Attributes
· Used everywhere in the .NET framework

· Lets you extend the metadata associated with an assembly, class, method, or property

· “Reflection” is used to retrieve this metadata

· You can create your own attribute by creating a class that inherits from System.Attribute

· Attributes and .NET classes -- their names end in “Attribute”.  While they are .NET classes, with properties and methods, you can’t reference them in your code.

· Attributes typically only have a constructor method.

· The constructor can have zero or more arguments

· The constructor can have optional named arguments, of the form:  name:=value

· Attributes are referenced just before a class or method, between square brackets […] for C# or angle brackets <…> for VB

· You can have multiple attributes within the brackets, separated by a comma.  Or, you can have separate attribute definitions.

· Most attributes are closely related to features of the .NET runtime.

· In the IDE, put cursor on the first line of a class definition and press <F4> to see the attributes.

· Assembly level attributes start with [Assembly: ...]

· Conditional attributes on methods can:  (1) exclude this method when called if the compiler directive is turned off and (2) you can have multiple conditional definitions on one attribute call.

· Attributes extend the capabilities of the C# language, are annotations your program can store & use, and are an extended way to document your code.

· There are lots of predefined attributes.

· You can create your own custom attributes.

Delegates
· A “delegate” is the same thing as a function pointer or “callback function”, except it is type safe.

· The method being pointed to may only be know at runtime, not compile time.

· A delegate is a special type of object; it contains no data, just the details of a method.

Step 1.  Define the delegate



delegate int MyDelegate(int x);

· In this definition you give it a name “MyDelegate” and say that the method it will refer to can take one argument of the int type.  The method will return an integer.  I.e., the delegate specifies the signature of the method it refers to.

· You can define a delegate in the same place you define classes.

· Defining a delegate is basically defining a new class.

· You can precede the definition with “private” or “public”.

Step 2:  Create an instance of the delegate and assign a method to it:


MyDelegate del = new MyDelegate(MyMethod);




To add another method to the delegate (which won’t work in this example):



del += new MyDelegate(MyOtherMethod);

Step 3:  Create the method referred to when the delegate was instantiated.



void MyMethod (int x)



{return x*x;}

Step 4:  Call the delegate like you would call the method it refers to.  In this case, the delegate returns a the square of x to y.  


y = del(x);

· Delegate type declarations don’t have to be inside a class

· The list of methods in a delegate is called an invocation list.

· You can combine delegates by using the “+” operator.  This adds a method to the invocation list.

· You can call a method via a delegate.  Then, you can reassign the delegate to refer to a different method.

· You can also assign multiple methods to one delegate.  When you call the delegate all the methods are executed, but not in any specified order.

· Multi-method delegates shouldn’t have a return value, since you couldn’t know which method of the set would return a value for the single call of the delegate.

Events

· Delegates are used to “wire up” events to methods.

· Event delegates do not have return values.

· The sender of an event doesn’t know who the receiver of the event will be

· But, the sender does define the delegate used by the receiver

· For instance, EventHandler is the delegate use by most event receivers to specify what method will be executed when the Click event is sent from a button click.

· The EventHandler delegate is predefined in the .NET framework

· It always returns void

· It has two parameters

· Sender – an object type

· E – an EventArgs type

· Naming convention for the methods that handle an event is: object_event (e.g., btnOne_Click)

· The event publisher provides the event declaration and the code which raises the event.

To define your own event and delegate and programmatically raise the event, follow these 5 steps:

Step 1:  Declare the delegate that will be used by the event.  (If you use EventHandler you don’t have to do this step.)
public delegate void ActionEventHandler (object sender, ActionCancelEventArgs e);

Step 2:  Declare and name the event and the delegate that handles it – Here the event name is “Action” and its delegate is “ActionEventHandler”.  In other words, name the event and specify which delegate will be used by the event.  This has to be in a class, but may not in a method.  It is a “member”, not a “type”.

public static event ActionEventHandler Action;

Since we are not using the predefined EventArgs class but are creating a class based on it, we also have to create a new class “ActionCancelEventArgs” that inherits from “CancelEventArgs”.
Step 3:  Register the event – This instantiates the delegate object with the name used in the event definition (Step 2) and specifies by name the method to be called by it.  This object is added to the event (it is a class member).  In other words, you add an event handler to the event and name the method that is to be invoked when it is raised.


btnOne.Click += new ActionEventHandler(Button_Click);

Step 4:  Create the method(s) named by the event handler object in the event registration step (Step 3).  (If you double click on a button control in the code window the method is created for you, without any code in it.)

void Button_Click()
{

}

Step 5:  In the event handler method, raise the event which will in turn call the method(s) it has registered to it.  It is called like it was a method.  (Since this is built into the Button control, you don’t have to create any code in that case)
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