framework;
[assembly: MolesAssemblySettings(Bitness = MolesBitness.x86)]
[bookmark: _Toc262659333]Other Unit Test Frameworks
It is possible to use Moles with any unit test framework that supports a managed command line runner. In order to execute the mole types in an instrumented process, you have to launch the unit test runner through the moles.runner.exe command-line tool.
Launching the xUnit.net tests contained in mytests.dll:
moles.runner.exe mytests.dll /runner:xunit.console.exe

Launching the xUnit.net tests in a .NET2.0 x86 process:
moles.runner.exe mytests.dll /runner:xunit.console.exe /x86 /v2

Launching the xUnit.net tests with additional arguments for the runner:
moles.runner.exe mytests.dll /runner:xunit.console.exe /args:/noshadow

The following extensions wrap the creation of the mole type context as an attribute. This makes mole types easier to use with those unit test frameworks. The full source of each attribute is available in the samples that are provided in the Pex or Moles installer. This allows to recompile them against the version of the test framework you are using.
NUnit
Assembly
Microsoft.Moles.NUnit.dll 
You will have to register that add-in with NUnit by copying the Microsoft.Moles.NUnit.dll assembly in the NUnit bin/addins folder.
NUnit Version
 2.5.2.9222 (for other NUnit versions, recompile the attribute from sources)
Example Usage
using NUnit.Framework; 
using Microsoft.Moles.Framework.NUnit;
[TestFixture]
public class NUnitTest
{
    [Test]
    [Moled] // set up of the mole context around the test case
    public void TestWithMoles() {
        ...
    }

    // alternative not using [Moled]
    [Test]
    public void TestWithMoles() {
        using(MolesContext()) { // clears moles leaving context
            ...
        } 
    }
}
Command Line
Make sure you use the /domain=None argument when invoking the NUnit console runner.
moles.runner.exe /r:nunit-console.exe /args=”/domain=None” ..

xUnit.Net
Assembly
Microsoft.Moles.xUnit.dll
xUnit.net Version
 1.5.0.1479 (for other xUnit.net versions, recompile the attribute from sources)
Example Usage
using Xunit;
using Microsoft.Moles.Framework.Xunit;
public class xUnitTest
{
    [Fact]
    [Moled] // sets up the mole context around the test case
    public void TestWithMoles() {
        ...
    }

    // alternative not using [Moled]
    [Test]
    public void TestWithMoles() {
        using(MolesContext()) { // clears moles leaving context
            ...
        } 
    }
}
Command Line
Make sure you use the /noshadow argument when invoking the xUnit console runner.
moles.runner.exe /r:xunit.console.exe /args=”/noshadow” ..

MbUnit
Assembly
Microsoft.Moles.MbUnit.dll
MbUnit Version
2.4.2.355 (for other MbUnit versions, recompile the attribute from sources)
Example Usage
using MbUnit.Framework;
using Microsoft.Moles.Framework.MbUnit;
[TestFixture]
public class MbUnitTest
{
    [Test]
    [Moled] //takes care of the mole context
    //it also works at the class level!
    public void TestWithMoles()
    {
        ...
    }

    // alternative not using [Moled]
    [Test]
    public void TestWithMoles() {
        using(MolesContext()) { // clears moles leaving context
            ...
        } 
    }
}

[bookmark: _Toc262659334]Example: Testing Asp.NET Web Applications
The following example shows how mole types are used to set up the return value of the HttpContext.Current.Request.IsUserAuthenticated method to true:
MHttpContext.CurrentGet = () => new MHttpContext {
  RequestGet = () => new MHttpRequest {
      IsUserAuthenticatedGet = () => true
  }
};
...
if(HttpContext.Current.Request.IsUserAuthenticated)
    Console.WriteLine("ok!");

Mole types and stub types can be used in combination. In the follow method, we access the User property of the operation context that returns an interface, IPrincipal.
We can use mole types for User and stub types for IPrincipal:
MHttpContext.CurrentGet = () => new MHttpContext {
  UserGet = () => new SIPrincipal {
      IsInRoleString = (role) => role == “admin”
  }
};
...
if(HttpContext.Current.User.IsInRole(“admin”))
    Console.WriteLine("ok!");
Example: Testing Windows Communication Foundation
The following example shows how mole types are used to set up the return value of the OperationContext.Current.HasSupportingTokens method to true:
MOperationContext.CurrentGet = () => new MOperationContext
{
    HasSupportingTokensGet = () => true
};
...
if(OperationContext.Current.HasSupportingTokens)
    Console.WriteLine("ok!");

Mole types and stub types can be used in combination. In the follow method, we access the Channel property of the operation context that returns an interface, IContextChannel.
We can use mole types for Channel and stub types for IContextChannel:
MOperationContext.CurrentGet = () => new MOperationContext {
    ChannelGet = () => new SIContextChannel {
        StateGet = () => CommunicationState.Created
    }
};
...
if (OperationContext.Current.Channel.State = 
        CommunicationState.Created)
    Console.WriteLine("ok!");
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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
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[bookmark: _Toc262659336]Appendix B: Mole Type and Stub Type Naming Conventions
This appendix describes the naming conventions applied for mole types and stub types.
[bookmark: _Toc254018576]Mole Type and Stub Type Naming Conventions
Namespace
.Moles suffix is added to the namespace.
Example: System.Moles namespace contains the mole types of System namespace.
Global.Moles contains the mole type of the empty namespace.
Type Names
M prefix is added to the type name to build the mole type name. 
Example: MExample is the mole type of the Example type.
S prefix is added to the type name to build the stub type name. 
Example: SIExample is the stub type of the IExample type.
Type Arguments and Nested Type Structures
Generic type arguments are copied.
Nested type structure is copied for mole types.
[bookmark: _Toc254018577]Mole Delegate Property or Stub Delegate Field Naming Conventions
Basic rules for field naming, starting from an empty name: 
The method name is appended. 
If the method name is an explicit interface implementation, the dots are removed. 
Special method names such as property getter or setters are treated as described in the following table.
	If method is…
	Example
	Method name appended

	A constructor
	.ctor
	Constructor

	An accessor with method name composed of two parts separated by “_” (such as property getters)
	kind_name 
(common case, but not enforced by ECMA)
	NameKind, where both parts have been capitalized and swapped

	For example:
	Getter of property P
	PGet

	
	Setter of property P
	PSet 

	
	Event adder
	Add

	
	Event remover
	Remove 

	An operator composed of two parts 
	op_name
	NameOp

	For example: + operator
	op_Add 
	AddOp


Notes:
Getters and setters of indexer are treated similarly to the property. The default name for an indexer is Item.
Parameter type names are transformed and concatenated.
Return type is ignored.
Static constructors are not supported in this release.
[bookmark: _Toc254018578]Parameter Type Naming Conventions
	Given
	Appended string is…

	A type T
	T
The namespace, nested structure, and generic tics are dropped.

	An out parameter out T
	TOut

	A ref parameter  ref T
	TRef

	An array type T[]
	TArray

	A multi-dimensional array type T[ , , ]
	T3

	A pointer type T*
	TPtr

	A generic type T<R1, …>
	TOfR1

	A generic type argument !0 of type C<T>
	T

	A generic method argument !!0 of method M<M>
	M

	A nested type N.T
	N is appended, then T



[bookmark: _Toc254018579]Recursive Rules
All the rules in this appendix are applied recursively:
C# conformance transformations.
Any character that would produce an invalid C# is escaped to “_” (underscore).
If a resulting name clashes with any member of the declaring type, a numbering scheme is used by appending a two-digit counter, starting at 01. 
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