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Overview

= Delegates
= Events
= GUI
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Delegate ©

= A delegate is a type-safe object that points to another
(or possibly multiply methods) in the application, which
can be invoked at a late time.

= A delegate type maintains three pieces of information:
> The name of the method which it makes calls
> The argument (if any) of this method
> The return value (if any) of this method
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Defining a delegate in C# ©

= A delegate type should be defined to match the
signature of the method it points to.

public delegate int BinaryOp (int X, int y);

= A C# delegate definition results in a sealed class with
three compiler-generated methods whose parameter and
return types are based on the delegate’s declaration.

//pseudo-code behind
public sealed class DelegateName : System.MulticastDelegate
{
public DelegateName (object target, uint functionAddress);
public delegateReturnValue Invoke (allDelegatelnputParams);
public IAsyncResult Begininvoke (allDelegatelnputRefOutParams,
AsynCallback cb, object state);
public delegateReturnValue Endinvoke (allDelegateRefOutParams,
|AsyncResult result);
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Invoke a delegate

public delegate int BinaryOp (int X, int y);
public class SimpleMath

{
public static int Add (int x, int y)
{return x+y;}
public int Subtract (int x, int y)
{return x —vy;}

}

static void Main ()

{

Int result;
BinaryOp b = new BinaryOp(SimpleMath.Add);
result = b(10, 10);

}
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Investigate a delegate object ©

() ICloneahble /I\/Ietho \
ISerializable Target
o = GetlnvocationList
. Defegalte ¥ | i
. Abstract Class Combine
. r Remove
T RemoveAll /

| AMufticastDelegate (¥ |
. Abstract Class :
- * Delegate

Iﬂ_ H
 BinaryOP (¥
Delegate
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Event ©

= Events provide a way for a class or object to notify other
classes or objects when something of interest happens.

* The class that sends (or raises) the event is called the
publisher and the classes that receive (or Aand/e) the
event are called subscribers.
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Properties of events

)

The publisher determines when an event is raised; the subscribers
determine what action is taken in response to the event.

An event can have multiple subscribers. A subscriber can handle
multiple events from multiple publishers.

Events that have no subscribers are never called.

Events are commonly used to signal user actions such as button
clicks or menu selections in graphical user interfaces.

When an event has multiple subscribers, the event handlers are
invoked synchronously when an event is raised.

Events can be used to synchronize threads.

In the NET Framework class library, events are based on the
EventHandler delegate and the EventArgs base class.
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Defining a event ©

1. Define a delegate that points o the method to be called
when the event is fired

public delegate void CarEventHandler(string msg):

2. Declare events in terms of the related delegate

public event CarEventHandler Exploded;
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Send event ©

Call the method (event handler) pointed by the event.

public void SpeedUp (int delta)
{

/I If the car is dead, fire Exploded event.
If (carlsDead)

{
If (Exploded != null)

Exploded("Sorry, this car is dead...");
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Register event handler ©

Car.CarEventHandler d = new Car.CarEventHandler(CarExploded);
cl.Exploded +=d,

public static void CarExploded (string msg)
{ Console.WriteLine(msg); }
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Building a Main Window ©

= Derive a new class from System.Windows.Forms.Form

= Configure your application's Main() method to invoke
Application.Run(), passing an instrance of your Form-
derived type as an argument
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Event-driven applications ©

= Tdeais very simple:
» individual user actions are translated into “"events”

> events are passed, one by one, to application for
processing

K-

> this is how most GUIs are programmed...
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GUIl-based events

)

= Mouse move

= Mouse click

= Mouse double-click
= Key press

= Button click

= Menu selection

= Change in focus

= Window activation
= etc.
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Code-behind

= Events are handled by methods that live behind visual

interface

» known as "code-behind"
> our job is to program these methods...

™ Form1
Number 1: |1|;j
Number 2: |2|;j

|¢'3 Calculator.Form1

j |-"="i’ buttoni_Click(object sender,System.Event j

TR
rY

static wvoid Main() [:]
private void buttonl Click(object sender, System.EventArgs e)

int i, j, k:

i = System.Convert.ToInt32( this.textBoxl.Text };
J = System.Convert.ToInt32( this.textBox2.Text );
k=1+ 3;

System.Windows.Forms.MessageBox.Show ("Sum = " + k);

C# programming lecture 5: Delegates, Events and GUI 15



Call-backs ©

= Events are a call from object back to us...
= How is connection made?
> setup by code auto-generated by Visual Studio

BlG |

> |:+:|| |t'-.*'_r_ci-:-'.-:5 Form Desigher geherated :-:-cie|

static void Main () El J

[T] private void buttonl Click(object sender, System.EventArgs e)

{ -
«| | f
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Example: a windowing application ©

= GUT apps are based on the notion of forms and controls...
> a form represents a window
> a form contains O or more controls
> a control intferacts with the user

= Let's create a GUI app in a series of steps...
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Step 1

= Create a new project of type "Windows Application”
> a form will be created for you automatically...

New Project %

Project Types: Templates: &
| 1 Visual Basic Projects T B B = 8
4 Visual C# Projects iﬂ & ) 3
Windows Class Library Windows Control
01 Visual 1# Projects tion Libra
1 Visual C++ Projects St i
01 Setup and Deployment Projects -
L ey Progacs D b &l
2 Visual Studio Solutions ASP.NET Web ASP.NET Web Web Control
Application Service Library
o & 4
Fancala Wiimdsse Canira Ermmiy Dentart *
A project for creating an application with a Windows user interface
o =
Location: =| Browse...
Project will be created at D:\Code\WindowsApplicationl.
e [ oo | v

22 WindowsApplicationl - Microsoft Visual C# .NET [design] - Forml.cs [D... E|[EX]
File Edit View Project Build Debug Data Tools Window Help

A-m-eldd ¥ @

o

Object Browser | Start Page Forml.cs [D&Gign]|

» Debug v .

Sl Solution Explorer - Wind... & X

EHE[E g B

X000 3%/

{u {u]
SFormi . |-o)x)

< Solution 'WindowsApplication1’ (
- E WindowsApplication1
«- ‘=l References
App.ico
1 AssemblyInfo.cs

< |
Properties il
|Form1.cs File Properties

i [&][E]

L|X |=

Output

Build Action
Custom Tool
A X custom Tool N

Compile

Debug

Ready

o L

j File Name Formi.cs
Build Action
How the file related to the build

3 and deployment processes.
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Step 2 — GUI design ©

» Select desired controls from toolbox...
> hover mouse over toolbox to reveal o

Data |

> drag-and-drop onto form B

Windows Forms

Wi : Painter
> position and resize control A
A LinkLabel
ab| Button
| [abl TextBox
E MainMenu
¥ CheckBox
¥ RadioButton

% WindowsApplication1 - Microsoft Visual C# .NET [de-.yn] - Form1l.cs [D... [L|E]&]

gfhidow Help Y
= » U GroupBox
PictureBoy
ELRIEIG)
__________ = 4 Solution "WindowsApplicationl” (| D Pane'
..... - = F@windowsApplicationl .
5 o References 5] DataGrid
Pamears e : # App.ico
Soococaat Sooooaae : 9 AssemblyInfo.cs ListBox
B 4 3 E
.......... : = ;
238aRm00 23BaRTee : ZheckedListBox
.......... 5 < £
L et T x =8 ComboBox
Iaioonin B : Form1l.cs File Properti - A
l:.-;:'-'i;s opertes__ 5] 222 ListWiew
Bulld Action  Compile  ~|= [ )
Custom Tool J—I i3 Treetiew
Output 2 X custom Tool N '_
[Debug | File vame  Formics | TabContral
Build Action
How the file related to the bulld i i
‘ e E DakeTimePicker
Ready L T
zeneral |+
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GUI design cont’d... 0,

= A simple calculator:

— IButtunl System.'u'-.-'indu:uws.Fnrms.Buttu:urj

%= g=]

Size 80, 23 -
TabInde:x 2
TabStop True

add| |
Textalign MiddleCenter
Wisible True -

. POSiTion and Configur‘e CO”TPOIS I:::extn:n:nntainedinthecn:nntrn:nl.
> click to select
> set properties via Properties window

Properties 9 Crynamic Help |
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Step 3 — code design “

= “"Code behind" the form... s

T estBion]

= Double-click the control you want to program -,
> reveals coding window

I s

‘%Calculator.Forml j ‘é'r‘buttc-n 1_Click(object send?&em.ﬁ.‘ent j

=l

T static wvoid Main() [:]

= private voild buttonl Click(object sender, System.EventArgs e)
{

int i, j, k:

i = System.Convert.ToInt32( this.textBoxl.Text );

J = System.Convert.ToInt32( this.textBox2.Text ):
k=1+ 3;
System.Windows.Forms.MessageBox. Show ("sum = " + k);

- }

-}

}
N -
1| »
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Step 4 — run mode ©

= Runl

=10l Sum = 30

&dd
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Break mode?

Easily triggered in this application via invalid input...

ERCT (o) x

|1 0 /
ITE:-:tB o

Microsoft Development Environment

/AN

An unhandled exception of type 'System.FormatException' occurred in

mscorlib.dll

Additional information: Input string was not in a correct format.

Break

ontinue ‘ Help

AN

R

private void buttonl Click(object sender, System.EventArgs e)
{

int i, j, ks

i = System.Convert.ToInt32( this.textBoxl.Text ):

k=1+ 3;
System.Windows.Forms.MessageBox.Show ("Sum = " + k);
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WinForms ©

= Another name for traditional, Windows-like
GUI applications

> vs. WebForms, which are web-based

= Implemented using FCL (Framework Class Library)
> hence portable to any NET platform

&dd
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Abstraction

= FCL acts as a layer of abstraction
> separates WinForm app from underlying platform

~olx]

y
]
",
Y
.

b

instance of

»

object

FCL class

System.Windows.Forms.Form

l

CLR

l
| wnowos |
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Form properties ©

= Form properties typically control visual appearance:
> AutoScroll
> BackgroundImage
> ControlBox
> FormBorderStyle (sizable?)

» Icon
. Forml form;
» Location
form = new Forml () ;
. form.WindowState = FormWindowState.Maximized;
> SIZC form.Show () ;

> StartPosition
> Text (i.e. window's caption)
» WindowState (minimized, maximized, normal)
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-

Form methods

form.Hide () ;

= Actions you can perform on a form:

form.Show () ;

> Activate:give this form the focus

» Close: close & release associated resources

> Hide: hide, but retain resources to show form later
» Refresh: redraw

> Show: make form visible on the screen, & activate

> ShowDialog: show modally
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Properiies___2 x I @)

Form events [Form1. Systerm Windows Forms sall—
= Events you can respond to: (TR Form_Closing=|
> bring up properties window Cursorthengad. g
> double-click on event name Cosing
form, before the form has been ...
Load: occurs just before form is shown for first
Time
Closing: occurs as form is being closed (ability to
cancel)
Closed: occurs as form is definitely being closed
Resize: occurs after user resizes form
Click: occurs when user clicks on form's background

KeyPress:  occurs when form has focus & user presses
key
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Example

MyApp

P
‘\-.. ‘/

Do you really want to close?

Yes

No

private void Forml Closing(object sender,

{

DialogResult r;

n MYAPP n ’

if (r == DialogResult.No)
e.Cancel = true;

MessageBoxButtons.YesNo,
MessageBoxIcon.Question,
MessageBoxDefaultButton.Buttonl) ;

r = MessageBox.Show("Do you really want to close?",

System.ComponentModel.CancelEventArgs e)
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Controls 8 Form1 FEX O
/Numbert |1|;j —1—e
= User-interface objects on the form:* | number2 [
> labels I
 Add « o
> bUTTonS o
> text boxes
> menus

> list & combo boxes
> option buttons

» check boxes

> etc.
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Abstraction

“

= Like forms, controls are based on classes in the FCL:
= System.Windows.Forms.Label

= System.Windows.Forms.TextBox
= System.Windows.Forms.Button

= efc.

= Controls are instances of
these classes

I‘:I:umber 1: g e ._@
’Mumber 2: |2|:| ........ .. @—(
, object
el
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Who creates all these objects?

= Who is responsible for creating control instances?

> code is auto-generated by Visual Studio
> when form object is created, controls are then

created...
|¢'¥ Calculator.Form1 j "‘5“ j

protected override woid Dispose( bool disposing )l:l

> [+:|| |?-.T'_I:ci-:-'.-:s Form Designer generated :-:-cie|

static void Main () E

[—E private void buttonl Click(cbhject sender, System.EventArgs e)
{ -
| »
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Naming conventions ©

= Set control's name via Name property

= A common haming scheme is based on prefixes:
» cmdOK refers to a command button control
> IstNames refers to a list box control
» txtFirstName refers to a text box control
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Labels

= For static display of text

> used to label other things on the formpt
> used to display read-only results .~

= Interesting properties:
» Text: what user sees

> Font:

how he/she sees it

™ Form1 E| [E| fE

Number 1: |1[j|

'Mumber 2: |2|;]
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Command buttons ©

ﬂg Form1

" For the user fo click & performa task [ |
umber 1: 10
Number 2: |2[:|
= Interesting properties: —
> Text: what user sees Loaad
> Font: how he/she sees it
> Enabled: can it be clicked

= Interesting events:

> Click:

occurs when button is "pressed"
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Text boxes

= Most commonly used controll
> for displaying text
> for data entry

* Lots of interesting features...

™ Form1
Number 1: |10 —l—e
Number 2: |2|:| —a 0
............... —
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Text box properties ©

= Basic properties:
> Text:  denotes the entire contents of text box (a string)
» Modified: has text been modified by user? (True / False)
> ReadOnly: set if you want user to view text, but not modify

= Do you want multi-line text boxes?
> MultiLine: True allows multiple lines of text
> Lines: array of strings, one for each line in text box
> ScrollBars: none, horizontal, vertical, or both
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Text box events ©

= Interesting events:
> Enter, Leave: occurs on change in focus
> KeyPress: occurs on ascii keypress
> KeyDown, KeyUp:  occurs on any key combination
> TextChanged:occurs whenever text is modified

= Validating and Validated
> Validating gives you a chance to cancel on invalid input
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List Boxes

“

= Great for displaying / maintaining list of data
> list of strings
> list of objects (list box calls ToString() to
display)

Customer [] customers;

. // create & fill array with objects...

// display customers in list box
foreach (Customer ¢ in customers)
this.listBoxl.Items.Add(c);

O [:'| e Jane :
Lee, Kim '

[~ O
-

Customer c¢;

if (C == null)
return;
else
MessageBox.Show (c.Name) ;

// display name of selected customerj(if any)

¢ = (Customer) this.listBoxl.SelectedItem;
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Just the tip of the iceberg...

= Menus, dialogs, toolbars, etc.

» Thousands of additional controls

> .NET and ActiveX
. .
> r'lghT—C||Ck on TOOIbOX COM Components | .NET Framework Components |

Name | Path ‘ Library ‘ 4
l l ° Microsoft Terminal Services Control C:\WINDOWS\System32\mstscax.dll
> C us T O m l Z e | O O b O x Microsoft Toolbar Control, version 5.0... C:\WINDOWS\System32\cometl32.0cx  Microsoft Window...
Microsoft Toolbar Control, version 6.0 C:\WINDOWS\System32\MSCOMCTL.Q... Microsoft Window...
I Microsoft TreeView Control, version 5... C:\WINDOWS\System32\comctl32.0ex Microsoft Window...
| Microsoft TreeView Control, version 6.0 C:\WINDOWS\System32\MSCOMCTL.O... Microsoft Window...

I Microsoft UpDown Control 6.0 (SP4)  C:\WINDOWS\System32\MSCOMCT2.0... Microsoft Window...
Microsoft UpDown Control, version 5.... C:\WINDOWS\System32\comct232.0cx  Microsoft Window...

Microsoft Web Browser | C:\WINDOWS\System32\shdocvw.dll Microsoft Internet...
Microsoft WinSock Con®ol, version 6.0 C:\WINDOWS\System32\MSWINSCK.Q... Microsoft Winsock...

L3

Migration Wizard OOBE Automation ... C:\WINDOWS\system32\SHELL32.dll Microsoft Shell Co...
MMC IconControl class C:\WINDOWS\System32\mmcndmgr.dll  NodeMgr 1.0 Typ...
I MMCCtrl class C:\WINDOWS\System32\cic.dll cic 1.0 Type Library
| MoveBvr Class C:\WINDOWS\System32\Imrt.dll
1 M& TV Viden Cantral CVWTNDOW S\ Quatam 2\ mavidetl dll MS Viden Contral B!
< | >
Microsoft Web Browser
Browse...
® Language:  Language Neutral
Version: 1l |

OK Cancel ‘ Reset ‘ Help ‘
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Summary ©

= Event-driven programming is very intuitive for GUTI apps

= Forms are the first step in GUI design
> each form represents a window on the screen

> form designer enables drag-and-drop GUI
construction

> Users interact primarily with form's controls
> labels, text boxes, buttons, etc.
> implies that GUI programming is control programming
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Questions?
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