CS193N HO# 12 Generics, Delegates,

Events, Graphics

Topics for today

* More on generics

class Stack<T>

private T[] _itemsArray;
private int _index = 0;

public void Push(T item { ... }
public T Pop()
{
_index--;
if (_index >= 0)
{
return _itensArray[_index];
el se
{
_index = 0;
return ???? //\Wat if we want to return the default value
}

« Delegates
« Events
« Graphics
class Stack<T>
{
private T[] _itensArray;
private int _index = 0;
public void Push(T item) { ... }
public T Pop()
{
_index--;

if (_index >= 0)

return _itensArray[_index];

}
el se
{
_index = 0;
return defaul t(T);
}
¥ Returns null for reference types, and
} a "zero whitewash" for value types

Generics and Inheritance

public class BaseCl ass<T>

Generics and Inheritance

public class BaseC ass<T>

public class Subd ass : BaseCd ass<int>

.}

public class Subd ass<T> : BaseCl ass<T>

(.

Generic

{...
public class Subd ass : Based ass<int>
{1}
Non-generic
Generics and Inheritance
public class BaseCl ass<T>
public virtual T SomeMethod() Virtual methods
{...} are OK.
}
public class Subd ass: BaseC ass<int>
{ )
public override int SomeMethod() The non-generic
subclass fills in
} the type.
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Generic Methods

public class WO ass

public void M/Met hod<T>(T t)
{..-}
}
This allows us to call the method
with different types.

M/ O ass nt = new Myd ass();
nc. MyMet hod<i nt >(3) ;

mc. MyMet hod("hi ") ; Here the compiler infers the type.

Generic Static Methods

public class MWyd ass
public static void Swap<T>(ref T iteml, ref T itenR)

T tenp = itent;
iteml = iteng;
iten2 = tenp;
}
}

int n1 =1, n2 =2
M/ d ass. Swap<i nt>(ref nl, ref n2);

decinmal dl1 = 0, d2 = 5.678;
Wd ass. Swap<deci mal >(ref di1, ref d2);

string s1 = "Bob", s2 = "Hector";
MW d ass. Swap(ref si1, ref s2);

In the last example we are letting the compiler infer the type.
Note that we can also have generic instance methods.

Why won't this work?

public class Cal cul ator<T>

{
public T Add(T argl, T arg2)
{

return argl + arg2; //Does not conpile

}
/1 Rest of the nethods

The compiler can't be sure that + will be defined for every possible
type that you might use in place of T.

There is no constraint that says "T supports +".

Delegates

- Simplest description: type-safe function
pointers

+ Declaring a delegate defines a class that
derives from System.MulticastDelegate, which
derives from System.Delegate

Delegates

+  Delegates maintain a list of methods to be
called when the delegate is invoked.

+ To insure type safety, the signature (return
type and arguments) of acceptable callback
methods is specified when the delegate class
is defined.

+  We instantiate a delegate by "wrapping" the
callback method.

+  We can add methods to the callback chain or
remove methods from the chain.

del egate int MathQp(int x, int y); //Declare del egate type|

class Oassl

{

static void Main(string[] args)

{
MathOp f1 = new MathQp(d assl.Add); //Instantiate
MathOp f2 = new MathOp(C assl.Milt); // del egates

Consol e. Wi teLi ne(DoSoneMat h(f1, 2, 3));
Consol e. Wi teLi ne(DoSoneMat h(f2, 2, 3));
}

public static int DoSomeMath(MathOp fn, int x, int y)
{

return fn(x, y); I/l nvoke the del egate

}
public static int Add(int a, int b)
{

return a + b;

}
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del egate int MathOp(int x, int y); //Declare del egate type|
class Oassl
{
B Ut arma s aad et sngy $iabast Piamrar DenkipS 1IN 5. | static void Main(string[] args)
P6r=s= any key to continue 1 { MathOp f1 = null;
MathOp f2 = null;
f1 += O assl. Add;
f2 += dassl. Ml t;
- ) 2 Consol e. WiteLi ne(DoSomeMat h(f1, 2, 3));
Consol e. Wi teLi ne(DoSoneMat h(f2, 2, 3));
}
public static int DoSomeMath(MathOp fn, int x, int y)
{
return fn(x, y); /1l nvoke the del egate
}
del egate int MathQp(int x, int y); //Declare del egate type| del egate int MathQp(int x, int y); //Declare delegate type|
class Oassl class Oassl

static void Main(string[] args) static void Main(string[] args)

{ { Only the last result
MathQp f1 = dassl. Add; MathOp f1 = null; would be written to
MathOp f2 = Cassl. Milt; the console, so normally

we only add multiple
f1 += d assl. Add; methods if the return
f1 += dassl. Milt; type is void.
Consol e. Wi teLi ne(DoSoneMat h(f1, 2, 3)); Consol e. Wi teLi ne(DoSoneMat h(f1, 2, 3));
Consol e. Wi teLi ne(DoSoneMat h(f2, 2, 3));

} }

public static int DoSomeMath(MathOp fn, int x, int y) public static int DoSomeMath(MathOp fn, int x, int y)

{ {
return fn(x, y); /Il nvoke the del egate return fn(x, y); /'l nvoke the del egate

} }

cl ass Derod ass del egate voi d DemoOp(); //Declare del egate type
private string _nane; static void Min(string[] args)

private int _nunber; {

/I Create sonme objects

public Denmpd ass(string str, int Xx) DenoCl ass dcl = new Denpd ass("Deno 1", 1);

{ DenoCl ass dc2 = new Dennd ass("Deno 2", 2);

_hane = str;
_nunber = x; /1 Decl are an enpty del egate

} DenoOp denoDel = null;

public void ShowMwyNane() //Add a nethod to Iist

{ denoDel += dcl. ShowNunber ;

Consol e. WiteLine("My nane is " + this._nane);

} /1 Add anot her one

denoDel += dc2. ShowwNane;

public void ShowwNunber ()

{ I/l nvoke the del egate
Consol e. WiteLine("My nunber is " + this._nunber); deroDel ();

} }

}
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My number i3 1
My name is Demo

T L T——e—— =]

|
2
Press any key to continue.
|

cl ass Denpd ass

{
private string _nane;
private int _nunber;

public Denpd ass(string st
{

_hane = str;

_nunber = x;

}

public void ShowvyNane()
{

}

public void ShowvyNunber ()
{

}

Consol e. WiteLine("My nanme is "

Consol e. WiteLine("M/ nunber is "

r, int x)

What is "this" when the
method is called via a
delegate?

+ this._nane);

+ this._nunber);

del egate voi d DemoQp();

{

DenpC ass dcl
DenpCl ass dc2

new Denod
new Denpd

DemoOp denpDel = null;

denoDel +h0\AM/Narre;

denoDel ();

denoDel +hOV\M/N.Jrrber;

/1 Decl are del egate type

static void Main(string[] args)

// Create sone objects
ass("Denp 1", 1);
ass("Denmp 2", 2);

/1 Declare an enpty del egate
/1 Add a method to |ist

/1 Add anot her one

I/l nvoke the del egate

del egate voi d DenoQp();

// Decl are del egate type

static void Main(string[] args)

DenoCl ass dcl
DenoCl ass dc2

new Denod
new Denod

DenmoOp denoDel = null;

|/ Create sonme objects
ass("Demo 1", 1);
ass("Denp 2", 2);

/1 Declare an enpty del egate

/1 Add a method to |ist

denoDel += dcl. ShowNunber ;

denoDel += dc2. ShowNane;

/1 Add anot her one

I/l nvoke the del egate

denoDel

Delegates: Behind the Scenes

_target

dcl

_nmet hodPt r

ShowWy Nunber

_invocationList | null

denoDel ();
/I Renobve a nethod fromlist
denoDel -= dcl. ShowNunber ;
denoDel ();
}
Delegates: Behind the Scenes
deroDel
_target
_methodPtr 0 1
_invocati onLi st
_target dcl
_nethodPtr ShowMy Nurber
_invocationList | null /
_target dc2
_met hodPt r Showw Nane
_invocationList | null
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Using Anonymous Methods with Delegates

For simple tasks like adding two integers, there is no need to define
a named method like Add. We can use a delegate to call an "anonymous"
method that we define with inline code.

delegate int MathOp(int x, int y); What if one of the methods attached to a
. . delegate throws an exception?
MathQp f3 = delegate(int a, int b) { return a + b; };

Consol e. Wi teLi ne(DoSoneMat h(f3, 2, 3)); Visual Studio demo
MathQp f4 = delegate(int a, int b) {

int t =a;
if (b>a)t =bh

return t;

I
Consol e. Wi teLi ne(DoSoneMat h(f4, 2, 3));

The Microsoft NET Event Model

- Events provide a way for one object to
notify another object that something has
happened

What does an anonymous method have access to?

Visual Studio demo

+  Events use the delegate mechanism for
invoking callback functions

+ Visual Studio simplifies the use of events
with GUI elements

Events and Delegates Events and Delegates

Event-Consuming Object

Event-Consuming Object
Event-Generating Object

Event-Generating Object

Event Handler Sender Event Handler
R St e[
Event PR Event
v~ ~ Event-Consuming Object Event-Consuming Object
~
~ N Event Handler Sender Event Handler

S |:| When the event is fired, EventArgs TN |:|

the handlers are called

These objects register their
handlers for the event
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ublic class InfoEventArgs : EventArgs
Events and Delegates P ( 9 9
private DateTi ne date;
Class1 public InfoEvent Args(DateTi me date)
InfoProvider { .
Sender ETi ) this.date = date;
InfoEventArgs | |:|
InfoEvent public DateTime Date
{
get {return date;}
Start() 1. Define the event argument class } }
2. Define the event.
3. Write the event handler (callback function).
4. Subscribe to the event.
5. Fire the event when appropriate.
public class InfoProvider public void Gotlnfo(Cbject sender, InfoEventArgs e)
{ {
text Box1. Text = e.Date. ToString();
public event EventHandl er <l nfoEvent Args> | nfoEvent; }

public I nfoProvider()

{ static void Main()
}
I nfoProvider ip = new | nfoProvider();
public void Start()
{ i p. I nfoEvent += Gotlnfo;
} S ip start():
} This is a predefined delegate for }

event handler methods. Its definition is:

public delegate void EventHandler<TEventArgs> (object sender, TEventArgs e)
where TEventArgs : EventArgs;

class I nfoProvider
{
public event EventHandl er<I nf oEvent Args> | nf oEvent; Events and De’IeQGTeS
public void Start()
{
do the follow ng every second for 5 seconds Class1
{ InfoProvider
Dat eTi me date = DateTi me. Now, Sender GotInfo
I nf oEvent Args args = new | nfoEvent Args(date); InfoEventArgs
Havel nfo(args); — |:|
} InfoEvent
}
protected void Havel nfo(lnfoEventArgs args)
Start() 1. Define the event argument class
if (InfoEvent !'= null) 2. Define the event.
I nfoEvent (this, args); 3. Write the event handler (callback function).
} 4. Subscribe to the event.
} 5. Fire the event when appropriate.
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Graphics

GDI+ is the NET Framework class library for graphical programming.

It provides:
+Drawing surfaces—windows, bitmaps, printers
*Tools for 2-D drawing—shapes, polygons, curves, brushes, pens
+Text-drawing features

+Image and bitmap support—read, draw onto any surface,
draw into image

+Print and print preview

+Ability to work with any kind of NET application—
WinForm or WebForm

Graphics
In order to draw on a surface, we need an object of
type Gr aphi cs associated with the surface.
The G aphi cs object:
+ "Encapsulates” the surface
* Provides the "device context" for the surface
* Preserves graphics state for the surface

* Provides methods for 2D drawing

Some methods of the Gr aphi cs object:

*To draw on a surface, we need the Graphics object
for the surface.

-6raphics are not persistent, so we need to redraw
the image if the surface becomes invalid.

*To redraw our picture, we can handle the Paint event
of the form, OR

*To redraw our picture, we can override the virtual
function OnPaint, which Form inherits from Control

*A collection class may be needed to store items that
need to be redrawn.

C ear Dr awPol ygon

Dr awAr ¢ Dr awRect angl e

Dr awBezi er DrawString

Dr awCur ve Fi || O osedCurve

Dr awEl i pse Fill Elipse

Dr awi con Fill Path

Dr awi nage FillPie

Dr awLi ne Fi I'l Pol ygon

Dr awPat h Fi || Rect angl e

Dr awPi e Fi I | Regi on
Graphics

If your form contains controls such as buttons, textboxes, and labels:

et | The controls are redrawn
automatically when the form
receives a Paint event.

Inyour Blackjack program,
you are only responsible for
1 drawing the hands.

Graphics
In the examples shown in class, there were two ways to get the
form repainted:
+ Write a handler for the Paint event and register for the event

+ Override the OnPaint method that is inherited from the class Control

The second approach is suggested by many authors, but either will work.

7/9/07



CS193N HO# 12 Generics, Delegates,
Events, Graphics

Graphics
In the examples shown in class, there were two ways to get the
form repainted:
+ Write a handler for the Paint event and register for the event
+ Override the OnPaint method that is inherited from the class Control

The second approach is suggested by many authors, but either will work.
Note that your code should do this:

protected override void OnPaint(Pai nt Event Args e)

base. OnPai nt (e);

} \ This guarantees that any registered

delegates receive the event.

Graphics

Question: what do you do when you need to redraw the screen?

Answer: force a Paint event.

I nval i date();
Update();

Causes an i medi ate
call to OnPaint.

Graphics

To read a bitmap from a file, use the static method
Fronfi | e of the I mage class:

I mge nylmage = | nage. FronFil e(fil enane);

Graphics

To read a bitmap from a file, use the static method
FronFi | e of the | nage class:

I mage nylmage = I nage. FronFil e(fil enane);

string

Graphics

To read a bitmap from a file, use the static method
FronFi | e of the I mage class:

I mge nylmage = | nage. FronFil e(fil enane);

If you have a Graphi cs object g, you can draw the
image at location x, y with:

g. Drawl mage(nyl mage, x, Vy);

How do you get a G- aphi cs object?

+ When you override the OnPai nt method or install
a handler for the Pai nt event, you will receive a
Pai nt Event Ar gs object that has a G aphi cs property.

* To paint on a form (or control) at other times, you can
call the form's Cr eat eG aphi ¢s method. You should call
Di spose on G aphi cs objects that you create.

+ To draw on a bitmap in memory, you can obtain a G- aphi cs
object from the static method Gr aphi cs. Fronl mage.
When you are done, you would call Di spose. To display
the bitmap on a surface, you then use the G- aphi cs object
for the surface.
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