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the basics



intro

Åwhy reflection

– explore assembly metadata

– creating objects dynamically

– invoking methods dynamically

– write “generic” code that works with different types

– implement sophisticated programming techniques

Åthe CLR uses reflection heavily

– garbage collection, serialization, remoting, ...



the basics



the Reflection hierarchy



common features

Åreflection-related classes

– have no constructors

– can be obtained by enumerating members of 

parent object

– are immutable (readonly properties only)

– are unique at the AppDomain-level

– the only exception: AssemblyName



the System.Type

Årepresents a managed type

– class, structure, enum, VB module, etc.

Åretrieving a Type object

– Visual Basic operator: GetType(Integer)

– C# operator:  typeof(int)

– Object.GetType method:    obj.GetType()

– by enumerating all types in an assembly



enumerating members

Dim asm As Assembly = GetType(String).Assembly

For Each type As Type In asm.GetTypes()

For Each mi As MemberInfo In type.GetMembers()

If TypeOf mi Is FieldInfo Then

...

ElseIf TypeOf mi Is MethodBase Then

Dim met As MethodBase = CType(mi, MethodBase) 

For Each par As ParameterInfo In _

met.GetParameters()

...

Next

End If

Next

Next   



a few quirks

Åno immediate way to extract scope, 

returned type, flags, etc.

– cast MemberInfo to specific xxxInfo 

• FieldInfo.FieldType, MethodInfo.ReturnType

• FieldInfo.IsStatic, MethodInfo.IsStatic

Åa bit more difficult with properties

method = propInfo.GetGetMethod(True)

Åenumerations include òspecialó members

– filter out with xxxInfo.IsSpecialName property



a few quirks

Ådealing with events

method = evInfo.GetAddMethod()

evInfo.EventHandlerType.GetMethod(“Invoke”)

Ådealing with generics

– List<T> (unbound):  type.IsGenericTypeDefinition

– List<string> (bound):   type.IsGenericType

– type arguments:  type.GetGenericArguments()

– Type.Name includes inverse quote char:

System.Collections.Generic.List`1



reflection at runtime

Åread/write a field

value = fieldInfo.GetValue(obj)

fieldInfo.SetValue(obj, value)

Åread/write a property

Dim args() As Object = { first, second, third}

value = propInfo.GetValue(obj, args)

propInfo.SetValue(obj, args, value)

Åinvoke a method

Dim args() As Object = { first, second, third}

value = methodInfo.Invoke(obj, args)



reflection at runtime

Åtrue òlate-bindingó is slower than using 

xxxInfo objects

Dim typeName As String = “CodeArchitects.Widgets”

Dim type As Type = assembly.GetType(typeName)

Dim args() As Object = Nothing

Dim obj As Object = type.InvokeMember(Nothing, 

BindingFlags.CreateInstance, Nothing, Nothing, 

args)

args = { first, second }

value = type.InvokeMember(“GetSomething”, 

BindingFlags.InvokeMethod, Nothing, obj, args)



reflection at rutime

Åperformance tips

– use GetXxxxx (singular) if possible

– don„t use BindingFlags.IgnoreCase

– use BindingFlags.ExactBinding

– use handles to prevent from GCs

RuntimeTypeHandle hType = type.TypeHandle;

RuntimeMethodHandle hMethod = 
type.GetMethod("SendEmail").MethodHandle;

...

Type ty = Type.GetTypeFromHandle(hType);

MethodBase mb = 
MethodBase.GetMethodFromHandle(hMethod, hType);



reflection at runtime

Åthe System.Diagnostics.StackTrace class

– conditional breakpoints

– recursion detection

public static bool IsRecursiveMethodCall()     {

StackTrace st = new StackTrace(1);    // skip current method

MethodBase method = st.GetFrame(0).GetMethod();

for ( int i = 1; i < st.FrameCount - 1; i++ )      {

if ( st.GetFrame(i).GetMethod() == method )

return true;

}

return false;

}



code samples



sample #1

Åuniversal comparer

– provides ability to sort objects on any number of 

fields and properties

– uses reflection to author highly-reusable code



sample #2

Åcovariance and contravariance in .NET 2.0

– delegate object GetControlData(TextBox ctrl)

– covariance: delegates can point to methods that 

return objects that derive from return value

e.g. string GetControlData(TextBox ctrl)

– contravariance: delegates can point to methods 

that take arguments that are base classes

e.g. object GetControlData(Control ctrl)



sample #2

Åcovariance and contravariance requires 

reflection in VB2005

– but it might be necessary in C# too

ô the target method

Dim met As MethodInfo = Me.GetType().GetMethod(òhandleró)

ô create the delegate via reflection

Dim deleg As [Delegate] = [Delegate].CreateDelegate( _

evInfo.EventHandlerType, Me, met)

ô use reflection to register the event

evInfo.AddEventHandler(ctrl, deleg)



sample #2

Åthe EventInterceptor class

– uses contravariance to centralize all event 

handlers in a void(object, EventArgs) method

– great for debugging



sample #3

Åaction scheduler

– create and execute a series of actions (=method 

calls)

– with undo support



custom attributes



definition

Åcustom attributes

– classes that inherit from System.Attribute

– provide a standard mechanism for storing 

metadata in a .NET assembly

– promote declarative-style programming

– need an “agent” that recognizes and processes 

them



guidelines

Åan attribute class

– inherits from System.Attribute

– has a name that ends with “Attribute”

– has only properties and fields, no methods/events

– properties set via the constructor are read-only

– properties not set via the constructor are writable

– members are restricted to: number (no Decimal), 

string, enu, object, Type, 

Åflag with an AttributeUsage attribute

– the AllowMultiple and Inherited values



an example

[AttributeUsage(AttributeTargets.Class, AllowMultiple=true)]

public class RuleAttribute : Attribute

{

public RuleAttribute(string category)

{ }

private readonly string m_Category;

public string Category

{ 

get { return m_Category; }

}

private string m_Pattern;

public string Pattern

{

get { return m_Pattern; }

set { m_Pattern = value; }

}

}



discovering attributes

Åthe IsDefined method (faster!)

– member.IsDefined(attrType, inherit)

– Attribute.IsDefined(member, attrType, inherit)

Åthe GetCustomAttributes method

– member.GetCustomAttributes(attrType, inherit)

– Attribute.GetCustomAttributes(member, attrType, 

inherit)

Åthe GetCustomAttribute method

– Attribute.GetCustomAttribute(member, attrType, 

inherit)



the CustomAttributeData class

Dim attrList As IList(Of RuleAttribute) 

attrList = CustomAttributeData.GetCustomAttribute(member)

For Each data As CustomAttributeData in attrList

ô this is the type of the attribute

Dim attrType As Type = data.Constructor.DeclaringType

For Each arg As CustomAttributeTypedArgument In _

data.ConstructorArguments

Console.Write(ò{0} ({1})ó, arg.Value, arg.ArgumentType)

Next 

For Each arg As CustomAttributeNamedArgument In _

data.NamedArguments

Console.Write(ò{0}:={1} ({2})ò, arg.MemberInfo.Name, _

arg.TypedValue.Value, arg.TypedValue.ArgumentType)

Next

Next



sample #4

Åattribute for CSV serialization

– similar to Xml serialization

– reads/writes Comma-Separated Value text files

– builds regex behind the scenes



sample #5

Åa benchmark toolbench

– similar to unit testing, but compares execution 

times

– based on the Benchmark custom attribute

• apply to static methods with zero arguments



sample #6

Åthe ReflectionUtils helper class

– “flattens” reflection hierarchy and API

– GetName(), GetScope(), IsStatic(), IsAbstract() ...

– uses enum values

• GetKind() returns ObjectKinds

• GetScope() returns ObjectScopes

• GetFlags() returns ObjectFlags

– makes discovery easier

• enumeration methods can filter results



sample #7

Åthe CodeAnalyzer tool

– similar to FxCop, but rules are much simpler to 

write

– based on ReflectionUtils library

– provided as a DLL

• change the UI as you see fit
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