Windows basic concept

Windows programming
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In this talk

1. Windows history & characteristics
2. Window's anatomy
3. Event-driven programming using messages

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Windows history
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Popularity

Desktop OS ¢ Net Applications ¢ | StatCounter ¢
Windows XP 6.94% 4.10%
Windows Vista 0.53% 0.78%
Windows 7 ‘ 49.04% 38.59%
Windows 8 1.23% 2.03%
Windows 8.1 6.40% 7.90%
Windows 10 ‘ 26.80% 30.87%
All listed versions 90.94% 84.27%

Wikipedia, https://en.wikipedia.org/wiki/Microsoft Windows (06.2017)

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



https://en.wikipedia.org/wiki/Microsoft_Windows
http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Basic charateristics

 Event-driven: wait for input from system
- Multitask / multithread

1 32 bit & 64 bit
 Graphical User Interface
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Programming libraries

J Windows API (“Win32 API" and “Win64 API")
d OWL - Object Windows Library

d MFC - Microsoft Foundation Classes

 ATL - Active Template Library

d WTL - Windows Template Library

 BCL - .NET Framework Base Class Library

a ..
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Covered In this course

J Windows Application Programming Interface (11
weeks)

© Win32 API (C++)
d C# - Universal app with WPF (3-4 weeks)
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Microsoft .Net framework

Version | CLR Release Support Included in
number version date ended Development tool Windows Windows Server Replaces
1.0 1.0 2002-02-13 | 2009-07-14[22] Visual Studio .NET{23] Xplal N/A N/A
1.1 1.1 2003-04-24 Visual Studio .NET 2003[23] N/A 2003 1,024
2.0 2.0 2005-11-07 | 2011-07-12122] Visual Studio 2005[25] N/A 2003, 2003 R2,1261 2008 SP2, 2008 R2 SP1 N/A
3.0 2.0 2006-11-06 | 2011-07-12/22] Expression Blend!271lb] Vista 2008 SP2, 2008 R2 SP1 2.0
3.5 2.0 2007-11-19 (:,2::;;23[2:1) Visual Studio 2008(28] 7, 8l¢, 8.1lel, 1qlcl 2008 R2 SP1 2.0,3.0
4.0 4 2010-04-12 | 2016-01-12[2°] Visual Studio 2010[30] N/A N/A N/A
4.5 4 2012-08-15 | 2016-01-12[29 Visual Studio 2012(31] 8 2012 4.0
451 4 2013-10-17 | 2016-01-12[29 Visual Studio 2013(32] 8.1 2012 R2 4.0, 4.5
452 4 2014-05-05 N/A N/A N/A N/A 4.0-4.51
46 4 2015-07-20 N/A Visual Studio 2015(33] 10 N/A 40-45.2
46.1 4 2015-11-30134 N/A Visual Studio 2015 Update 1 10 v1511 N/A 4.0-4.6
46.2 4 | 2016-08-02%! N/A 10 v1607 2016 4.0-4.6.1
47 4 | 2017-04-05/3¢] N/A Visual Studio 2017 10 v1703 N/A 40-46.2
8
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Windows API

d Main components

= Base Services: file systems, devices, processes & threads,
Windows reqgistry...

= Graphics Device Interface

= User Interface

= Windows Shell

= Network Services

= Multimedia related APIs: DirectX

= Programs interaction APIs: DDE, OLE, COM...

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Windows SDK

1 Software Development Kit

Documentation Header files, libraries

Tools to compile, debug,...

J Windows (SDK) for Windows 10
= Already in Visual Studio

10
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Version of VS In this course

 Visual Studio 2017 Community Edition

“ Free

Other versions are okay, as long as you specify in
readme.txt or readme.docx

11
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Types of application

BN C\Windows\system32\cmd.exe

Console Ul

J Web-service
J Web-based
d And many more

| = | File Explorer **

Home Share View

4 sk » Quick access

7 Quick access
htdocs
L',‘ Drive

I Desktop

@ Dropbox

@ Onelrive

2 quang

[ This PC

4 Libraries

ﬁj‘ Metwork
Control Panel
la) Recycle Bin

2 itemns

-
-

- @

w |0 Sef

~ Frequent fo... (2)

htdocs
] Winl10 (C:)
*

Drrive
Big Boss (D
*

Focus in this course: Graphical Ul
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Window's anatomy

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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What Is a window?

O | = | This PC " — O P
Computer View b ﬂ
« « 4 > ThisPC » v @ | SearchThisPC 0
~
» g Quick access ~ Folders (B)
v Bl Desktop - Desktop
> £2 Dropbox C 1
5 @ OneDrive
A=5
3 l quang 1= Documents
v [ This PC
> [ Desktop ] ' Downloads
> Documents
» * Downloads ‘m Music
> J'I Music
% [&=| Pictures
. Pictures
Vid
) B Ve = .
> '=- Win10 {C:} [ >
9 itemns == &=

= Run *

Type the name of a pregram, folder, document, or Internet
= resource, and Windows will open it for you.

Open: | v

0K Cancel Browse...

CuuDuongThanCong.com

Quiz: How many windows are there?
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Components of a Window

Caption Titlebar Minimize-Restore

& Documsent fordPar
i
1% ¥ i
: / -u-l s |'w'um|1 v BSOS
z
3

Icon

Menubar
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re
(5.
-
[
N
=
o
-
9
-
=
[=i
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=
™
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-
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Toolbar

Client area | | /

e mﬂ/l l\\f — /,/’/
Scrollbar Resized border

Statusbar
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Common controls

Tab Control

Edit box
- -~
Ikalic o =1
| |Bold
- Eold Italic
L IStbOX Werdana Ref i b ]|
Font calaor; Underline sktyle: Underline color:
| )utnmatic |V| | {none) v | Auktomatic
/ i Effects
Com bODOX [ strikethrough [] shadow [1 Small caps
[] pouble strikethrough [ outline [ al caps
|:| Superscripk |:| Emboss idden
[] subscript [T Engrave - i C Ineck bOX
- Preview
Static text |~
N Times MNew Foman
This is a TMPE Font. This Font will be used on both printer and screen,
o <+==—} | Button
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Common controls 2

Tile Bar

henu — File  Edit

Tool Bar Cortrol

#N\ Exploring - My Computer

View Tools

Help

Combo Box Contral —3

g fdy Cormpuiter

Tree Wiew Control —

otatuz Bar

Al Folders

ﬁ Dezktop

.@ kA Computer
' I +-= 3% Floppy 4]

] a) Hard_disk [C:]

—f—n@[n]

----- [s4] Contral Panel

Recycle Bin

% M ebwark, Heighborhiood

Contral Pa

L)
L~

0 object]z]

/
A

i

Y

List Wiem Control —
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Scroll Bar Control ~ Size Grip —
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Ribbon / fluent

| I ") " 5 | Untitled - Paint — O X

View

B[S 2o A M I

~ @

Clipboard | Image ! ﬁ! q Brushes| Shapes Size Color | Color Edit
- - - - - 1 2 colors
Tools Caolors
Crop A
i Resize

Select
- "k Rotate ~

Image
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How application started?

 OS create process and thread

 Load binary code into memory (DLL, if needed)
 Data is allocated & mapping into virtual memory
 Application start the thread

19
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DOS vs Windows app
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Console application

#include <iostream:>
using namespace std;

-|int main()

i

return @;

cout << "Hello world"”;

CuuDuongThanCong.com

BN CAWINDOWS\systern32hcmd.exe

Hello world
Pressz any key to continue .

21
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Simple Windows program

#include <windows.h>

int APIENTRY wWinMain{ In_ HINSTANCE hInstance,
_In opt_ HINSTANCE hPrevInstance,
In_ LPWSTR 1pCmdLine,

In_ 1int nCmdShow)

{ Hello world

UNREFERENCED PARAMETER(hPrevInstance);
UNREFEREMNCED PARAMETER(lpCmdLine);

Info =4

MessageBox(®, L"Hello world”, L"Info", @);

X

return 8;

' ?
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Create code from template

 File > New Project

Mew Project
b Recent NET Framework 452 ~| Sort by: | Default .o
4 |nstalled ++
Win32 Console Application Visual C++
4 Temnplates —
b Visual C# [B5] Win32 Project Visual C++
I Visual Basic
Visual F#
4 Visual C++
E Windows ) -
ATL
cLR Application Settings
General
MFC
Win32
orm ) .
Extensibility Owverview Application type:
b | ] ] (@) Windows application
Application Settings _
() Console application

CuuDuongThanCong.com
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Full program - main

int APIENTRY wiinMain( fJin_ HINSTANCE hInstance,

_1n_opt_ HINSTANCE hPrevInstance,
_In_ LPWSTR lpCmdLine,
1 In_ int nCmdShow)

UNREFERENCED PARAMETER(hPrevInstance);
UNREFERENCED PARAMETER(1lpCmdLine);

LoadStringW(hInstance, IDS APP_TITLE, szTitle, MAX LOADSTRING);

Loadstrin hInstance, IDC WIN32PROJECT1, szWindowClass, MAX LOADSTRING);
MyRegisterClass(hInstance);
1 if'kEInitInstance ﬂhInstance, nCmdShow)) {
return B

¥

HACCEL hAccelTable = LoadAccelerators(hInstance, MAKEINTRESOURCE(IDC WIN32PROJECT1));
M50 msg;

// Main message loop:

while (GetMessage(&msg, nullptr, @, @)) { WM_QUIT
E if (!Translatefccelerator(msg.hwnd, hAccelTable, &msg)) {
TranslateMessage(&msg);
DispatchMessage (&msg);

¥
¥

return [ 1n Mg . WHEaAramy

i 24
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To sum up

 Register window class
 Init an instance
1 Message loop

25
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Register class

1ATOM MyRegisterClass(HINSTANCE hInstance)

{

WNDCLASS5EXW wcex;

wcex.chSize = sizeof (WNDCLASSEX);

wcex.style

wcex. lpfnkindProc
wcex.cbhClsExtra
wcex. cbWndExtra
wcex.hInstance
wcex.hIcon
wcex.hCursor
wcex.hbrBackground
wcex. lpszMenuName
wcex. lpszClassName
wcex.hIconSm

return RegisterClassExW(8wcex);

= @;

= szWindowClass;

CS_HREDRAW | C5_VREDRAW;
WndProc;
a;

hInstance;

LoadIcon{hInstance, MAKEINTRESOURCE(IDI WIN32PROJECT1));
LoadCursor{nullptr, IDC ARROW);

(HBRUSH) (COLOR_WINDOW+1);

MAKEINTRESOURCEW({IDC WIN32PROJECTL);

LoadIcon({wcex.hInstance, MAKEINTRESOURCE(IDI SMALL));

CuuDuongThanCong.com

26

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Initialize main window

JBOOL InitInstance(HIMNSTANCE hInstance, int nCmdShow)

{

hInst = hInstance; // Store instance handle in our global variable

HWHND hWnd =IEFEEtEHinGHH‘SEHinGHClESS, szTitle, WS OVERLAPPEDWINDOW,
CW_USEDEFAULT, @, (W USEDEFAULT, @, nullptr, nullptr, hInstance, nullptr);

| if (!huind)
1

¥

ShowWindow(hWnd, nCmdShow);
UpdateWindow(hkind);

return FALSE;

return TRUE;

27
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Some important terms

J Handle

= 32 bits unsigned integer created by OS for an object
(window, file, memory, menu,...)

J ID (Identifier)

= Unsigned integer to identify between objects in a
program

J Instance

= Unsigned integer of current instance

1 Callback function: function called by another function

28
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Activity — Spy++

 \Visual Studio installation
folder\Common7\Tools\spyxx_amd64.exe

 Identify a window handle, caption & classname

Window Search -
Search Criteria:

Specify the window by dragaing the Finder
Toaol over a window to select it, then

releasing the mouse button, or by enterng a
window handle {in hexadecimal), or a caption

or class string for which to search.
Finder Toal: [ ] Hide Spy++

Handle: 00010010
Caption:
Class: |A32769 (Desktop)

Search Direction:
(O Up (®) Down

29
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What can we do with handle?

 Get handle using Spy++
 Add button to desktop!
 Change label of OK button of Run dialog to Hello

J Force redraw

= InvalidateRect (hWnd, NULL, TRUE);
UpdateWindow (hWnd);

30
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Little customization

 Change title of program to “Hello little world"
_ I I
HelloWorld.rc - String Table* + X i Resource View - HelloWorld = h Hello little world I s - o x
D Value  Caption 4 [& HelloWorld :
v IFI] = d 4 | HelloWorld.rc* File Help
ello EWor
IDC_HELLOWORLD 109 HELLOWORLD b Accelerator
. B 0 Dialog
[ Bl-lcon :
[Meny
4 ] String Table
String Table
 Change icon of program
12 (40T s N fl Sl 8 HelloWorld.cpp I
31 E// Icon with lowest ID value placed first to ensure application icon
32 // remains consistent on all systems.
33 IDI_HELLOWORLD ICON "myicon.ico™
34 | | IDI_SMALL ICON "myicon.ico”
35

31
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More customization

 Change color of background to better color
wcex.hbrBackground = (HBRUSH)(COLOR_BTNFACE + 1);

& Hefh littl... — | w
File Help

d Change menu to this

HelloWorld.rc - [...HELLOWORLD - Menu™® x | & Hello little world

| File  Help

Mew

Open..

Exit

32
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Deliverables

 Find the source code path
= Open folder in File explorer

] Debug & Release mode

N HelleWorld - Microsoft Visual Studio _‘u' Debug

File  Edit View  Project Build Debfig Window  Help _‘u' Release
- -2 e Debug I %86 - Local Windows Debugger = g7 el s
+ HelloWerld.cpp

L . Debug
5 HelloWorld.rc - 5tring Table Release [ HelloWorld.h
m
_‘E'I (] Helloworld Configuration Manager... | N (Global Scope) ml HelloWorld.ico
= 7 #define MAX_LOADSTRENG 1Tew ]
2 5 - HelleWorld.re
5 %] HelloWorld.vexproj
21 HelloWoerld voxeproj filters
% ReadMe. txt
J Remember to clean solution before | e
m’ small.ico

submission! st
" targetver.h
] Hidden .vs folder!

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Event-driven &

Messages
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Event-driven programming

Hardware
Event

System
Queue

App3 Message Queus

App2 Message Queue

Post
Massage

CuuDuongThanCong.com

App1 Message Queue

Send
Message

Application 1
Mess aie L oop

Window
Procedura

|

Default
Window
Procedura

35
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Quiz

 List 10 messages
= Kick start: A key is pressed

36
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Some messages

Message Sent when

WM_CHAR Akey is pressed
WM_COMMAND User click on button, menu

WM _CREATE A window is created

WM _DESTROY A window is destroyed
WM_LBUTTONDOWN Left button is pressed (not released)
WM _LBUTTONUP Left button is released after being pressed
WM_MOUSEMOVE Mouse movement

WM_PAINT A windows needs to be repainted
WM _QUIT Application is going to close

WM _SIZE A window is about to change its size

37

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Event processing mo

Inceming messages

WIM_PAINT

WM_KEYDOWN WM_SIZE

WM_COMMAND n r WM_LEUTTONDOWN
Y

—Message queus

—Retrieved messages

Application
WinMain ¥
— Message
loop
E)'\r!glcde?jwure J— Dispatched messages

i | o
Ll Message handler |h Message handler |

| Message handler | | Message handler |

| Message handler | | Message handler |

] Unprocessed messages

| DafWindow Proc

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Window messages

 Generated by system & applications

 Activity: Reading comprehension
* Reading-MessageQueue.docx

39
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Message components

ﬁLF{ESLILT CALLBACK WndProc(HWND hWnd, UINT message, WPARAM wParam, LPARAM lParam) '
I 4

Window handle

\4

Message identifier

40

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Window procedure

LRESUL| CALLBACK LndPrﬂc{HNMD hkind, UINT message, WPARAM wParam, LPARAM lParam)
1

switch (message)

1

case W_COMMAND:
1

int wmId = LOWORD(wParam);

Jf Parse the menu selections:

switch (wmId)

1

case IDM_ABOUT:
DialogBox(hInst, MAKEINTRESOURCE(IDD ABOUTBOX), hwnd, About);
break;

case IDM_EXIT:
DestroyWindow(hiind);
break;

default:
return DefWindowProc(hWnd, message, wParam, lParam);

¥
¥

break;
case Wi_PAINT:

1

FAINTSTRUCT ps;

CuuDuongThanCong.com G o) d mo d e: <Wi n d ow SX h > https://fb.com/tailieudientucntt 41
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Flashback - Function pointer

] Pointer to another function to call

42
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Two ways for message

1. Postmessage()
Send message into queue

2. Sendmessage()

Send message immediately, skip queue and acquire
Instant response

43
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Quiz

What should I change if I want to
1. Change icon of the program?
2. Change background color of the main window?

3. Change main window size to 300, 4007
How can we make it appear in the center?
How can we make our program appear fullscreen?

4. Save working progress on exit if dirty?
5. Get configuration of the program?

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Question

d What if we have multiple windows, how many
WndProc does we have to write?

45
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Resources

 Defined in .rc file
 Added to executable file when compiled

 Types of resources
= Accelerator table: hot-key
= Bitmap: bitmap
= Caret, Cursor
= Dialog box
* Font, Icon
* Menu
= String-table entry
= Version information

46
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Accelerator table

SIS

: |D_EDIT_COPY
ID_FILE _MEMW
ID_FILE_OPEM
ID_FILE_FPRIMT
ID_FILE SAWE
D EDIT_PASTE
D EDIT _UMDO
ID_EDIT_CUT
D MHEXT_FAME
D PREY FAME
D EDIT_COPY
ID_EDIT_PASTE
IO EDIT_CUT

D EDIT _UMDO

Ctrl + O

Chl + P

Ckrl + 5

Chrl +

Al +WE_BACK
Shift +WK_DELETE
WE_FB

Shift +Fk_FB

Ctrl +VF_INSERT
Shift + WE_INSERT
Chrl + &

Ctrl + 2

CuuDuongThanCong.com
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File Edit Wiew Help i

Undo Ckrl+-Z
iZuk kel
Copy Ckrl4C
Paske kel

Menu Item Properties

—a iﬁ' General | Extended

Styles |

1D IID_EDIT_ELE&H_.-E-.LL

[~ Separator [ Pop-up
[" Checked [ Grayed

» | LCaption

[ Inactive

[ Help

: IEIear &L ocument

Break: I Mone had

Frormpt; |Erase everpthingsnErase All

CuuDuongThanCong.com
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Quiz — Hungarian notation

J HWND, HINSTANCE, BOOL, LRESULT
J WCHAR, TCHAR, CHAR

J LPCWSTR, LPTSTR

J WPARAM, LPARAM

d cbSize

d szWindowcClass, szTitle

" & _T("") difference?

49
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Graphical user interface
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Types

 SDI - Single Document Interface
 MDI - Multiple Document Interface
 Dialog

51
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Single Document Interface - SDI

[ One working window

( Resizeable

d No child window

O Ex: Notepad, Paint,... — [FFEER —

52
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Multiple Document Interface - MDI

d One main window(Frame window) and many child
windows

] Resizeable

J Maximize/Minimize/Close child windows
J Ex: Word, Excel, VC++,...
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Dialog

* Fixed size

= Calculator
Edit  Wiew Help
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Other OS out there

d Android

1 i10S
 BlackBerryOS
d Tizen...
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Refereces

J Windows API Index

= https://msdn.microsoft.com/en-
us/library/windows/desktop/ff818516(v=vs.85).aspx

d Windows data types

= https://msdn.microsoft.com/en-
us/library/windows/desktop/aa383751(v=vs.85).aspx
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