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Author's Note 

Visit my web site at www.cpetzold.com for updated information regarding this book, 
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any easy questions you may have, I can't make any promises. I'm usually pretty busy, 
and my cat refuses to learn the Windows API. 
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(you know who you are!) whose support has made this book possible. To you this 
book is dedicated. 
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Chapter 6 

The Keyboard 

The keyboard and the mouse are the two standard sources of user input in Microsoft 
Windows 98, often complementing each other with some overlap. The mouse is, of course, 
much more utilized in today's applications than those of a decade ago. We are even ac­
customed to using the mouse almost exclusively in some applications, such as games, 
drawing programs, music programs, and Web browsers. Yet while we could probably make 
do without the mouse, removing the keyboard from the average PC would be disastrous. 

Compared with the other components of the personal computer, the keyboard has 
a positively ancient ancestry beginning with the first Remington typewriter in 1874. Early 
computer programmers used keyboards to punch holes in Hollerith cards and later used 
keyboards on dumb terminals to communicate directly with large mainframe computers. 
The PC has been expanded somewhat to include function keys, cursor positioning keys, 
and (usually) a separate numeric keypad, but the principles of typing are basically the same. 

KEYBOARD BASICS 
You've probably already surmised how a Windows program gets keyboard input: Keyboard 
input is delivered to your program's window procedures in the form of messages. Indeed, 
when first learning about messages, the keyboard is an obvious example of the type of 
information that messages might deliver to applications. 

There are eight different messages that Windows uses to indicate various keyboard 
events. This may seem like a lot, but (as we'll see) your program can safely ignore at least 
half of them. Also, in most cases, the keyboard information encoded in these messages is 
probably more than your program needs. Part of the job of handling the keyboard is know­
ing which messages are important and which are not. 
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Ignoring the Keyboard 

Although the keyboard is often the primary source of user input in Windows programs, 
your program does not need to act on eve1y keyboard message it receives. Windows 
handles many keyboard functions itself. 

For instance, you can usually ignore keystrokes that pertain to system functions. These 
keystrokes generally involve the Alt key. You do not need to monitor these actual keystrokes 
because Windows notifies a program of the effect of the keystrokes. (A p rogram can monitor 
the keystrokes itself if it wants to, however.) The keystrokes that invoke a program's menu 
come through a window's window procedure, but they arc usually passed on to DefWindow­
Proc for default processing. Eventually, the window procedure gets a message indicating 
that a menu item has heen selected. This is generally all the window procedure needs to 
know. (Menus are covered in Chapter 10.) 

Many Windows programs use keyboard accelerators to invoke common menu items. 
The accelerators usually involve the Ctrl key in combination with a function key or a letter 
key (for example, Ctrl-S to save a file). These keyboard accelerators are defined in a 
program's resource script along with a program's menu, as we'll see in Chapter 10. Windows 
translates these keyboard accelerators into menu command messages. You don't have to 
do the translation yourself. 

Dialog boxes also have a keyboard interface, but programs usually do not need to 
monitor the keyboard when a dialog box is active. The keyboard interface is handled by 
Windows, and Windows sends messages to your program about the effects of the key­
strokes. Dialog boxes can contain edit controls for text input. These are generally small 
boxes in which the user types a character string. Windows handles all the edit control logic 
and gives your program the final contents of the edit conri-oJ when the user is done. See 
Chapter 11 for more on dialog boxes. 

Edit controls don't have to be limited to a single line, and they don't have to be lo­
cated only in dialog boxes. A multiline edit control in your program's main window can 
function as a rndimentary text editor. (This is sbov.,n in the POPPAD programs in Chapters 9, 
10, 11 , and 13.) And Windows even has a fancier rich-text edit control that lets you edit 
and display fo rmalled text. (See /Pla{/orm SDK/User Interface Services/Controls/Rich Hdit 
Controls.) 

You'll also find that when structuring your Windows programs, you can use child 
window controls to process keyhoard and mouse input to deliver a higher level of infor­
mation back to the parent window. Accumulate enough of these controls and you'll never 
have to be bothered with processing keyboard messages at all. 

Who's Got the Focus? 

212 

Like all personal computer hardware, the keyboard must be shared by all applications 
running under Windows. Some applications might have more than one window, and the 
keyboard most be shared by all the windows within the application. 
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As you'll recall, the MSG structure that a program uses to retrieve messages from the 
message queue includes a hwnd field. This field indicates the handle of the window that 
is to receive the message. The DispatchMessage function in the message loop sends that 
message to the window procedure associated with the window for which the message is 
intended. When a key on the keyboard is pressed, only one window procedure receives 
a keyboard message, and this message includes a handle to the window that is to receive 
the message. 

The window that receives a patticular keyboard event is the window that has the input 
focus. The concept of input focus is closely related to the concept of the active window. 
The window with the input focus is either the active window or a descendant window of 
the active window-that is, a child of the active window, or a child of a child of the ac­
tive window, and so forth. 

The active window is usually easy to identify. It is always a top-level window-that is, 
its parent window handle is NULL. If the active window has a title bar, Windows highlights 
the title bar. If the active window has a dialog frame (a form most commonly seen in dia­
log boxes) instead of a title bar, Windows highlights the frame. If the active window is 
currently minimized, Windows highlights its entry in the task bar by showing it as a de­
pressed button. 

If the active window has child windows, the window with the input focus can be 
either the active window or one of its descendants. The most common child windows are 
controls such as push buttons, radio buttons, check boxes, scroll bars, edit boxes, and list 
boxes that appear in dialog boxes. Child windows are never themselves active windows. A 
child window can have the input focus only if it is a descendent of the active window. Child 
window controls indicate that they have the input focus generally by displaying a flashing 
caret or a dotted line. 

Sometimes no window has the input focus. This is the case if all your programs have 
been minimized. Windows continues to send keyboard messages to the active window, 
but these messages are in a different form from keyboard messages sent to active windows 
that are not minimized. 

A window procedure can determine when its window has the input focus by trap­
ping WM_SETFOCUS and WM_KILLFOCUS messages. WM_SETFOCUS indicates that the 
window is receiving the input focus, and WM_KILLFOCUS signals that the window is los­
ing the input focus. I'll have more to say about these messages later in this chapter. 

Queues and Synchronization 
As the user presses and releases keys on the keyboard, Windows and the keyboard de­
vice driver translate the hardware scan codes into formatted messages. However, these 
messages are not placed in an application's message queue right away. Instead, Windows 
stores these messages in something called the system message queue. The system message 
queue is a single message queue maintained by Windows specifically for the preliminary 
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storage of user input from the keyboard and the mouse. Windows will take the next message 
from the system message queue and place it in an application's message queue only when 
a Windows application has finished processing a previous user input message. 

The reasons for this two-step process-storing messages first in the system message 
queue and then passing them to the application message queue-involves synchroniza­
tion. As we just learned, the window that is supposed to receive keyboard input is the 
window with the input focus . A user can be typing faster than an application can handle 
the keystrokes, and a particular keystroke might have the effect of switching focus from 
one window to another. Subsequent keystrokes should then go to another window. But 
they won't if the subsequent keystrokes have already been addressed with a destination 
window and placed in an application message queue. 

Keystrokes and Characters 

The messages that an application receives from Windows about keyboard events distin­
guish between keystrokes and characters. This is in accordance with the two ways you can 
view the keyboard. 

First, you can think of the keyboard as a collection of keys. The keyboard has only 
one key labeled "A." Pressing that key is a keystroke. Releasing that key is also consid­
ered a keystroke. But the keyboard is also an input device that generates displayable 
characters or control characters. The "A" key can generate several different characters 
depending on the status of the Ctrl, Shift, and Caps Lock keys. Normally, the character is 
a lowercase "a." If the Shift key is down or Caps Lock is toggled on, the character is an 
uppercase "A." If Ctrl is down, the character is a Ctrl-A (which has meaning in ASCII but 
in Windows is probably a keyboard accelerator if anything) . On some keyboards, the "A" 
keystroke might be preceded by a dead-character key or by Shift, Ctrl, or Alt in various 
combinations. The combinations could generate a lowercase or uppercase letter with an 
accent mark, such as a, a, a, a, A, or A. 

For keystroke combinations that result in displayable characters, Windows sends a 
program both keystroke messages and character messages. Some keys do not generate 
characters. These include the shift keys, the function keys, the cursor movement keys, and 
special keys such as Insert and Delete. For these keys, Windows generates only keystroke 
messages. 

KEYSTROKE MESSAGES 
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When you press a key, Windows places either a WM_KEYDOWN or WM_SYSKEYDOWN 
message in the message queue of the window with the input focus. When you release a 
key, Windows places either a WM_KEYUP or WM_SYSKEYUP message in the message queue. 



Nonsystem Keystroke: 

System Keystroke: 

Key Pressed 

WM_KEYDOWN 

WM_SYSKEYDOWN 
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Key Released 

WM_KEYUP 

WM_SYSKEYUP 

Usually the up and down messages occur in pairs. However, if you hold down a key 
so that the typematic (autorepeat) action takes over, Windows sends the window proce­
dure a series of WM_KEYDOWN (or WM_SYSKEYDOWN) messages and a single WM_ 
KEYUP (or WM_SYSKEYUP) message when the key is finally released. Like all queued 
messages, keystroke messages are time-stamped. You can retrieve the relative time a key 
was pressed or released by calling GetMessageTime. 

System and Nonsystem Keystrokes 

The "SYS" in WM_SYSKEYDOWN and WM_SYSKEYUP stands for "system" and refers to 
keystrokes that are more important to Windows than to Windows applications. The WM_SYS­
KEYDOWN and WM_SYSKEYUP messages are usually generated for keys typed in com­
bination with the Alt key. These keystrokes invoke options on the program's menu or system 
menu, or they are used for system functions such as switching the active window (Alt-Tab 
or Alt-Esc) or for system menu accelerators (Alt in combination with a function key such 
as Alt-F4 to close an application). Programs usually ignore the WM_SYSKEYUP and WM_SYS­
KEYDOWN messages and pass them to DefWindowProc. Because Windows takes care of 
all the Alt-key logic, you really have no need to trap these messages. Your window pro­
cedure will eventually receive other messages concerning the result of these keystrokes 
(such as a menu selection). If you want to include code in your window procedure to trap 
the system keystroke messages (as we will do in the KEYVIEWl and KEYVIEW2 programs 
shown later in this chapter), pass the messages to DefWindowProc after you process them 
so that Windows can still use them for their intended purposes. 

But think about this for a moment. Almost everything that affects your program's 
window passes through your window procedure first. Windows does something with the 
message only if you pass the message to DejWindowProc. For instance, if you add the lines 

case WM_SYSKEYDOWN: 
case WM_SYSKEYUP : 
case WM_SYSCHAR: 

return 0 ; 

to a window procedure, you effectively disable all Alt-key operations when your program's 
main window has the input focus. (I'll discuss the WM_SYSCHAR message later in this 
chapter.) This includes Alt-Tab, Alt-Esc, and menu operations. Although I doubt you would 
want to do this, I trnst you sense the power inherent in the window procedure. 
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The WM_KEYDOWN and WM_KEYUP messages are usually generated for keys that 
are pressed and released without the Alt key. Your program can use or discard these key­
stroke messages. Windows doesn't care about them. 

For all four keystroke messages, wParam is a viltual key code that identifies the key 
being pressed or released and !Param contains other data pertaining to the keystroke. 

Virtual Key Codes 
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The virtual key code is stored in the wParam parameter of the WM_KEYDOWN, WM_KEY­
UP, WM_SYSKEYDOWN, and WM_SYSKEYUP messages. This code identifies the key being 
pressed or released. 

Ah, that ubiquitous word "virtual." Don't you love it? It's supposed to refer to some­
thing that exists in the mind rather than in the real world, but only veteran programmers 
of DOS assembly language applications might figure out why the key codes so essential 
to Windows keyboard processing are considered virtual rather than real. 

To old-time programmers, the real keyboard codes are generated by the hardware 
of the physical keyboard. These are referred to in the Windows documentation as scan 
codes. On IBM compatibles, a scan code of 16 is the Q key, 17 is the W key, 18 is E, 19 is 
R, 20 is T, 21 is Y, and so on. You get the idea-the scan codes are based on the physical 
layout of the keyboard. The developers of Windows considered these scan codes too 
device-dependent. They thus attempted to treat the keyboard in a device-independent 
manner by defining the so-called virtual key codes. Some of these virtual key codes can­
not be generated on IBM compatibles but may be found on other manufacturer's keyboards, 
or perhaps on keyboards of the future. 

The virtual key codes you use most often have names beginning with VK_ defined 
in the WINUSER.H header file. The tables below show these names along with the numeric 
values (in both decimal and hexadecimal) and the IBM-compatible keyboard key that 
corresponds to the virtual key. The tables also indicate whether these keys are required 
for Windows to run properly. The tables show the virtual key codes in numeric order. 

Three of the first four virtual key codes refer to mouse buttons: 

Decimal Hex 

1 01 

2 02 

3 03 

4 04 

WINUSER.H 
Identifier 

VK_LBUTION 

VK_RBUTION 

VK_CANCEL 

VK_MBUTION 

Required? 
IBM-Compatible 
Keyboard 

Mouse Left Button 

Mouse Right Button 

✓ Ctrl-Break 

Mouse Middle Button 

You will never get these mouse button codes in the keyboard messages. They are found 
in mouse messages, as we'll see in the next chapter. The VK_CANCEL code is the only virtual 
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key code that involves pressing two keys at once (Ctrl-Break). Windows applications gen­
erally do not use this key. 

Several of the following keys-Backspace, Tab, Enter, Escape, and Spacebar-are 
commonly used by Windows programs. However, Windows programs generally use char­
acter messages (rather than keystroke messages) to process these keys. 

WINUSER.H IBM-0:»npatible 
Decimal Hex Identifier Required? Keyboard 

8 08 VK_BACK ✓ Backspace 

9 09 VK_TAB ✓ Tab 

12 oc VK_CLEAR Numeric keyboard 5 with 
Num Lock OFF 

13 OD VK_RETURN ✓ Enter (either one) 

16 10 VK_SHIFT ✓ Shift (either one) 

17 11 VK_CONTROL ✓ Ctrl (either one) 

18 12 VK_MENU ✓ Alt (either one) 

19 13 VK_PAUSE Pause 

20 14 VK_CAPITAL ✓ Caps Lock 

27 1B VK_ ESCAPE ✓ Esc 

32 20 VK_SPACE ✓ Spacebar 

Also, Windows programs usually do not need to monitor the status of the Shift, Ctrl, or 
Alt keys. 

The first eight codes listed in the following table are perhaps the most commonly used 
virtual key codes along with VK_INSERT and VK_DELETE: 

WINUSER.H IBM-Compatible 
Decimal Hex Identifier Required? Keyboard 

33 21 VK_PRIOR ✓ Page Up 

34 22 VK_NEXT ✓ Page Down 

35 23 VK_END ✓ End 

36 24 VK_HOME ✓ Home 

37 25 VK_LEFT ✓ Left Arrow 

38 26 VK_UP ✓ Up Arrow 

39 27 VK_RIGHT ✓ Right Anow 

40 28 VK_DOWN ✓ Down Arrow 

(continued) 
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COllfinued 

WINUSER.H IBM-Compatible 
Decimal Hex Identifier Required? Keyboard 

41 29 vX_SELECT 

42 2A VK_PRINT 

43 2B VK_EXECUTE 

44 2C VK_SNAPSHOT Print Screen 

45 2D VK_lNSERT ✓ Insert 

46 2E VK_DELETE ✓ Delete 

47 2F VK_HET.P 

Notice that many of the names (such as VK_PRIOR and VK_NEXD are unfortunately quite 
different from the labels on the keys and also not consistent with the identifie rs used in 
scroll bars. The Print Screen key is largely ignored by Windows applications. Windows itself 
responds to the key by storing a bitmap copy of the video display into the clipboard. 
VK_S"ELECT, VK_PRTNT, VK_EXECUTE, and VK_HELP might be found on a hypothetical 
keyboard that few of us have ever seen. 

Windows also includes virtual key cocles for the letter keys and number keys on the 
main keyboard. (The number pad is handled separately.) 

WINUSER.H IBM-Compatible 
Decimal Hex Ide11tifier Req11ired? Keyboard 

48- 57 30-39 None ✓ 0 through 9 on 
main keyboard 

65-90 41- SA None ✓ A through Z 

Notice that the virtual key codes arc the ASCII codes for the numbers and letters. Windows 
programs almosl never use these virtual key codes; instead, the programs rely on charac­
ter messages for ASCII ch:uactcrs. 

'l11e following keys are generated from the Microsoft Natural Keyboard and compatibles: 

WINUSER.H Microsoft Natural 
Decimal Hex Ide11tifier R equired? Keyboard 

91 SB VK_LWII\ Left Windows key 

92 SC VK_R\X'IN Right Windows key 

93 5D VK_APPS Applications key 
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The VK_LWIN and VK_RWIN keys are handled by Windows to open the Start menu or (in 
older versions) to launch the Task Manager. Together, they can log on or off Windows (in 
Microsoft Windows NT only), or log on or off a network (in Windows for Workgroups). 
Applications can process the application key by displaying help information or shortcuts. 

The following codes are for the keys on the numeric keypad (if present): 

Decimal 

96-105 

106 
107 

108 

109 
110 

111 

Hex 

60-69 

6A 
6B 
6C 
6D 

6E 
6F 

WINUSER.H 
Identifier 

VK_NUMPAD0 
through VK_ 
NUMPAD9 

VK_MULTIPL Y 

VK_ADD 

VK_SEPARATOR 

VK_SUBTRACT 

VK_DECIMAL 

VK_DIVIDE 

Required? 
IBM-Compatible 
Keyboard 

Numeric keypad 0 
through 9 with Num Lock ON 

Numeric keypad • 

Numeric keypad + 

Numeric keypad -

Numeric keypad . 

Numeric keypad / 

Finally, although most keyboards have 12 function keys, Windows requires only 10 
but has numeric identifiers for 24. Again, programs generally use the function keys as 
keyboard accelerators so they usually don't process the keystrokes in this table: 

WINUSER.H IBM-Compatible 
Decimal Hex Identifier Required? Keyboard 

112-121 70-79 VK_Fl through ✓ Function keys Fl 
VK_Fl0 through FlO 

122-135 7A-87 VK_Fl 1 tl1rough Function keys Fl l 
VK_F24 through F24 

144 90 VK_NUMLOCK Num Lock 

145 91 VK_SCROLL Scroll Lock 

Some other virtual key codes are defined, but they are reserved for keys specific to 
nonstandard keyboards or for keys most commonly found on mainframe terminals. Check 
/Platform. SDK/User Interface Services/User Input/ Virtual-Key Codes for a complete list. 

The /Param Information 

In the four keystroke messages (WM_KEYDOWN, WM_KEYUP, WM_SYSKEYDOWN, and 
WM_SYSKEYUP), the wParam message parameter contains the virtual key code as described 
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above, and the lParam message parameter contains other information useful in understanding 
the keystroke. The 32 bits of lParam are divided into six fields as shown in Figure 6-1. 

Extended Key Flag 

I 
[31 307"29Tusl21·26J2sT24 23 . . . p6f1s1 • •• Jooj 

l l L Context Code T16-Bit Repeat 
Previous Key State Count 

Transition State 8-Bit OEM 
Scan Code 

Figure 6-1. The six keystroke-message.fields of tbe !Param variable. 

Repeat Count 
The repeat count is the number of keystrokes represented by the message. In most cases, 
this will be set to 1. However, if a key is held down and your window procedure is not 
fast enough to process key-down messages at the typematic rate (which you can set in the 
Keyboard applet in the Control Panel), Windows combines several WM_KEYDOWN or 
WM_SYSKEYDOWN messages into a single message and increases the Repeat Count field 
accordingly. The Repeat Count is always 1 for a WM_KEYUP or WM_SYSKEYUP message. 

Because a Repeat Count greater than 1 indicates that typematic keystrokes are oc­
curring faster than your program can process them, you may want to ignore the Repeat 
Count when processing the keyboard messages. Almost everyone has had the experience 
of "overscrolling" a word-processing document or spreadsheet because extra keystrokes 
have accumulated. If your program ignores the Repeat Count in cases where your program 
spends some time processing each keystroke, you can e liminate this problem. However, 
in other cases you will want to use the Repeat Count. You may want to try using the pro­
grams both ways and see which feels the most natural. 

OEM Scan Code 
The OEM Scan Code is the code generated by the hardware of the keyboard. This is famil­
iar to middle-aged assembly language programmers as the value obtained from the ROM BIOS 
services of PC compatibles. (OEM refers to the Original Equipment Manufacturer of the PC 
and in this context is synonymous with "IBM Standard.") We don't need this stuff anymore. 
Windows programs can almost always ignore the OEM Scan Code except when dependent 
on the physical layout of the keyboard, such as the KBMIDI program in Chapter 22. 

Extended Key Flag 
The Extended Key Flag is 1 if the keystroke results from one of the additional keys on the 
IBM enhanced keyboard. (The enhanced keyboard has 101 or 102 keys. Function keys 
are across the top. Cursor movement keys are separate from the numeric keypad, but 
the numeric keypad also duplicates the cursor movement keys.) This flag is set to 1 for 
the Alt and Ctrl keys at the right of the keyboard, the cursor movement keys (including 
Insert and Delete) that are not part of the numeric keypad, the slash (/) and Enter keys 
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on the numeric keypad, and the Num Lock key. Windows programs generally ignore the 
Extended Key Flag. 

Context Code 
The Context Code is 1 if the Alt key is depressed during the keystroke. This bit will always 
be 1 for the WM_SYSKEYUP and WM_SYSKEYDOWN messages and O for the WM_KEYUP 
and WM_KEYDOWN messages, with two exceptions: 

■ If the active window is minimized, it does not have the input focus. All key­
strokes generate WM_SYSKEYUP and WM_SYSKEYDOWN messages. If the Alt 
key is not pressed, the Context Code field is set to 0. Windows uses WM_SYS­
KEYUP and WM_SYSKEYDOWN messages so that a minimized active window 
doesn't process these keystrokes. 

■ On some foreign-language keyboards, ce1tain characters are generated by com­
bining Shift, Ctrl, or Alt with another key. In these cases, the Context Code is 
set to 1 but the messages are not system keystroke messages. 

Previous Key State 
The Previous Key State is O if the key was previously up and 1 if the key was previously 
down. It is always set to 1 for a WM_KEYUP or WM_SYSKEYUP message, but it can be 0 
or 1 for a WM_KEYDOWN or WM_SYSKEYDOWN message. A 1 indicates second and 
subsequent messages that are the result of typematic repeats. 

Transition State 
The Transition State is O if the key is being pressed and 1 if the key is being released. The 
field is set to O for a WM_KEYDOWN or WM_SYSKEYDOWN message and to 1 for a 
WM_KEYUP or WM_SYSKEYUP message, 

Shift States 

When you process a keystroke message, you may need to know whether any of the shift 
keys (Shift, Ctrl, and Alt) or toggle keys (Caps Lock, Num Lock, and Scroll Lock) are pressed. 
You can obtain this information by calling the GetKeyState function. For instance: 

iState = GetKeyState (VK_SHIFT) ; 

The iState variable will be negative (that is, the high bit is set) if the Shift key is down. The 
value returned from 

iState = GetKeyState (VK_CAPITAL) ; 

has the low bit set if the Caps Lock key is toggled on. This bit will agree with the little light 
on the keyboard. 

Generally, you'll use GetKeyState with the virtual key codes VK_SHIFT, VK_CONTROL, 
and VK_MENU (which you'll recall indicates the Alt key). You can also use the following 
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identifiers with GetKeyState to determine if the left or right Shift, Ctr!, or Alt keys are pressed: 
VK_LSHIFT, VK_RSHIFT, VK_LCONTROL, VK_RCONTROL, VK_LMENU, VK_RMENU. These 
identifiers are used only with GetKeyState and GetAsyncKeyState (described below). 

You can also obtain the state of the mouse buttons using the virtual key codes VK_ 
LBUTTON, VK_RBUTTON, and VK_MBUTTON. However, most Windows programs that 
need to monitor a combination of mouse buttons and keystrokes usually do it the other 
way around-by checking keystrokes when they receive a mouse message. In fact, shift­
state information is conveniently included in the mouse messages, as we'll see in the next 
chapter. 

Be careful with GetKeyState. It is not a real-time keyboard status check. Rather, it 
reflects the keyboard status up to and including the current message being processed. For 
the most part, this is exactly what you want. If you need to determine if the user typed 
Shift-Tab, you can call GetKeyState with the VK_SHIFT parameter while processing the 
WM_KEYDOWN message for the Tab key. If the return value of GetKeyState is negative, 
you know that the Shift key was pressed before the Tab key. And it doesn't matter if the 
Shift key has already been released by the time you get around to processing the Tab key. 
You know that the Shift key was down when Tab was pressed. 

GetKeyState does not let you retrieve keyboard information independent of normal 
keyboard messages. For instance, you may feel a need to hold up processing in your 
window procedure until the user presses the Fl function key: 

while (GetKeyState (VK_Fl) >= 0) : I I WRONG ! ! ! 

Don't do it! This is guaranteed to hang your program (unless, of course, the Wl'vI_KEYDOWN 
message for Fl was retrieved from the message queue before you executed the statement). 
If you really need to know the current real-time state of a key, you can use GetAsyncKeyState. 

Using Keystroke Messages 
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A \Vindows program gets information about each and eve1y keystroke that occurs while 
the program is running. This is certainly helpful. However, most Windows programs ig­
nore all but a few keystroke messages. The WM_SYSKEYDOWN and WM_SYSKEYUP 
messages are for Windows system functions , and you don't need to look at them. If you 
process WM_KEYDOWN messages, you can usually also ignore WM_KEYUP messages. 

Windows programs generally use WM_KEYDOWN messages for keystrokes that do 
not generate characters. Although you may think that it's possible to use keystroke mes­
sages in combination with shift-state information to translate keystroke messages into 
characters, don't do it. You'll have problems with non-English keyboards. For example, if 
you get a WM_KEYDOWN message with wParani equal to 0x33, you know the user pressed 
the 3 key. So far, so good. If you use GetKeyState and find out that the Shift key is down, 
you might assume that the user is typing a pound sign (#). Not necessarily. A British user 
is typing another type of pound sign, the one that looks like this: £. 
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The WM_KEYDOWN messages are mosc useful for the cursor movement keys, the 
function keys, Insert, and Delete. However, Insert, Delete, and the function keys often 
appear as menu accelerators. Because Windows translates menu accelerators into menu 
command messages, you don't have to process the keystrokes themselves. 

It was common for pre-Windows applications for MS-DOS to use the function keys 
extensively in combination with the Shift, Ctrl, and Alt keys. You can do something similar 
in your Windows programs (indeed, Microsoft Word uses the function keys extensively as 
command short cuts), but it's not really recommended. If you want to use the function keys, 
they should duplicate menu commands. One objective in Windows is to provide a user 
interface that doesn't require memorization or consultation of complex command charts. 

So, it comes down to this: Most of the time , you will process WM_KEYDOW-N mes­
sages only for cursor movement keys, and sometimes for Insert and Delete. \X'hen you use 
these keys, you can check the Shift-key and Ctrl-key states through GetKeyState. Windows 
programs often use the Shift key in combination with the cursor keys to extend a selec­
tion in (for instance) a word-processing document. The Ctrl key is often used to alter the 
meaning of the cursor key. For example, Ctrl in combination with the Right Arrow key might 
mean to move the cursor one word to the right. 

One of the best ways to determine how co use the keyboard in your application is 
to examine how the keyboard is used in existing popular Windows programs. If you don't 
like those definitions, you are free to do something different. But keep in mind that doing 
so might be detrimental to a user's ability to learn your program quickly. 

Enhancing SYSMETS for the Keyboard 
The three versions of the SYSMETS program in Chapter 4 were written without any knowl­
edge of the keyboard. We were able to scroll the text only by using the mouse on the scroll 
bars. Now that we know how to process keystroke messages, let's add a keyboard inter­
face to the program. This is obviously a job for cursor movement keys. \"X!e'll use most of 
these keys (Home, Encl, Page Up, Page Down, Up Arrow, and Down Arrow) for vertical 
scrolling. The Left Arrow and Right Arrow keys can take care of the less important hori­
zontal scrolling. 

One obvious way to create a keyboard interface is Lo add some WM_KEYDOWN logic 
to the window procedure that parallels and essentially duplicates all the WM_ VSCROLL and 
WM_HSCROLL logic. However, this is unwise, because if w e ever wanted to change the 
scroll bar logic we'd have to make the same changes in WM_KEYDOW'N. 

Wouldn't it be better to simply translate each of these ·wM_KEYDOWN messages into 
an equivalent WM_ VSC!{QLL or WM_HSCROLL message? Then we could perhaps fool 
WndProc into thinking that it's getting a scroll bar message, perhaps by sending a phony 
message to the window procedure. 
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Windows lets you do this. The function is named SendMessage, and it takes the same 
parameters as those passed to the wi ndow procedure: 

SendMessage (hwnd . mess age, wParam, lP aram) : 

When you call Send.Message, \Xlinclows calls the w indow procedure w hose window handle 
is bwnd, passing to it these four function arguments. When the window procedure has 
completed processing the message, Windows returns control to the next statement following 
the Senc!Message call. 'l'he w indow procedure you send the message to could be the same 
window procedure, another window procedure in the same program, or even a window 
procedure in another application. 

Here's how we might use Sendivlessage for processing WM_KEYDOWN codes in the 
SYSMETS program: 

case WM_KEYDOWN : 
switch (1vParam) 
( 

case VK_HOME: 
SendMessage ( hwnd, ~JM_V SCROLL , SB_TOP. 0) 
break : 

case VK_END: 
SendMess age ( hwnd. WM_VSCROLL . SB_BOTTOM. 0) 
brea k ; 

case VK_PR IOR: 
SendMessage (hwnd, WM_VSCRO LL, SB_PAGEUP, 0) 

break ; 

And so forth. You get the general idea. Our goal was to add a keyboard interface co the 
scroll bars, and that's exactly what we've clone. We've made the cursor movement keys 
duplicate scroll bar logic by actually sending the window procedure a scroll bar message. 
Now you can see w hy T included SB_TOP and SB_BOTTOM processing for WM_ VSCROLI. 
messages in the SYSMETS3 program. IL wasn't used then, but it's used now for processing 
the Home and Encl keys. The SYSMETS4 program, shown in Figure 6-2, incorporates these 
changes. You 'll also need Lhe SYSMETS.H file from Chapter 4 lo compile this program. 

SYSMETS4.C 

f * - ------ - - - -- --- --- -- --- -- - - - --- -- - -- --------- --- -- - -
SYSMETS4.C -- Syst em Metrics Display Prog ram No. 4 

(cl Charles Petzold . 1998 
· ---------- ------ --- ------ --- -- ---------- ----- ---- --•! 

#in clud e <windows .h> 
ii i nc 1 ude "sys met s . h" 

Figure 6-2. The SYSMETS4 program. 
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LRESULT CALLBACK WndProc (HWND, UINT, WPARAM. LPARAM) ; 

int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance, 
PSTR szCmdLine, int iCmdShow) 

{ 

) 

static TCHAR szAppName[J = TEXT ("SysMets4") 
HWND hwnd ; 
MSG 
WNDCLASS 

msg ; 
wndclass 

wndclass.style 
wndclass.lpfnWndProc 
wndclass.cbClsExtra 
wndclass.cbWndExtra 
wndclass.hlnstance 
wndclass.hicon 
wndclass.hCursor 
wndclass.hbrBackground 

= CS HREDRAW I CS_VREDRAW 
= WndProc 
= 0 ; 
= 0 ; 
= hinstance 

Loadlcon (NULL, IDI_APPLICATION) ; 
= LoadCursor (NULL, IDC_ARROW) : 

(HBRUSH) GetStockObject (WHITE_BRUSH) 
= NULL ; wndclass.lpszMenuName 

wndclass.lpszClassName = szAppName 

if (!RegisterClass (&wndclass)) 
{ 

MessageBox (NULL, TEXT ("Program requires Windows NT!") , 
szAppName, MB_ICONERROR) : 

return 0 ; 

hwnd CreateWindow (szAppName, TEXT ("Get System Metrics No. 4''), 
WS_OVERLAPPEDWINDOW J WS_VSCROLL I WS_HSCROL L, 
CW_USEDEFAULT, CW_USEDEFAULT. 
CW_USEDEFAULT, CW_USEDEFAULT, 
NULL, NULL, hlnstance. NULL) ; 

ShowWindow (hwnd, iCmdShow) 
UpdateWindow (hwnd) ; 

while (GetMessage (&msg, NULL, 0, 0)) 
{ 

} 

TranslateMessage (&msg) ; 
DispatchMessage (&msg) : 

return msg.wParam ; 

(conti11uecl) 
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Figure 6-2. co11tinued 

LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam, LPARAM lP aram) 
{ 
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static int 
HOC 

cxChar . cxCaps, cyChar. cxC l ient, cyCl ient. iMax~Jidth 
hdc : 

int i. x. y, iV ertPos, iHorzPos, iPaintBeg, iPaintEnd ; 
PAINTSTRUCT ps ; 
SCROLLINFO si ; 
TCHAR szBuffer[10J 
TE XTMETRI C tm : 

switch (message) 
{ 

case \~M_CREATE: 
hdc = GetDC (hwnd) ; 

GetTextMetrics (hdc. &tm) : 
t m.tmAveCharWidth ; cxChar = 

cxCaps = 
cyChar 

(tm. tmPitchAndFamily & 1? 3 : 2) * cxChar / 2 
tm.tmHeight + tm.tmExterna l Leading 

Releas eDC (hwn d, hdc ) ; 

// Save t he width of the three columns 

iMaxWidth = 40 • cxChar + 22 * cxCaps : 
return 0 

case WM_SIZE: 
cxClient LOWORD (lParam) 
cyClient = HIWORD (lPa ram ) 

// Set vertical scroll bar range and page size 

si .cbSize = sizeof (si) 
s i . fMas k SIF_RANGE J SIF_PAGE 
si .nMin = 0; 
si .nMax NUMLINES - 1 ; 
si .nPage = cyClient / cyChar 
SetScrollinfo (hwnd, SB_VERT . &s i, TRUE) : 

II Set hor izontal scrol l bar range and page size 

si.cbS i ze ;;;: sizeof ( s i) 

si . fMas k SI F_RANGE I S1F_PAGE 
si. nMin = 0 ; 

si . nMa x = 2 + i Max\~ i dth I exChar 
si.nPage = cxCli ent I cxChar : 



SetScrollinfo (hwnd, SB_HORZ. &si, TRUE) 
return 0 : 

case WM_VSCROLL: 
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// Get all the vertical scroll bar information 

si.cbSize = sizeof (s i ) 
si .fMask = SIF_ALL; 
GetScrollinfo (hwnd. SB_VERT, &si) ; 

// Save the position for comparison later on 

iVer tPos = si .nPos ; 

switch CLOWORD (wParam)) 
{ 

case SB_TOP : 
si .nPos = si .nMin 
break : 

case SB_BOTTOM: 
si .nPos = si .nMax 
break ; 

case SB_ LI NEU P: 
si.nPos -= 1 
break ; 

case SB LINEDOWN: 
s i .nPos += 1 
brea k ; 

case SB_PAGEUP: 
si .nPos - = si .nPage 
break ; 

case SB_PAGEDOWN: 
s i .nPos += si .nPage 
break : 

case SB_THUMBTRACK: 
si. nPos = si . nTrackPos 
break 

default: 
break 

} 

(continued) 
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Figure 6-2. continued 
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II Set the position and then retrieve i t. Due to adjustments 
II by Windows it mig ht not be the same as the va l ue set. 

si.fMask = SIF_PDS ; 
SetScrolllnfo Chwnd, SB_VERT, &si, TRUE) 
GetScrollinfo (hwnd, SB_VERT, &si) 

II If the position has changed , scroll t he window and update it 

i f (si .nPos !:a iVertpos) 
{ 

) 

Scroll Window (hwnd, 0 , cyChar ,) (iVertPos - si .nPos ) , 
NULL. NULL) 

UpdateWindow (hwnd) 

ret urn 0 ; 

case WM_HSCROLL: 
II Get all the vertical scroll bar informat i on 

s i . cbSi ze 
si.fMask == 

sizeof (si) 
SIF_ALL ; 

II Save the position for comparison later on 

GetScroll info (hwnd, SB_HO RZ . &si) : 
i HorzPos = si . nPos ; 

swi tch (LOWORD (wParam)) 
f 
case SB_LINELEFT: 

si. nPos -cc 1 
break : 

case SB_LI NER IGHT: 
s i .nPos += 1 : 
break ; 

case SB_PAGELEFT: 
si .nPos -= si . nPage 
break ; 

case SB_PAGERIGHT: 
s i . nPos += si . nPage 
break ; 
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case SB_THUMBPOSITION: 
si .nPos = si .nTrackPos 
break 

default: 
break 

} 

// Set the position and then retrieve it. Due to adj ustments 
// by Windows i t might not be the same as the value set. 

s i .fMask = SIF_POS ; 
SetScroll Info (hwnd, SB_HORZ, &si, TRUE ) 
GetScrollinfo (hwnd, SB_HORZ, &si) 

// If the position has changed. scrol l the window 

if (si.nPos != iHorzPos) 
{ 

ScrollWindow (hwnd, cxChar * (iHorzPos - si .n Pos ) , 0, 
NULL, NULL) ; 

} 

return 0 ; 

case WM_KEY DOWN: 
switch (wParam) 
{ 

case VK_HOME: 
SendMessage (hwnd , WM_VSCROLL, SB_TOP, 0) 
break : 

case VK_END: 
SendMessage Chwnd, WM_VSCROLL, SB_BOTTOM, 
break ; 

case VK_PRIOR: 
SendMessage (hwnd, WM_VSCROLL, SB_PAGEUP, 
break ; 

case VK_NEXT: 

0) 

0) 

SendMessage (hwnd. WM_VSCROLL, SB_PAGEDOWN, 
break ; 

case V K_UP: 
SendMessage (hwnd, WM_VSC ROLL, SB_LINEUP, 0) 
break ; 

0) 

(continuecO 
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Figure 6-2. conti1111ed 
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case VK_DOWN : 
SendMessage (hwnd, WM_VSCROLL . SB_LINEDOWN , 0) 
break ; 

case VK_LE FT: 
SendMessage (hwnd. WM_HSCROLL, SB_PAGEUP , 0) 
break : 

case VK_RIGHT: 

} 

SendMessage (hwnd , WM_HSCROLL. SB_PAGEDOWN . 0) 
break 

return 0 ; 

case WM_PAINT: 
hdc = BeginPaint (hwnd, &ps) ; 

// Get vert i cal scrol l bar position 

si .cbSize = s i zeof (si) ; 
si .fMask = SIF_POS ; 
GetScrol l lnfo (hwnd , SB_VERT. &si) 
iVertPos = si . nPos : 

// Get horizontal scroll bar position 

GetScrolllnfo (hwnd, SB_HORZ, &si) ; 
iHorzPos = si .nPos : 

// Find pa i nting li mits 

i PaintBeg = max (0, iVertPos + ps.rcPaint . top / cyChar) 
iPaintEnd = min (NUMLINES 1. 

iVertPos + ps.rcPai nt.bot tom / cyChar ) 

for ( i = iPaintBeg ; 
{ 

<= iP aintEnd ; i++ ) 

x = cxChar (1 - i HorzPos) 
y = cyChar ~ Ci - iVertPos) 

TextOut (hdc, x, y, 
sysmet ricsLiJ.szLabel, 
l strlen (sysmetrics[i].szlabel)) 

TextOut (hdc, x + 22 ~ cxCaps , y, 
sysmetrics[i ] . s zDesc. 
lstr l en (sysmetrics[iJ.szDesc)) 
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SetTextAlign (hdc, TA_RIGHT / TA_TOP) : 

TextOut (hdc, x + 22 * cxCaps + 40 * cxChar, y, szBuffer. 
wsprintf (szBuffer. TEXT ("%5d"), 

GetSystemMetrics (sysmetrics[i].ilndex))) 

SetTextAlign (hdc, TA_LEFT / TA_TOP) ; 
) 

EndPaint (hwnd, &ps) 
return 0 

case WM_DESTROY: 
PostQuitMessage (0) 
return 0 : 

return DefWindowProc (hwnd, message, wParam , l Param) 

C HARACTER MESSAGES 
Earlier in this chapter, I discussed the idea of translating keystroke messages into charac­
ter messages by taking shift-state information into account. I warned you that shift-state 
information is not enough: you also need to know about country-dependent keyboard 
configurations. For this reason, you should not attempt to translate keystroke messages into 
character codes yourself. Instead, Windows does it for you. You've seen this code before: 

while (GetMessage (&msg, NULL, 0, 0)) 
{ 

} 

TranslateMessage (&msg) ; 
DispatchMessage (&msg) ; 

This is a typical message loop that appears in WinMain. The GetMessage function fills in 
the msg structure fields with the next message from the queue. DispatchMessage calls the 
appropriate window procedure with this message. 

Between these two functions is TranslateMessage, which takes on the responsibility 
of translating keystroke messages to character messages. If the keystroke message is 
WM_KEYDOWN or WM_SYSKEYDOWN, and if the keystroke in combination with the shift 
state produces a character, TranslateMessage places a character message in the message 
queue. This character message will be the next message that GetMessage retrieves from the 
queue after the keystroke message. 
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The Four Character Messages 

There are four character messages: 
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Characters Dead Characters 

Nonsystem Characters: WM_CHAR WM_DEADCHAR 

System Characters: WM_SYSCHAR WM_SYSDEADCHAR 

The WM_ CHAR and WM_DEADCHAR messages are derived from WM_K.EYDOWN messages. 
The WM_SYSCHAR and WM_SYSDEADCHAR messages are derived from WM_SYSKEY­
DOWN messages. (I'll discuss what a dead character is shortly.) 

Here's the good news: In most cases, your Windows program can process the WM_ 
CHAR message while ignoring the other three character messages. The lParam parameter 
that accompanies the four character messages is the same as the !Param parameter for the 
keystroke message that generated the character code message. However, the wParani 
parameter is not a virtual key code. Instead, it is an ANSI or Unicode character code. 

These character messages are the first messages we've encountered that deliver text 
to the window procedure. They're not the only ones. Other messages are accompanied 
by entire zero-terminated text strings. How does the window procedure know whether 
this character data is 8-bit ANSI or 16-bit Unicode? It's simple: Any window procedure 
associated with a window class that you register with RegisterClassA (the ANSI version 
of RegisterClass) gets messages that contain ANSI character codes. Messages to window 
procedures that were registered with RegisterClassW (the wide-character version of 
RegisterClass) come with Unicode character codes. If your program registers its window 
class using RegisterClass, that's really RegisterClassW if the UNICODE identifier was de­
fined and RegisterClassA otherwise. 

Unless you're explicitly doing mixed coding of ANSI and Unicode functions and 
window procedures, the character code delivered with the WM_CHAR message (and the 
three other character messages) is 

(TCHAR) wParam 

The same window procedure might be used with two window classes, one registered 
with RegisterClassA and the other registered with RegisterClassW. This means that the 
window procedure might get some messages with ANSI character codes and some mes­
sages with Unicode character codes. If your window procedure needs help to sort things 
out, it can call 

fUnicode = IsWindowUnicode (hwnd) : 

The fUnicode variable will be TRUE if the window procedure for hwnd gets Unicode 
messages, which means the window is based on a window class that was registered with 
RegisterClass iv 
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Message Ordering 

Because the character messages are generated by the TranslateMessage function from 
WM_KEYDOWN and WM_SYSKEYDOWN messages, the character messages are delivered 
to your window procedure sandwiched between keystroke messages. For instance, if Caps 
Lock is not toggled on and you press and release the A key, the window procedure receives 
the following three messages: 

Message 

WM_KEYDOWN 

WM_CHAR 

WM_KEYUP 

Key or Code 

Virtual key code for 'A' (0x41) 

Character code for 'a' (0x61) 

Virtual key code for 'A' (0x41) 

If you type an uppercase A by pressing the Shift key, pressing the A key, releasing the A 
key, and then releasing the Shift key, the window procedure receives five messages: 

Message 

WM_KEYDOWN 

WM_KEYDOWN 

WM_CHAR 

WM_KEYUP 

WM_KEYUP 

Key or Code 

Virtual key code VK_SHIFT (0xl0) 

Virtual key code for 'A' (0x41) 

Character code for 'A' (0x41) 

Virtual key code for 'A' (0x41) 

Virtual key code VK_SHIFT (0xl0) 

The Shift key by itself does not generate a character message. 
If you hold down the A key so that the typematic action generates keystrokes, you'll 

get a character message for each WM_KEYDOWN message: 

Message 

WM_KEYDOWN 

WM_CHAR 

WM_KEYDOWN 

WM_CHAR 

WM_KEYDOWN 

WM_CHAR 

WM_KEYDOWN 

WM_CHAR 

WM_KEYUP 

Key or Code 

Virtual key code for 'A' (0x41) 

Character code for 'a' (0x61) 

Virtual key code for 'A' (0x41) 

Character code for 'a' (0x61) 

Virtual key code for 'A' (0x41) 

Character code for 'a' (0x61) 

Virtual key code for 'A' (0x41) 

Character code for 'a' (0x61) 

Virtual key code for 'A' (0x41) 
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If some of the WM_KEYDOWI\ messages have a Repeat Count greater than 1, the corre­
spomling WM_CHAR message \Vill have the same Repeat Count. 

The Ctrl Key in combination with a letter key generates ASCII control characters from 
Ox0l (Ctrl-A) through 0xlA (Ctrl-Z). Several of these control codes are also generated by 
the keys shown in the following table: 

Key Cbaracler Code Duplicated by ANSI C Escape 

Bacbpac:e Ox08 Orl-H \ b 

Tab Ox09 Ctrl-I \t 

Ctrl-F.nter OxOA Orl-J \ n 

Enler OxOD Ctrl-M \ r 

Esc Oxll3 Ctrl-[ 

The right.most column shows the escape code defined in ANSI C to represent the character 
codes for these keys. 

\X'indows programs .sometimes use the Ctrl key in combination with letter keys for 
menu accelerators (which I'll discuss in Chapter 10). In this case, the letter keys are not 
translated into character messages. 

Control Character Processing 

234 

The basic rule for processing keystroke and character messages is this: If you need to read 
keyboard character input in your window, you process the WM_ CHAR message. If you need 
to read the cursor keys, function keys, Delete, Tnsert, Shift, Ctrl, and Alt, you process the 
WM_KEYDOWN message. 

But what about the Tab key? Or Enter or Backspace or Escape? Traditionally, these 
keys generate ASCII control characters, as shown in the preceding table. But in \Vindows 
they also generate virtual key codes. Should these keys be processed during \X'M_CHAR 

processing or WM_KFYDOW':;\l processing? 
After a decade of considering this issue (and looking back over Windows code I've 

written over the years), I seem to prefer treating the Tab, Enter, Backspace, and Escape 
keys as control characters rather than as virtual keys. My WM_CHAR processing often looks 
something like this: 

case l~M_CHAR: 
[other progr am lines] 
switch ( wParam) 
{ 

case ' \ b': II backsp ace 
[oth e r program line 
break ; 
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case I\ t I: II tab 
[other program ]jnes] 
break 

case I\ n I: II linefeed 
[other program lines] 
break 

case I\ r I : II carriage return 
[other program lines] 
break 

default: II character codes 
[other program lines] 
break 

} 

return 0 ; 

Dead-Character Messages 

Windows programs can usually ignore WM_DEADCHAR and WM_SYSDEADCHAR mes­
sages, but you should definitely know what dead characters are and how they work. 

On some non-U.S. English keyboards, ce1tain keys are defined to add a diacritic to 
a letter. These are called "dead keys" because they don't generate characters by themselves. 
For instance, when a German keyboard is installed, the key that is in the same position as 
the +/ = key on a U.S. keyboard is a dead key for the grave accent(') when shifted and 
the acute accent C) when unshifted. 

When a user presses this dead key, your window procedure receives a WM_DEAD­
CHAR message with wParam equal to ASCII or Unicode code for the diacritic by itself. 
When the user then presses a letter key that can be written with this diacritic (for instance, 
the A key), the window procedure receives a WM_CHAR message where wParam is the 
ANSI code for the letter 'a' with the diacritic. 

Thus, your program does not have to process the WM_DEADCHAR message because 
the WM_CHAR message gives the program all the information it needs. The Windows logic 
even has built-in error handling: If the dead key is followed by a letter that can't take a 
diacritic (such as 's'), the window procedure receives two WM_CHAR messages in a row­
the first with wParam equal to the ASCII code for the diacritic by itself (the same wParam 
value delivered with the WM_DEADCHAR message) and the second with wParam equal 
to the ASCII code for the letter 's'. 

Of course, the best way to get a feel for this is to see it in action. You need to load 
a foreign keyboard that uses dead keys, such as the German keyboard that I described 
earlier. You do this in the Control Panel by selecting Keyboard and then the Language tab. 
Then you need an application that shows you the details of eve1y keyboard message a 
program can receive. That's the KEYVIEWl program coming up next. 
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KEYBOARD MESSAGES AND CHARACTER SETS 
The remaining sample programs in this chapter have flaws. They will not always run cor­
rectly under all versions of Windows. Their flaws are not something I deliberately intro­
duced into the code; indeed, you might never notice them. These problems-I hesitate to 
call them "hugs"-reveal themselves only when switching among certain different keyboard 
languages and layouts, and when running the programs under Far Eastern versions of 
Wine.lows that use multibyte character sets. 

However, the programs will work much better when compiled for llnicode and run 
under Windows NT. This is the promise I made in Chapter 2, and it demonstrates why 
Unicode is so important in simplifying the work involved in i.nternationali7.ation. 

The KEYVIEW1 Program 

The first step in understanding keyboard internationalization issues is to examine the 
contents of the keyboard and character messages that Windows delivers to your window 
procedure. The KEYVIEWl program shown in Figure 6-3 will help. This program displays 
in its client area all the information that Windows sends the window procedure for the eight 
different keyboard messages. 

KEYVIEW1.C 

I ,, - .. - - - - ... - - - - - - - - - - - - . - - - ... - - - - - . .. - - - .. - - . - - .. - - - - - - -

KEYV:EWl.C -- Displays Keyboard and Character Messages 
Cc) Charles Petzold, 1998 

. - - . - - - . - - - . - - - - - ... - - . - - - .... - - - - . - . - - - . - . - - - - ... . - - .. -,, I 

#include <windows.h > 

LRESULT CALLBACK WndProc CHW ND, UINT, WPA RAM, LPARAM) ; 

i nt WI NAP I WinMain (HINSTANC E hlnstance, HINSTANCE hPrevinstance, 
PSTR szCmdlin e . int iCmdShow) 

static TCHAR szAppName[l = TEXT C"KeyViewl") 
HWND hwnd ; 
MSG msg : 
WNDCLASS wndclass 

wndclass.style CS_HREDRAW I CS_VREDRAW 
wndcl ass.lpfnWndProc = WndProc 
wndclass.cbr.ls Extra = 0 ; 

wndclass.cbWndExtra 0 : 
wndclass.hinstance = hi nstance 

Figure 6~3. T7Je KEYV11:,·w1 program. 
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wndclass.h[con 
wndcl ass.hCursor 
wndclass.hbrBackg round 

Loadicon (NULL , lDI_APPLICATIONl ; 
= LoadCurso r ( NU LL , IDC_ARROW ) ; 
= (HBRUSH) GetStockObj ect (WHTTE_BRUSH) 
= NULL ; wndclass.lpszMenu Na me 

wndclas s .lpszClas s Name = szAppName 

if (!Regis te rClass (&wndclass)) 
( 

Mess ageBox (NULL. TEXT ("Th i s program requires Windows NT!" ) , 
szAppName , MB_ICON ER ROR) ; 

return 0 : 

hwnd = CreateWin dow (szAppName. TEXT ("Keyboard Message Viewer /fl"). 
WS_OVERLAPPEDWINOOW, 
CW_U SEOEFAU LT, CW_USEDEFAULT, 
CW_USEOEFAULT, CW_USEDEFAULT. 
NUL L, NULL , hi nstance, NU LL) ; 

ShowWindow (hwnd , iCmdShow) 
UpdateWindow (hwnd) ; 

while (GetMessage (&msg, NULL, 0 , 0)) 
( 

} 

TranslateMessage (&msg) ; 
DispatchMes sage (&msg) : 

return msg.wParam; 

LRESULT CALLBACK WndProc (HWNO hwnd, UINT message, WPARAM wP ara m, LPARAM 1Param) 
{ 

static i nt 
static int 
static PMSG 
static RECT 
sta ti c TCHAR 

cxClientMax, cyClien tM ax , cxClient , cyClient, cxChar . cyChar ; 
cli nesMax, cli nes 
pmsg ; 
rectScroll 
szTop[) TEXT ("Message Key Ch ar " ) 

TE XT ( "Repeat Scan Ext ALT Prev Tran" ) 
stat i c TCHAR szUnd[] = TEXT ( '' _ _ _ .. ) 

TEXT ( " _ _ _______ _ _ " ) 

static TCHAR * szFormat[2J = l 

TE XT ("%-13s %3d %-15s%c%6u %4d %3s %3s %4s %4s") . 
TE XT ("%-13s 0x%04X%ls%c %6 u %4d %3s %3s %4s %4s") 1 : 

(co11ti11ued) 
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Figure 6-3. continued 
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static TCHAR >:.": szYes = 
static TCHAR * szNo = 
s tat ic TCHAR :;: szDown = 

static TCHAR ~- szUp = 

static TCHAR * szMessage 
TEXT 
TEXT 
TEXT 
TEXT 

HOC hdc : 
i, iType : 
ps ; 

TEXT c "Yes" l ; 

TEXT C"No" l : 
TEXT ("Down") 
TEXT ("Up" l 

[) = l 
( "WM_KEYDOl~N") . 
( "WM_CHA R" ) . 
("WM_SYSKEYDOWN"). 
( "WM_SYSCHAR"), 

i nt 
PAINTSTRUCT 
TCHAR 
TEXTMETRIC 

szBuffer[128], szKeyName [32] 
tm ; 

swi tch (message) 
{ 

case WM_CREATE: 
case WM_OISPLAYCHANG E: 

// Get maximum size of client area 

TEXT ("WM_KEYUP" ). 
TEXT ("WM_DEADCHAR"), 
TEXT C"WM_SYSKEYUP" ). 
TEXT ( "WM_SYSDEADCHAR"l 

cxClientMax = GetSystemMetrics (SM_CXMAXIMIZEDl 
cyClientMa x = GetSystemMetrics (SM_CYMAX IMI ZED ) 

// Get charact er size for f i xed-p itch font 

hdc = GetDC (hwnd) 

SelectObject (hdc, GetStockObject (SYSTEM_FIXED_FONT)) 
GetTextMetrics (hdc , &tml : 
cxChar = tm.tmAveCharWidth 
cyChar = t m.tmHe i ght : 

ReleaseDC (hwnd. hdc) : 

// Allocate memory for display lines 

if (pmsg) 
free (pmsg) : 

clinesMax = cyClientMax / cyChar : 
pmsg = mall oc (c l i nesMax a sizeof (MSG)) 
cl ines = 0 ; 

// fall through 

J 
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case WM_SIZE: 

case 
case 
case 
case 
case 
case 
case 
case 

i f (message== WM_SIZE) 
{ 

cxClient = LOWORD (lParam) 
cyClient HIWORD (lParam) 

} 

// Calculate scrol li ng rectangle 

rectScroll . left = 0 ; 
rectScrol l. right = cxCl i ent 
rec t Scro 11 . top = cy Ch a r 
rectScroll .bottom= cyChar * (cyCl ient / cyChar) 

InvalidateRect (hwnd. NULL . TRUE) : 
return 0 ; 

WM_KEYDOWN : 
WM_KEYUP: 
WM_CHAR: 
WM_DEADCHAR: 
WM_SYSKEYDOWN: 
WM_SYSKEYUP: 
WM_SYSCHAR: 
WM_SYSDEADCHAR: 

// Rearrange storage array 

for ( i = cli nesMax - 1 : i > 0 : i - - ) 
{ 

pmsg[i] = pmsg[i - l] 

} 

// Store new message 

pmsg [0J.hwnd = hwnd ; 
pmsg[0].message = message 
pmsg[0].wParam = wParam 
pmsg[0].1Param = lParam; 

clines = min (clines + 1 , c li nesMax) 

// Scroll up the display 

Scroll Window (hwnd, 0. -cyChar, &rectScroll, &rectScroll) ; 

break : I I i.e . . ca 11 DefWi ndowProc so Sys messages work 

{continued) 
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Figure 6-3. continued 

J 
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case WM_PAINT: 
hdc = BeginPaint (hwnd, &ps) ; 

SelectObject (hdc, GetStockObject CSYSTEM_FIXED_FONT)) 
SetBkMode (hdc, TRANSPARENT) ; 
TextOut (hdc, 0, 0, szTop, lst r l en (szTop)) 
TextOut (hdc, 0 , 0. szUnd. lstrlen (szUnd)) 

for ( i = 0 i < min (clines . cyCl ient / cyChar 
{ 

Hype pmsg[i].message -- WM_CHAR 11 
pmsg[iJ.message -- WM_SYSCHAR 1 1 
pmsg[i ] .message - - WM_DEADCHAR 1 1 
pmsg[i].message -- WM_SYSDEADCHAR 

GetKeyNameText ( pmsg[ i J.lParam, szKeyName. 

- 1) i++) 

sizeof (szKeyName) / sizeof (TCHAR)) ; 

TextOut (hdc. 0, (cyClient / cyChar - 1 - i ) * cyChar, szBuffer, 
wsprint f (szBuffer , szFormat [iTypeJ, 

) 

szMessage [pmsg[i] .message - WM_KEYFIRSTJ . 
pmsg[i].wParam , 
(PTSTR) (Hype? TEXT("" ) : szKeyName), 
(TCHAR) (iType? pmsg(i ] .wParam: ' '), 
LOWORD (pmsg [ i ] . lParam), 
HIWORD (pmsg[i].lParam) & 0xFF, 
0x01000000 & pmsg[i].1Param? szYes 
0x20000000 & pmsg[i J .lParam? szYes 
0x40000000 & pmsg[i]. 1Param ? szOown 
0x80000000 & pmsg[i J. lParam? szUp 

szNo. 
szNo, 
szUp , 
szDown)) 

EndPaint (hwnd, &ps) : 
return 0 

case WM_DESTROY: 
PostQuitMessage (0) 
return 0 : 

return DefWindowProc (hwnd. message , wParam. lParam) 

KEYVIEWl displays lhe contents of each keystroke and character message that it 

receives in its window procedure. It saves the messages in an array of MSG structures. 
The size of the array is based on the size of the maximized window size and the fixed-
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pitch system font. If the user resizes the video display while the program is running (in 
which case KEYVIEWl gets a WM_DISPLAYCHANGE message), the array is reallocated. 
KEYVIEWl uses the standard C rnalloc function to allocate memory for this array. 

Figure 6-4 shows the KEYVIEWl display after the word "Windows" has been typed. 
The first column shows the keyboard message. The second column shows the virtual key 
code for keystroke messages followed by the name of the key. This is obtained by using 
the GetKeyNameText function. The third column (labeled "Char") shows the hexadecimal 
character code for character messages followed by the character itself. The remaining six 
columns display the status of the six fields in the !Pararn message parameter. 

ii Keyboard Message Viewer 111 l!lliJE) 
llessaqe fu Char Repeat ~ Ext ALT Prev Tt-an 

\IN KEl'D0\•/1'1 16 Right Shift 1 54 Ho Ho Up Oo\'m 
jlll( KEYDOIIN 87 W 1 17 Ho Ho Up Dm•m 

11111_c11nR OxOllS7 ~/ 1 17 Ho Ho Up Dm,m 

1
WM_KEYUP 87 1-1 1 17 Ho Ho Dol'm Up 
\'II-I KEYUP 16 Right Shift 1 S4 Ho Ho Do1m Up 
l!II_ KEYDOUN 73 I 1 23 Ho Ho Up Do1~n 
111'1 CHOR Ox0069 i 1 23 No No Up Do\'m 
tltCKEYUP 73 I 1 23 Ho Ho Do1,m Up 

1~m_KEYDOWH 78 H 1 49 Ho Ho Up Dol'm 
WH CHAR Ox006E n 1 49 Ho Ho Up Do1,m 1Utf-KEYUP 78 H 1 49 Ho Ho D01,m Up 
1:11rKEYDOUH 68 D 1 32 Ho Ho Up D01~n 
1/11-CIIAR Ox0064 d 1 32 Ho Ho Up Do1,,n 
tlll- KEYUP 68 D 1 32 Ho Ho Do1m Up 
WNKEYDOl•IH 79 0 1 24 Ho No Up Down 
111Cc11nR Ox006F o 1 24 No Ho Up Do1,m 
[t110<EYUP 79 0 1 24 Ho No Do1,m Up 
~11 KEYDO\'IN 87 \•I 1 17 Ho No Up Do1,m 

1
wtCc11AR Ox01l77 1,1 1 17 Ho Ho Up D01,m 
tll1 KEYUP 87 \•/ 1 17 Ho Ho Down Up 
Htt- KEYDOUH 8 3 S 1 31 Ho Ho Up DOl•m 
1u1,tcUAR Ox01l73 s 1 31 Ho Ho Up Dm•m 
11/H= KEYUP 83 S 1 31 Ho Ho Do1~n Up 

Figure 6-4. The KEYVIEWI display. 

To ease the columnar display of this information, KEYVIEWl uses a fixed-pitch font. 
As discussed in the last chapter, this requires calls to GetStockObject and SelectObject: 

SelectObject (hdc, GetStockObject (SYSTEM_FIXE D_FONT)) : 

KEYVIEWl draws a header at the top of the client area identifying the nine columns. The 
text in this column is underlined. Although it's possible to create an underlined font, I took 
a different approach here. I defined two character string variables named szTop (which has 
the text) and szUnd (which has the underlining) and displayed both of them at the same 
position at the top of the window during the WM_PAINT message. Normally, Windows dis­
plays text in an "opaque" mode, meaning that Windows erases the character background area 
while displaying a character. This would cause the second character string (szUnd) to erase 
the first (szTop). To prevent this, switch the device context into the "transparent" mode: 

SetBkMode (hdc. TRANSPARENT ) ; 
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This method of underlining is possible only when using a fixed-pitch font. Otherwise, the 
underline character wouldn't necessarily be the same width as the character the underline 
is to appear under. 

The Foreign-Language Keyboard Problem 

242 

If you're running the American English version of Windows, you can install different key­
board layouts and pretend that you're typing in a foreign language . You install foreign 
language keyboard layouts in the Keyboard applet in the Control Panel. Select the Lan­
guage tab, and click Acid. To see how dead keys work, you might want to install the German 
keyboard. I'll also be discussing the Russian and Greek keyboard layouts, so you might 
want to install those as well. If the Russian and Greek keyboard layouts are not available 
in the list that the Keyboard applet displays, you might need to install multilanguage sup­
port. Select the Acid/ Remove Programs applet from the Control Panel, and choose the 
Windows Setup tab. Make sure the Nlultilanguage Support box is checked. In any case, 
you'll need to have your original Windows CD-ROM handy for these changes. 

After you install other keyboard layouts, you 'll see a blue box with a two-letter code 
in the tray at the right side of the task bar. It'll be "EN" if the default is English. When you 
click on this icon, you get a list of all the installed keyboard layouts. You can change the 
keyboard for the currently active program by clicking on the one you want. This change 
affects only the currently active program. 

Now we're ready to experiment. Compile the KEYVIEWl program without the UNI­
CODE identifier defined. (On this book's companion disc, the non-Unicode version of 
KEYVIEWl is located in the RELEASE subclirecto1y.) Run the program under the Ameri­
can English version of Windows, and type the letters "abcde." The WM_CHAR messages 
are exactly what you expect: the ASCII character codes 0x61, 0x62, 0x63, 0x64, and 0x65 
and the characters a, b, c, cl, and e. 

Now, while still running KEYVIEWl, select the German keyboard layout. Press the 
= key and then a vowel (a, e, i, o, or u). The= key generates a WM_DEADCHAR message, 
and the vowel generates a WM_CHAR message with (respectively) the character codes 0xEl, 
0xE9, 0xED, 0xF3, 0xFA, and the characters a, e, i, 6, and (1. This is how dead keys work. 

Now select the Greek keyboard layout. Type "abcde" and what do you get? You get 
WM_CHAR messages with the character codes 0xEl , 0xE2, 0xFS, 0xE4, 0xE5 , and the 
characters a, a, 0, a, and a. Something doesn't seem to be right here. Shouldn't you be getting 
letters in the Greek alphabet? 

Now switch to the Russian keyboard and again type "abcde." Now you get WM_CHAR 
messages with the character codes 0xF4, 0xE8, 0xFl, 0xE2, and 0xF3, and the characters 
6, e, fl, a, and 6. Again, something is wrong. You should be getting letters in the Cyrillic 
alphabet. 

The problem is this: you have switched the keyboard to generate different character 
codes, but you haven't informed GDI of this switch so that GDI can interpret these char­
acter codes by displaying the proper symbols. 
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If you're ve1y brave, and you have a spare PC to play with, and if you have a Profes­
sional or Universal Subscription to Microsoft Developer Network (MSDN), you might want 
to install (for example) the Greek version of Windows. You can also install the same four 
keyboard layouts (English, Greek, German, and Russian). Now run KEYLOOKl. Switch to 
the English keyboard layout, and type "abcde". You get the ASCII character codes Ox61, 
Ox62, Ox63, Ox64, and Ox65 and the characters a, b, c, d, and e. (And you can breathe a 
sigh of relief that ASCII still works, even in Greece.) 

Under this Greek version of Windows, switch to the Greek keyboard layout and type 
"abcde." You get WM_CHAR messages with the character codes OxEl, OxE2, OxFS, OxE4, 
and OxE5. These are the same character codes you got under the English version of Win­
dows with the Greek keyboard layout installed. But now the displayed characters are a, 
~' '-If, 8, and £ . These are indeed the lowercase Greek letters alpha, beta, psi, delta, and 
epsilon. (What happened to gamma? Well, if you were using the Greek version of Win­
dows for real, you'd probably be using a keyboard with Greek letters on the keycaps. The 
key corresponding to the English c happens to be a psi. The gamma is generated by the key 
corresponding to the English g. You can see the complete Greek keyboard layout on 
page 587 of Nadine Kano's Developing International Software for Windows 95 and Win­
dows NT. 

Still nmning KEYVIEWl under the Greek version of Windows, switch to the German 
keyboard layout. Type the = key followed by a, then e, then i, then o, and then u. You 
get WM_CHAR messages with the character codes OxEl, OxE9, OxED, OxF3, and OxFA. These 
are the same character codes as under the English version of Windows with the German 
keyboard installed. However, the displayed characters are a , t, v, cr, and t, not the correct 
a, e, f, 6, and u. 

Now switch to the Russian keyboard and type "abcde. " You get the character codes 
OxF4, OxES, OxFl, OxE2, and OxF3, which are the same as under the English version of 
Windows with the Russian keyboard installed. However, the displayed characters are 1:, 

0, p, ~' and cr, not letters in the Cyrillic alphabet. 
You can also install the Russian version of Windows. As you may have guessed by 

now, the English and Russian keyboard layouts will work, but not the German or Greek. 
Now, if you're really, really brave, you can install the Japanese version of Windows 

and run KEYVIEWl. If you type at your American keyboard, you can enter English text 
and everything will seem to work fine. However, if you switch to the German, Greek, or 
Russian keyboard layouts and try any of the exercises described above, you'll see the 
characters displayed as dots . If you type capital letters-either accented German letters, 
Greek letters, or Russian letters-you'll see the characters rendered as katakana, which is 
the Japanese alphabet generally used to spell words from other languages. You may have 
fun typing katakana, but it's not German, Greek, or Russian. 

The Far East versions of Windows include a utility called the Input Method Editor 
(IME) that appears as a floating toolbar. This utility lets you use the normal keyboard for 
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entering ideographs, which are the complex characters used in Chinese, Japanese, and 
Korean. Basically, you type combinations of letters and the composed S)lmbols appear in 
another floating window. You then press Enter and the resultant character codes are sent 
to the active window (that is, KEYVIEWl). KEYVIEWl responds with almost total non­
sense-the WM_CHAR messages have character codes above 128, but the characters are 
meaningless. (Nadine Kano's book has much more information on using the IME.) 

So, we've seen a couple examples of KEYLOOKl displaying incorrect characters­
when running the English version of Windows with the Russian or Greek keyboard lay­
outs instal1ed, when running the Greek version of Windows with the Russian or German 
keyboard layouts installed, and when running the Russian version of Windows with the 
German, Russian, or Greek keyboards installed. We've also seen errors when entering 
characters from the Input Method Editor in the Japanese version of Windows. 

Character Sets and Fonts 
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The problem with KEYLOOKl is a font problem. The font that it's using to display char­
acLers on the screen is inconsistent with the character codes it's receiving from the key­
board. So, let's take a look at some fonts. 

As I'll discuss in more detail in Chapter 17, Windows supports three types of fonts­
bitmap fonts, vector fonts, and (beginning in \Vindows 3.1) TrneType fonts. 

The vector fonts are virtually obsolete. The characters in these fonts were composed 
of simple lines, but these lines clicl not define filled areas. The vector fonts had the ben­
efit of being scalable to any size, but the characters often looked anemic. 

TrueType fonts are outline fonts w ith characters defined by filled areas. TrneType fonts 
are scalable; indeed the character definitions contain "hints" for avoiding rounding prob­
lems that could result in unsightly or unreadable text. It is with TrneType that Windows 
achieves a true \XTYST\X'YG ("what you see is what you get") display of text on the video 
display that accurately matches prinrcr output. 

In bitmap fonts , each character is defined by an array of bits that correspond to the 
pixels of the video display. Bitmaps fonts can be scalable to larger sizes, but they look jagged 
as a resulr. Bitmap fonts are often tweaked by their designers to be more easily readable 
on the video display. Thus, \Vine.lows uses bitmap fonts for the text that appears in title 
bars , menus, buttons, and dialog boxes. 

The bitmap font that you get in a default device context is known as the system font. 
You can obtain a handle to this font by calling the CetStockOhject function with the iden­
tifier SYSTEM_FONT The KEYVIEWl program elects to use a fixed-pitch version of the 
system font, denoted by SYSTEM_FIXED_FONT. Another alternative in the GetStockObject 
function is OEM_FIXED_FONT. 

These three fonts have typeface names of (respectively) System, FixedSys, and Ter­
minal. A program can use the typeface name to refer to the font in a CreateF'ont or Create-
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Fontlndirect function call. These three fonts are stored in two sets of three files in the 
FONTS subdirecto1y of the Windows directory. The particular set of files that Windows 
uses depends on whether you've elected to display "Small Fonts" or "Large Fonts" in the 
Display applet of the Control Panel (that is, whether you want Windows to assume that 
the video display has a 96 dpi resolution or a 120 dpi resolution). This is all summarized 
in the following table: 

GetStockObject Typeface Small Font Large Font 
Identifier Name File File 

SYSTEM_FONT System VGASYS.FON 8514SYS.FO::"J 

SYSTEM_FIXED _FONT FixedSys VGAFIX.FON 8514FIX.FON 

OE7'vl_FIXEO _FONT Terminal VGA OEM.FON 85140EivJ.FON 

In the file names, "VGA" refers to the Video Graphics Array, the video adapter that 
IBJVI introduced in 1987. It was IBM's first PC video adapter to have a pixel display size of 
640 by 480. If you select Small Fonts from the Display applet in the Control Panel (mean­
ing that you want Windows to assume that the video display has a resolution of 96 dpi), 
Windows uses the filenames beginning with "VGA" for these three fonts. If you select Large 
Fonts (meaning that you want a resolution of 120 dpi), Windows uses lhe filenames be­
ginning with "8514." The 8514 was another video adapter that IBM introduced in 1987, and 
it had a maximum display size of 1024 by 768. 

\X7indows does not want you to see these files . The files have the system and hidden 
file attributes set, and if you use the Windows Explorer to view the contents of your FONTS 
subdirecto1y, you won't see them at all, even if you've elected to view system and hidden 
files. Use the Find option from the Tools menu to search for files with a specification of *.FON. 
From there, you can double-click the filename to see what the font characters look like. 

For many standard controls and user interface items, Windows doesn't use the Sys­
tem font. Instead, it uses a font with the typeface name MS Sans Serif. (MS stands for 
Microsoft.) This is also a bitmap font. The file (named SSERIFE.FON) contains fonts based 
on a 96-dpi video display, with point sizes of 8 , 10, 12, 14, 18, and 24. You can get this 
font by using the DEFAULT_GUI_FONT identifier in GetStockObject. The point size Win­
dows uses will be based on the display resolution you've selected in the Display applet 
of the Control Panel. 

So far, I've mentioned four of the identifiers you can use with GetStockObject to obtain 
a font for use in a device context. There are three others: ANSI_FIXED_FONT, ANSI_ VAR_ 
FONT, and DEVlCE_DEfAULT_FONT. To begin approaching the problem of the keyboard 
and character displays, let's take a look at all the stock fonts in Windows. The program 
that displays the fonts is named STOKFONT and is shown in Figure 6-5 beginning on the 
following page. 
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STOKFONT.C 

/*-----------------------------------------
STOKFONT.C -- Stock Font Objects 

(c) Charles Petzold, 1998 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*I 

#include <windows.h> 

LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM) ; 

int WINAPI WinMain (HINSTANCE hlnstance. HINSTANCE hPrevlnstance, 
PSTR szCmdLine, int iCmdShow) 

{ 

static TCHAR szAppName[J = TEXT ("StokFont") 
HWND hwnd ; 
MSG msg ; 
WNDCLASS wndclas s 

wndclass.style 
wndclass.lpfnWndProc 
wndclass.cbClsExtra 
wndclass.cbWndExtra 
wndclass.hlnstance 
wndclass.hlcon 
wndclass.hCursor 
wndclass.hbrBackground 

= CS_HREDRAW I CS_VREDRAW 
= WndProc 
= 0 ; 
= 0 ; 
= hlnstance 
= Loadlcon (NULL. IDLAPPLICATION) ; 
= LoadCursor (NULL, IDC_ARROW) ; 

(HBRUSH) GetStockObject (WHITE_BRUSH) 
= NULL ; wndclass.lpszMenuName 

wndclass .lpszClassNa me = szAppName 

if (!RegisterClass (&wndclass)) 
{ 

} 

MessageBox (NULL. TEXT ("Program requires Windows NT!"), 
szAppName. MB_ICONERROR) ; 

return 0 ; 

hwnd = CreateWindow (szAppName, TEXT ("Stock Fonts" ) , 
WS_OVERLAPPEDWINDOW I WS_VSCROLL, 
CW_USEDEFAULT, CW_USEDEFAULT, 
CW_USEDEFAULT, CW_USEDEFAULT, 
NULL, NULL. h Instance, NULL) ; 

ShowWindow (hwnd, iCmdShow) 
UpdateWindow (hwnd) ; 

Figure 6-5. The STOKFONT program. 
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while (GetMessage (&msg, NULL, 0, 0)) 
{ 

} 

TranslateMessage (&msg) ; 
OispatchMessage (&msg) ; 

return msg.wParam ; 

LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam, LPARAM lParam) 
{ 

static struct 
{ 

} 

int idStockFont 
TCHAR * szStockFont 

stockfont [] = { OEM_FIXED_FONT, 
ANSLFIXED_FONT, 
ANSI_VAR__FONT, 
SYSTEM_FONT, 
DEVICE_OEFAULT_FONT, 
SYSTEM_FIXED_FONT, 
DEFAULT_GUI _FONT, 

"OEM_FIXED_FONT", 
"ANSLFIXED_FONT", 
"ANSLVAR_FONT", 
"SYSTEM_FONT", 
"DEVICE_DEFAULT_FONT", 
"SYSTEM_FIXED_FONT". 
"DEFAULT_GULFONT" } ; 

static int 
HOC 

iFont, cFonts = sizeof stockfont / sizeof stockfont[0] 
hdc ; 

int i, x, y, cxGrid, cyGrid ; 
PAINTSTRUCT ps ; 
TCHAR szFaceName [LF_FACESIZEJ, szBuffer [LF_FACESIZE + 64] 
TEXTMETRIC tm ; 

switch (message) 
{ 

case WM_CREATE: 
SetScrollRange (hwnd, SB_VERT, 0, cFonts - 1, TRUE) 
return 0 ; 

case WM_DISPLAYCHANGE: 
InvalidateRect (hwnd, NULL, TRUE) 
return 0 ; 

case WM_VSCROLL: 
switch (LOWORD (wParam)) 
{ 

case SB_TOP: 
case SB_BOTTOM: 
case SB_LINEUP: 

iFont = 0 ; 
iFont = cFonts - 1 

break 
break 

(continued) 
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Figure 6-5. continued 
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case SB_PAGEUP: 
case SB_LINEDOWN: 

i Font 1 

case SB_PAGEDOWN: iFont += 1 
case SB_THUMBPOSITION: iFont = HIWORD (wParam) 
} 

iFont = max (0, min (cFonts - 1, iFont)) ; 
SetScrol l Pos ( hwnd. SB_VERT. i Font, TRUE) ; 
InvalidateRect (hwnd, NULL, TRUE) : 
return 0 ; 

case WM_KEYDOWN: 
switch (wParam) 
{ 

break 

break 
break 

case VK_HOME: SendMessage (hwnd, WM_VSCRDLL, SB_TOP. 0) 
case VK_END: SendMessage (hwnd, WM_VSCRDLL. SB_BOTTOM, 0) 
case VK_PRIOR: 
case VK_LEFT: 
case VK_UP: 
case VK_NEXT: 
case VK_RIGHT: 

SendMessage (hwnd, WM_VSCROLL, SB_LINEUP, 0) 

case VK_DOWN: SendMessage (hwnd, WM_VSCROLL, SB_PAGEDDWN, 0) 
t 
return 0 ; 

case WM_PAINT: 
hdc = BeginPaint (hwnd, &ps) : 

break 
break 

break 

break 

SelectObject (hdc, GetStockObject (stockfont[iFontJ.idStockFont)) 
GetTextFace (hdc, LF_FACESIZE, szFaceName) ; 
GetTextMetrics (hdc, &tm) : 
cxGrid = max (3 8 tm.tmAveCharWidth, 2 ~ tm.tmMaxCharWidth) 
cyGrid = tm.tmHeight + 3 ; 

TextOut (hdc. 0, 0, szBuffer, 
wsprintf (szBuffer, TEXT(" %s: Face Name %s, CharSet %i"), 

stockfont[iFont].szStockFont. 
szFaceName, tm.tmCharSet)) 

SetTextAlign (hdc, TA_TOP I TA_CENTER) 

// vertical and horizontal lines 
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for ( ; = 0 ; i < 17 ; i++) 
{ 

MoveToEx (hdc , ( i + 2) :_:! cxGrid , 2 * cyGrid, NULL) 
Linero (hdc, ( i + 2) * cxGrid , 19 :!< cyGrid) 

MoveToEx Chdc, cxGrid, (i + 3) * cyGrid, NULL) 
LineTo (hdc. 18 ~ cxGrid. (i + 3) * cyGrid) 

// vertical and horizontal headings 

for (i = 0 ; i < 16 ; i++) 
{ 

TextOut (hdc , (2 * i + 5) * cxGrid / 2. 2 * cyGrid + 2, szBuffer, 
wsprintf (szBuffer. TEXT ( " %X - "), i )) : 

TextOut (hdc , 3 * cxGrid / 2, (i + 3) * cyGrid + 2. szBuffer. 
wspri ntf ( szBuffer . TEXT ( " - %X " ). i )) ; 

// characters 

for (y = 0 
for Cx = 0 
{ 

y < 16 
X ( 16 

y++) 
x++ ) 

} 

TextOut (hdc , (2 * x + 5) * cxGrid / 2 , 
(y + 3) * cyGrid + 2. szBuffer, 

wsprintf (szBuffer, TEXT ("%c"), 16 * x + y)) 

EndPaint Chwnd. &ps) 
return 0 

case WM_DESTROY: 

} 

PostQuitMessage (0) 
return 0 ; 

return DefWindowProc (hwnd. message. wParam. lParam ) 

This program is fairly simple. It uses the scroll bar and cursor movement keys to let 
you select one of the seven stock fonts to display. The program displays the 256 charac­
ters of the font in a grid. The headings at the top and left of the grid show the hexadeci­
mal values of the character codes. 
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At the top of the client area, STOKFONT shows the identifier it uses to select the font 
using the GetStockOhject function. It also displays the typeface name of the font obtained 
from the GetTextFace function and the tniCbarSet field of the TEXTMETRIC strncture. This 
"character set identifier" turns out to be crucial in understanding how Windows deals with 
foreign-language versions of Windows. 

If you run STOKFONT under the American English version of Windows, the first 
screen you'll see shows you the font obtained by using the OEM_FIXED_FONT identifier 
with the GetStockObject function. This is shown in Figure 6-6. 

Iii Stock Fonts l!!ll!Jl'!I 
OB1..JltK1lD...POHT: Pac,c Ha!'le • Tcrninal. Chat•Set • 255 
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Figure 6-6. The OEM_FIXED_FONT in the U.S. version ~l Windows. 

In this character set (as in all the others in this chapter), you'll see some ASCII. But 
remember that ASCII is a 7-bit code that defines displayable characters for codes 0x20 
through 0x7E. By the time IBM developed the original IBM PC the 8-bit byte had been 
firmly established, so a full 8 bits could be used for character codes. IBM decided to 
extend the ASCII character set with a bunch of line- and block-drawing characters , ac­
cented letters, Greek letters, math symbols, and some miscellany. Many character-mode 
MS-DOS programs used the line-drawing characters in their on-screen displays, and many 
MS-DOS programs used some of the extended characters in their files. 

This particular character set posed a problem for the original developers of Windows. 
On the one hand, the line- and block-drawing characters are not needed in Windows be­
cause Windows has a complete graphics programming language. The 48 codes used for 
these characters could better be used for additional accented letters required by many West­
ern European languages. On the other hand, the IBM character set was definitely a stan­
dard that couldn't be ignored completely. 

So, the original developers of Windows decided to support the IBM character set but 
to relegate it to secondaiy importance-mostly for old MS-DOS applications that ran in a 
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window and for \X'indows programs that needed to use files created by MS-DOS applica­
tioni,. Windows applications do not use the IBM character set, and over the years it has 
faded in irnpo1tance. Still, however, if you need it you can use it. In this context, "OEM" 
means "IBM." 

(Be aware that foreign-language versions of Windows do not necessarily support the 
same OEM character set as the American English version does. Other countries had their 
own MS-DOS character sets . That's a whole subject in itself, but not one for this book.) 

Because the IBM character set was deemed inappropriate for Windows, a different 
extended character set was selected. This is called the ''ANSI character set," referring to 
the American National Standards Institute, but it's actually an ISO (International Standards 
Organization) standard, namely standard 8859. It's also known as Latin 1, Western Euro­
pean, or code page 1252. Figure 6-7 shows one version of the ANSI character set-the 
system font in the American English version of Windows. 

] SYSTEM_FONT: Face Name= System, CharSet = o 
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Figure 6-7. The SYSTEivl_FONTin the U.S. version of Windows. 

The thick vertical bars indicate codes for which characters are not defined. Notice 
that codes 0x20 through 0x7E are once again ASCII. Also, the ASCH control characters 
(0x00 through OxlF, and 0x7F) are not associated with displayable characters. This is as 
it should be. 

251 



SECTION I THE BASICS 

252 

The codes 0xC0 through 0xFF make the ANSI character set important to foreign­
language versions of \Xlindows. These codes provide 64 characters commonly found in 
\\7estern European languages. The character Ox.AO, which looks like a space, is actually 
defined as a nonbreaking space, such as the space in ''WW II. " 

I say this is "one version" of the ANSI character set because of the presence of the 
characrers for codes 0x80 through 0x9F. The fixed-pitch system font includes only tvv'o of 
these characters, as shown in Figure 6-8. 

SYSTEM_FI XED FONT : Face Narue Fixedsys , CharSet = 0 • 

0 - 1 - 2- 3- l.j- s- 6- 7- 8 - 9- A- B- c- o- E- F-
-0 I I 0 @ p ' p I I 0 A 0 a ~ -, I I ! 1 A a a q I ' i. ± A N a Fi 
-2 I • .. 2 B R b r I ¢ 2 A 0 a () 

- 3 I I II 3 C s C s I I £ 3 A 0 a 6 
-1.j • I $ If 0 T d t • I I1. 

, 
A 6 a 0 

- 5 I I % 5 E u e, u I I !i! µ ri 0 0 a 0 
-G I I & 6 F u f IJ I I ' 11 JE 0 ie 0 • 
- 7 ■ ■ 7 G w g w I I § . r; X 9 + 
-8 I I ( 8 H X h X I I 

.. E lil e • fiJ . 
-9 I I ) 9 I y i LI I I © 1 E IJ e u 
-A I I )( : j z j z I I 2 2 E (j e u 
-B I I + : K [ k { I I « » E 0 e a 
-c I I 

' < L \ l I I I ~ ~ i (j i (j _J 
-o I I I - : M ] m } I I - x I y i y 
-E I I > N 

.... ~ I I ® % I p i p n 
-F I I I ? 0 - 0 I I I - t B 1 y l 

..:J 
Figure 6-8. The SYSTEM_FIXED_FONT in the US, version ~/' Wtndo1us. 

In Unicode, codes 0x0000 through 0x007F are the same as ASCII, codes 0x0080 
through 0x009F duplicate control characters 0x0000 through 0x00lF, and codes Ox00A0 
through 0x00FF are the same as the A:\JSI character set used in Windows. 

If you nm the German version of Windows, you'll gel the same ANSI character sets 
when you call GetStockObject w ith the SYSTEM_FON1' or SYSTEM_FIXED_FONT identifi­
ers. This is true of other Western European versions of Windows as well. The ANSI char­
acler set v,,1as designed to have all the characters that are required in these languages. 

However, when you rnn the Greek version of Windows, the default character set is 
not the same . Instead, the SYSTEM_FONT is that shown in Figure 6-9. 
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ii Sloci< Fonlo ll!!llfil£i 
I SYSTEM_FONT: Face Name = System, CharSet = 161 

0- T- 2- 3- 4- 5- 6- 7- 8- 9- A- B- C- D- E- F-
-0 I 0 @ p . p I I . T n 0 n 
-1 I I 1 A Q a Q I 

, ~ ± A p a p 
-2 I " 2 B R b r I 

, 
)I>. • B . 13 s 
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-4 $ 4 D T d t I ~ b, T 6 T 

-5 ¼ 5 E u e u I ¥ µ E y E u 
-6 & 6 F V f V I I 1 z (IJ { (j) 

·1 7 G w Q w I § H X 17 X 
_J 

·6 ( 8 H X h X I - 1: e lj) 8 lj) 

-9 l 9 I y I y I © H I Q I w 
-A .. : J z I z I 8 , K T K y 

-B + : K [ k { I « » I\ V n u 
-C < L I I I I - 'O M <i u 6 
-D - .. M l m } I - ½ N E V li 
-E > N . n - I ® y r'J I w -
-F I ? 0 0 I I n 0 I 0 . 

Figure 6-9. The SYSTEM_FONT in the Greek version of Windows. 

The SYSTEM_FIXED_FONT has the same characters. Notice the codes from 0xC0 through 
0xFF. These codes contain uppercase and lowercase letters from the Greek alphabet. When 
you're running the Russian version of Windows, the default character set is shown in Fig­
ure 6-10. 

ii Stock Fant• ll!([i!EJ 
I SYSTEM_FONT: Face Name = System, CharSet = 204 

0- 1- 2- 3- 4- 5- 6- 7- 8- 9- A- B- c- 0 - E- F-
-0 r., r., 0 @ p . p r., ~ 
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-2 r., T., II 2 B R b r s, I B T B T , 
-3 l;, li, # 3 C s C s r - J I r !:I r y 
-4 li, T., s 4 0 T d t - )I 

' ll cp A ¢, --5 li, T., % 5 E u e u ~ r µ E X e X 

-6 T., T., & 6 F V f V t - I 1 )K I.! )IC I\ 
-7 T., r., . 7 G w g w t - § 3 4 3 'I 

_J 
-8 r., T., ( 8 H X h X I I E e 11 w H w 
-9 T., T., I ll I y I V %o ,M © N• H lll ii IJ.l 
-A T., T., ... : J z I z fb /b € £ K b K 1, 

-B r., T., + : K I k ( < > « » n bl II bl 

-c li, T., . < L \ I I lb lb - I M b H b 

-0 r., l;, - = M I m } K I( . s H 3 H 3 

-E r., T., > N . n - ,; Jj ® s 0 IO 0 IO 

-F T., T., I ? 0 0 I 1,1 IJ l ·,· n .R n ll 

Figure 6-10. The SYSTEM_FONT in the Russian version of Windows. 

Again, notice that uppercase and lowercase letters of the Cyrillic alphabet occupy codes 
0xC0 and 0xFF. 

Figure 6-11 on the following page shows the SYSTEM_FONT from the Japanese ver­
sion of Windows. The characters from 0xA5 through 0xDF are all part of the katakana 
alphabet. 
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I ~Mi·l,\i I SVSTEM_FONT: FaCB Name = System, CharSet = 128 
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Figure 6-11. 17Je SYSTEM_FONT in tbe Japanese version of Windows. 

The Japanese system font shown in Figure 6-11 is different from those shown previ­
ously because it is actually a double-byte character set (DBCS) called Shift-JIS. QIS stands 
for Japanese Industrial Standard.) Most of the character codes from 0x81 through 0x9F and 
from 0xE0 through 0xFF are really just the first byte of a 2-byte code. The second byte is 
usually in the range 0x40 through 0xFC. (See Appendix G in Nadine Kano's book for a 
complete table of these codes.) 

So now we can see where the problem is in KEYVIEWl: If you have the Greek 
keyboard layout installed and you type "abcde," regardless of the version of Windows you're 
running, Windows generates WM_CHAR messages with the character codes 0xEl, 0xE2, 
OxFS, 0xE4, and 0xE5. But these character codes w ill correspond to the characters a, ~' \jf, 

8, and £ only if you're running the Greek version of Windows with the Greek system font. 
If you have the Russian keyboard layout installed and you type "abcde," regardless 

of the version of Windows you 're running, Windows generates WM_ CHAR messages with 
the character codes 0xF4, 0xE8, OxFl, 0xE2, and OxF3. But these character codes will cor­
respond to the characters cp, H, c, B, and y only if you're running the Russian version of 
Windows or another language that uses the Cyrillic alphabet, and you're using the Cyrillic 
system font. 

If you have the German keyboard layout installed and you type the= key (or the key 
in that same position) followed by the a, e , i, o, or u key, regardless of the version of 
lVindows you 're running, Windows generates WM_CHAR messages with the character 
codes 0xEl, OxE9, 0xED, 0xF3, and 0xFA. Only if you 're running a Western European or 
American version of Windows, which means that you have the Western European system 
font, will these character codes correspond to the characters a, e, f, 6, or (1. 
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If you have the American English keyboard layout installed, you can type anything 
on your keyboard and Windows will generate WM_ CHAR messages with character codes 
that correctly match to the proper characters. 

What About Unicode? 
I claimed in Chapter 2 that Unicode support in Windows NT helps out in writing programs 
for an international market. Let's try compiling KEYVIEWl with the UNICODE identifier 
defined and running it under various versions of Windows NT. (On this book's companion 
disc, the Unicode version of KEYVIEWl is located in the DEBUG directory.) 

If the UNICODE identifier is defined when the program is compiled, the "KeyViewl " 
window class is registered with the RegisterClass W rather than the RegisterClassA function . 
This means that any message delivered to WndProc that has character or text data will use 
16-bit characters rather than 8-bit characters. In particular, the WM_CHAR message will 
deliver a 16-bit character code rather than an 8-bit character code. 

Run the Unicode version of KEYVIEWl under the American English version of Win­
dows NT. I'll assume you've installed at least the other three keyboard layouts we've been 
experimenting with-that is, German, Greek, and Russian. 

With the American English version of Windows NT and either the English or German 
keyboard layout installed, the Unicode version of KEYVIEWl will appear to work the same 
as the non-Unicode version. It will receive the same character codes (all of which will be 
0xFF or lower in value) and display the same correct characters. This is because the first 
256 characters of Unicode are the same as the ANSI character set used in Windows. 

Now switch to the Greek keyboard layout, and type "abcde." The WM_CHAR mes­
sages will have the Unicode character codes 0x03Bl, 0x03B2, 0x03C8, 0x03B4, and 0x03B5. 
Note that for the first time we're seeing character codes with values higher than 0xFF. These 
Unicode character codes correspond to the Greek letters a, ~' \j/, 8, and c. However, all 
five characters are displayed as solid blocks! This is because the SYSTEM_FIXED_FONT 
only has 256 characters. 

Now switch to the Russian keyboard layout, and type "abcde." KEYVIEWl displays 
WM_CHAR messages with the Unicode character codes 0x0444, 0x0438, 0x0441, 0x0432, 
and 0x0443, corresponding to the Cyrillic characters cp, H, c, B, and y. Once again, how­
ever, all five characters are displayed as solid blocks. 

In short, where the non-Unicode version of KEYVIEWl displayed incorrect charac­
ters, the Unicode version of KEYVIEWl displays solid blocks, indicating that the current 
font does not have that particular character. I hesitate to say that the Unicode version of 
KEYVIEWl represents an "improvement" over the non-Unicode version, but it does. The 
non-Unicode version displays characters that are not correct. The Unicode version does not. 

The differences between the Unicode and non-Unicode versions of KEYVIEWl are 
mostly in two areas. 

First, the WM_CHAR message is accompanied by a 16-bit character code rather than 
an 8-bit character code. The 8-bit character code in the non-Unicode version of KEYVIEWl 
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could have different meanings depending what keyboard layout is active. /\ code of 0xEl 
could mean a if iL came from the German keyboard, a if it came from the Greek keyboard, 
and 6 if it came from the Russian keyboard. In the Unicode version of the program, the 
16-bit character code is totally unambiguous. The a character is OxO0El, the a character is 
0x03B1 , and the 6 character is 0x0431. 

Second, the Cnicode TextOutW function displays characters based on 16-bit charac­
ter codes rather than on the 8-bit character codes of the non-Unicode TextOutA function. 
Because these 16-bit character codes are toLally unambiguous, GDI can determine whether 
the font currently selected in the device context is capable of displaying each character. 

l{unning the Unicode version of KEYVIEWl under the American version of Win­
dows NT is somewhat deceptive, because it appears as if GDI is simply displaying char­
acter codes in the range Ox0000 through Ox00FF and not those above 0x00FF. That is , it 
appears as if there's a simple one-to-one mapping between the character codes and the 
256 characters of the system font. 

However, if you install the Greek or Russian versions of Windows NT, you'll discover 
that this is noc the case. For example, if you install the Greek version of Windows NT, the 
American English, German, Greek, and Russian keyboards will generate the same Unicode 
character codes as the American version of Windows NT However, the Greek version of 
\Vine.lows NT will not display German-accented characters or Russian characters because 
these characters are not in the Greek system font. Similarly, the Rllssian version of Win­
dows KT will noc display the German-accented characters or Greek characters because these 
characters are not in the Russian system font. 

Where the Unicode version of KEYVIEWl makes the most dramatic difference is under 
the Japanese version of Windows :ff. You enter Japanese characters from the IME and they 
display correctly. The only problem is formatting: because the Japanese characters are often 
visually complex, they are displayed twice as wide as other characters. 

TrueType and Big Fonts 

256 

The bitmap fonts that we've been using (with the exception of the fonts in the Japanese 
version of Windows) contain a maximum of 256 characters. This is to be expected, because 
the format of the bitmap font file goes back to the early days of Windows when character 
codes were assumed to be mere 8-bit values. That's why when we use the SYSTEM_FONT 
or the SYSTEM_FIXED_FONT, there are always some characters from some languages that 
we can't display properly. (The Japanese system font is a bit different because it's a double­
byte character set; most of the characters are actually stored in TrueType Collection files 
with a filename extension of . TCC.) 

TrueType fonts can contain more than 256 characters. Not all TrueType font.s have 
more than 256 characters, but the ones shipped with Windows 98 and Windows KT do. 
Or rather, they do if you've installed multilanguage support. In the Add/ Remove Programs 
applet of the Control Panel, click the Windows Setup tab and make sure Multilanguage 
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Support is checked. This multilanguage support involves five character sets: Baltic, Cen­
tral European, Cyrillic, Greek, and Turkish. The Baltic character set is used for Estonian, 
Latvian, and Lithuanian. The Central European character set is used for Albanian, Czech, 
Croatian, Hungarian, Polish, Romanian, Slovak, and Slovenian. The Cyrillic character set 
is used for Bulgarian, Belarusian, Russian, Serbian, and Ukrainian. 

The TrueType fonts shipped with Windows 98 support those five character sets, plus 
the Western European (ANSI) character set that is used for virtually all other languages 
except those in the Far East (Chinese, Japanese, and Korean). TmeType fonts that support 
multiple character sets are sometimes referred to as "big fonts." The word "big" in this 
context does not refer to the size of the characters, but to their quantity. 

You can take advantage of big fonts even in a non-Unicode program, which means 
that you can use big fonts to display characters in several different alphabets. However, 
you need to go beyond the GetStockObject function in obtaining a font to select into a device 
context. 

The functions CreateFont and CreateFontlndirect create a logical font, similar to the 
way CreatePen creates a logical pen and CreateBrush creates a logical brush. CreateFont 
has 14 arguments that describe the font you want to create. CreateFontlndirect has one 
argument, but that argument is a pointer to a LOGFONT structure, which has 14 fields that 
correspond to the arguments of the CreateFont function. I'll discuss these functions in more 
detail in Chapter 17. For now, we'll look at the CreateFont function, but we'll focus on only 
a couple arguments. All the other arguments can be set to zero. 

If you need a fixed-pitch font (as we've been using for the KEYVIEWl program), set 
the thirteenth argument to CreateFont to FIXED_PITCH. If you need a font of a nondefault 
character set (as we will be needing), set the ninth argument to CreateFont to something 
called the "character set ID." This character set ID will be one of the following values defined 
in WINGDI.H. I've added comments that indicate the code pages associated with these 
character sets: 

ffdefi ne ANSI_CHARSET 
#define OEFAULT_CHARSET 
#define SYMBOL_CHARSET 
#define MACCHARSET 
//define SHIFTJIS_CHARSET 
/{define HANGEUL_CHARSET 
#define HANGUL_CHARSET 
ffdefi ne JOHAB_CHARSET 
ifdefine GB2312_CHARSET 
/fdefi ne CHINESEBIG5_CHARSET 
#define GREEK_CHARSET 
ffdefi ne TURKISH_CHARSET 
/fdefi ne VIETNAMESE_CHARSET 
#define HEBREW_CHARSET 
#define ARABICCHARSET 

0 
1 
2 
77 
128 
129 
129 
130 
134 
136 
161 
162 
163 
177 
178 

II 1252 Latin 1 (ANSI) 

II 932 (DBCS, Japanese) 
II 949 (OBCS, Korean) 
I I " 
II 1361 (DBCS, Korean) 
II 936 (DBCS, Simplified Chinese) 
II 950 (DBCS, Traditional Chinese) 
II 1253 Greek 
II 1254 Latin 5 (Turkish) 
II 1258 Vietnamese 
II 1255 Hebrew 
II 1256 Arabic 

(continued) 
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#define BALTI(_CHARSET 186 II 1257 Baltic Rim 
//define RUSSIAN_CHARSET 204 II 1251 Cyrillic (Slavic) 
#define THALCHARSET 222 II 874 Thai 
#define EASTEUROPE_CHARSET 238 II 1250 Latin 2 (Central Europe) 
#define OEM_CHARSET 255 II Depends on country 

Why does Windows have two different numbers-a character set ID and a code page 
ID-to refer to the same character sets? It's just one of the confusing quirks in Windows. 
Notice that the character set ID requires only 1 byte of storage, which is the size of the 
character set field in the LOGFONT strncture. (Back in the Windows 1.0 days, memory and 
storage space were limited and every byte counted.) Notice that many different MS-DOS 
code pages are used in other countries, but only one character set ID-OEM_CHARSET­
is used to refer to the MS-DOS character set. 

You'll also notice that these character set values agree with the "CharSet" value shown 
on the top line of the STOKFONT program. In the American English version of Windows, 
we saw stock fonts that had character set IDs of O (ANSI_CHARSET) and 255 (OEM_CHAR­
SET). We saw 161 (GREEK_CHARSET) in the Greek version of Windows, 204 (RUSSIAN_ 
CHARSET) in the Russian version, and 128 (SHIFTJIS_CHARSET) in the Japanese version. 

In the code above, DBCS stands for double-byte character set, which is used in the 
Far East versions of Windows. Other versions of Windows do not support DBCS fonts, so 
you can't use those character set IDs. 

CreateFont returns an HFONT value-a handle to a logical font. You can select this 
font into a device context using SelectObject. You must eventually delete every logical font 
you create by calling DeLeteObject. 

The other part of the big font solution is the WM_INPUTLANGCHANGE message. 
Whenever you change the keyboard layout using the popup menu in the desktop tray, 
Windows sends your w indow procedure the WM_INPUTLANGCHANGE message. The 
wParani message parameter is the character set ID of the new keyboard layout. 

The KEYVIEW2 program shown in Figure 6-12 implements logic to change the font 
whenever the keyboard layout changes. 

KEYVIEW2.C 

, ~- ------ -· ---- -- -------- --- ----- -=-----------------------
KEYVIEW2.C - - Displays Keyboard and Character Messages 

(c) Charles Petzold, 1998 
------ ------- ---- -- ----- -- -------------- ---------- --- ---•I 

#include <windows.h> 

LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM) 

Figure 6-12. 17Je KEYVIEW2 program. 
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in t WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance, 
PSTR szCmdLine, in t iCmdShow) 

l 

static TCHAR szAppName[J = TEXT ("KeyView2" ) 
HWND hwnd : 
MSG 
WNDCLASS 

msg : 
wndclass 

wndclass.style 
wndclass.lpfnWndProc 
wndclass.cbClsExtra 
wndclass.cbWndExtra 
wndclass.hlnstance 
wndclass.hicon 
wndclass.hCursor 
wndclass.hbrBackground 

= CS_HREDRAW I CS_VREDRAW 
WndProc 

= 0 ; 
= 0 ; 
= hinstance 
= Loadicon (NULL, IOI_APPLICATION) ; 
= LoadCursor (NULL , IO(_ARROW) . 
= (HBRUSH) GetStockObject (WHI TE_BRUSH) 
=NULL; wndclass.lpszMenuName 

wndclass.lpszClassName = szAppName 

if ( !RegisterClass (&wndclass)) 
( 

} 

MessageBox (NULL. TEXT (''This program requires Windows NT!"). 
szAppName, MB_ICONERROR) ; 

return 0 ; 

hwnd = CreateWindow (szAppName, TEXT ("Keyboard Message Viewer #2"), 
WS_OVERLAPPEDWINDOW, 
CW_USEDEFAULT, CW_USEDEFAULT. 
CW_USEDEFAULT . CW_USEDEFAULT. 
NULL, NUL L. hlnstance , NULLl : 

ShowWindow (hwnd, iCmdShow) 
UpdateWindow (hwnd ) ; 

while (GetMessage C&msg, NULL, 0, 0)) 
{ 

} 

Trans l ateMessage (&msg) ; 
OispatchMessage (&msg) : 

return msg.wParam; 

LRESULT CALLBACK WndProc (HWND hwnd, UINT message, WPARAM wParam , LPARAM lParam ) 

(continued) 

259 



SECTION I THE BASICS 

Figure 6-12. continued 

( 
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static DWORD dwCharSet = DEFAULT_CHARSET : 
static int cxClientMax, cyClientMax. cxClient, cyClient. cxChar, cyChar 
static int clinesMax, clines 
static PMSG pmsg ; 
static RECT rectScroll 
stat ic TCHAR szTop[J TEXT ("Message Key Char ") 

TEXT ( "Repeat Scan Ext ALT Prev Tran" ) 
static TCHA R szUnd[J = TEXT (" __ _ .. ) 

TEXT(" ___ ________ " ) 

static TCHAR szFormat[2] = { 

TEXT ("%-13s %3d %-15s%c%6u %4d %3s %3s %4s %4s " ) . 
TEXT ("%- 13s 0x%04X%ls%c %6u %4d %3s %3s %4s %4s")} 

static 
static 
stati c 
static 

static 

HOC 

TCHAR :;: szYes = 
TCHAR szNo = 
TCHAR ❖ szDown 
TCHAR szUp :: 

TCHAR ,;, szMessage 
TEXT 
TEXT 
TEXT 
TEXT 

hdc ; 
i. iType : 
ps ; 

TEXT ("Yes") : 
TEXT ("No") 
TEXT ("Down") 
TEXT ("Up" ) 

[] = { 

( "WM_KEYDOWN" ), 
( "WM_CHAR"), 
("WM_SYSKEYDOWN"). 
("WM_SYSCHAR"l . 

int 
PAINTSTRUCT 
TCHAR 
TEXTMETRIC 

szBuffer[128]. szKeyName [32] 
tm ; 

switch (message) 
{ 

case WM_INPUTLANGCHANGE; 
dwCharSet = wParam : 

TEXT 
TEXT 
TEXT 
TEXT 

I I fall through 
case WM_CREATE : 
case WM_DISPLAYCHANGE: 

II Get maximum size of client area 

( "WM_KEY UP"). 
( "WM_OEADCHAR" l . 
("WM_SYSKEYUP"), 
("WM_SYSDEADCHAR") 

cxClientMax 
cyClientMax = 

GetSyst emMetrics (SM_CXMAXIMIZED) 
GetSystemMetrics (SM_CYMAXIMI ZED ) 

II Get character size for fixed-pitch font 

) 
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hdc = GetDC (hwnd) 

SelectObject ( hdc. CreateFont (0. 0. 0, 0. 0, 0. 0. 0, 
dwCharSet. 0, 0, 0, FIXED_PITCH , NULL)) 

GetTextMetrics (hdc, &t m) ; 
cxChar = tm.tmAveCharWidth 
cyChar = tm.tmHeight ; 

DeleteObject (SelectObject (hdc. GetStockObject (SYSTEM_FONT))) 
ReleaseDC (hwnd. hdc) : 

// Allocate memory for display lines 

if ( pmsg) 
free (pmsg ) : 

clinesMax = cyClientMax / cyChar ; 
pmsg = mal loc (cl i nesMax * sizeof (MSG )) 
clines = 0 ; 

// fall through 
case WM_SIZE : 

case 
case 
case 
case 
case 

if (message== WM_SIZ E) 
{ 

cxCli ent 
cyClient 

LOWORD (lParam) 
= HIWORD (lParam ) 

} 

// Calcul ate scrolling rectangle 

rectSc ro 11 . 1 eft = 0 ; 

rectScrol l . right = cxCli ent 
rectScrol l. top = cyChar 
rectScroll . bottom = cyC har,. (cyClient 

Inva l idateRe ct (hwnd, NULL, TRUE) ; 

if (mes sa ge -- WM_I NPUTLANGCHANGE) 
return TRUE : 

return 0 ; 

WM_KEYDOWN: 
WM_KEY UP : 
WM_CHAR: 
WM_DEADCHAR : 
WM_SYSKEYDOWN: 

/ cyChar) 

(continued) 
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Figure 6-12. co11tinued 
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case WM_SYSKEYUP: 
case WM_SYSCHAR: 
case WM_SYSDEADCHAR: 

// Rearrange storage array 

f or ( i = clines Max - 1 ; i > 0 : i--) 
{ 

pmsg[i] = pmsg[i - l] 
} 

// Store new message 

pmsg[0] . hwnd = hwnd : 
pmsg[0].message = message 
pmsg[0 ] .wParam wParam 
pmsg[0].1Param = lParam ; 

cl i nes = min (cli nes + 1, c line sMax) 

II Scroll up the display 

Scro ll Wind ow ( hwnd, 0, -cyC har. &rectScroll. &rectScr oll l : 

break ; I I i e. ca ll DefWi ndowPr oc so Sys messages work 

case WM_PAIN T: 
hdc = BeginPaint (hwnd, &ps) : 

SelectObject (hd c , CreateFont (0 , 0, 0, 0, 0 , 0, 0, 0, 
dwCha l'Set , 0, 0, 0, FIXED_PITCH. NULL)) 

SetBkMode ( hd c , TRAN SPARENT) ; 
TextO ut ( hd c , 0, 0, szTo p, l str len (szTop)) 
TextOut (hdc, 0. 0, szUnd. l str l en (szUnd)) 

for ( i = 0 
{ 

i < min (c lines . cyCl i ent / cyChar - 1 ) 

iType = pmsg[i ].messa ge 
pmsg[i] .message 
pmsg[i ].message 
pmsg [i].message 

WM_CHAR 11 
WM_SYSCHAR I I 

- - WM_DEADCHA R I I 

- - WM_SYSDEADCHAR 

GetKeyNameText (pmsg[ i].lParam, szKey Name , 

i++) 

s i zeof (szKeyName) / sizeof (TCHA R) ) : 

TextOu t ( hd c , 0. ( cyCl i ent / cyCha r - 1 - i) ,, cyCha r. szBuffe r, 
wsprintf (s zBuffer, szFo rmat [i TypeJ . 



) 

WM_KEY FIRST] , 

1 

szMessage [pmsg[i].message -

pmsg[i].wParam, 
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CPTSTR) (Hype? TEXT(""): szKeyName). 
(TCHAR) (Hype? pmsg[i].wParam: ' '), 
LOWORD (pmsg[iJ.lParam), 
HIWORD (pmsg[i].lParam) & 0xFF, 
0x01000000 & pmsg[i].lParam? szYes szNo, 
0x20000000 & pmsg[i]. lParam? szYes szNo, 
0x40000000 & pmsg[i].lParam? szDown szUp, 
0x80000000 & pmsg[i] . lParam? szUp szDown)) 

DeleteObject (SelectObject (hdc, GetStockObject (SYSTEM_FONT))) ; 
EndPaint (hwnd. &ps) ; 
return 0 ; 

case WM_DESTROY: 

} 

PostQuitMessage (0) 
return 0 ; 

return DefWindowProc (hwnd. message, wParam, lParam) 

Notice that KEYVIEW2 clears the screen and reallocates its storage space whenever 
the keyboard input language changes. There are two reasons for this: First, because KEY­
VIEW2 isn't being specific about the font it wants, the size of the font characters can change 
when the input language changes. The program needs to recalculate some variables based 
on the new character size. Second, KEYVIEW2 doesn't retain the character set ID in effect 
at the time it receives each character message. Thus, if the keyboard input language changed 
and KEYVIEW2 needed to redraw its client area, all the characters would be displayed with 
the new font. 

I'll discuss fonts and character sets more in Chapter 17. If you'd like to research 
internationalization issues more, you can find documentation at /Plaiform SDK/ Windows 
Base Services/International Features, but much essential information is also located in 
/Platform SDK/Windows Base Services/General Library/String Nlanipulation. 

THE CARET (NOT THE CURSOR) 
When you type text into a program, generally a little underline, vertical bar, or box shows 
you where the next character you type will appear on the screen. You may know this as 
a "cursor," but you 'll have to get out of that habit when programming for Windows. In 
Windows, it's called the "caret." The word "cursor" is rese1ved for the little bitmap image 
that represents the mouse position. 
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The Caret Functions 

26 4 

There arc five essential caret functions: 

■ CreateCaret Creates a carel associated with a window. 

■ SetCaretPos Sets the position of the caret within the window. 

■ SbowCaret Shows the caret. 

■ HideCareL Hides the caret. 

■ DestroyCaret Destroys the caret. 

There are also functions to get the current caret position (GetCaretPos) and to get and set 
the caret blink time (GetCa1-etBlinl?Tinie and SetCaretBtinkTime). 

In Windows, the caret is customarily a horizontal line or box that is the size of a 
character, or a vertical line that is the height of a character. The vertical line caret is rec­
ommended when you use a proportional font such as the Windows default system font. 
Because the characters in a propo1tional font are not of a fixed size, the horizontal line or 
box can't be set to the size of a character. 

If you need a caret in your program, you should not simply create it during the 
WM_CREATE message of your window procedure and destroy it dming the WM_DESTROY 
message. The reason this is not advised is that a message queue can support only one caret. 
Thus, if your program has more than one window, the windows must effectively share the 
same caret. 

This is not as restrictive as it sounds. When you think about it, the display of a caret 
in a window makes sense only when the window has the input focus. Indeed, the exist­
ence of a blinking caret is one of the visual cues that allows a user to recognize that he or 
she may type text into a program. Since only one window has the input focus at any time, 
it doesn't make sense for multiple windows to have carets blinking all at the same time. 

A p10gram can determine if it bas the input focus by processing the WM_SETFOCUS 
and WM_KILLFOCUS messages. As the names imply, a wjndow procedure receives a 
WM_SETFOCUS message when it receives the input focus and a WM_KU.LFOCUS message 
when it loses the input focus. These messages occur in pairs: A window procedure will 
always receive a WM_SETFOCUS message before it receives a WM_KILLFOCUS message, 
and it always receives an equal number of WM_SETFOCUS and \X1M_KILLFOCUS messages 
over the course of the window's lifetime. 

The main rule for using the caret is simple: a window procedure calls CreateCaret during 
the WM_SETFOCUS message and Destroy Window during the WM_KJLLFOCUS message. 

There are a few other rules: The caret is created hidden. After calling CreateCaret, 
the window procedure must call SbowCaret for the caret to be visible. In addition, the 
window procedure must hide the caret by calling HideCaret whenever it draws something 
on its window during a message other than WM_PAlNT. After it finishes drawing on the 
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window, the program calls ShowCaret to display the caret again. The effect of HideCaret 
is additive: if you call HideCaret several times without calling SbuwCaret, you must call 
ShowCaret the same number of times before the caret becomes visible again. 

The TYPER Program 
The TYPER program shown in Figure 6-13 brings together much of what we've learned in 
this chapter. You can think of TYPER as an extremely rudimenta1y text editor. You can type 
in the window, move the cursor (J mean caret) around with the cursor movement keys (or 
are they caret movement keys?), and erase the contents of the window by pressing Escape. 
The contents of the window are a lso erased when you resize the window or change the 
keyboard input language. There's no scrolling, no search and replace, no way to save files, 
no spelling checker, and no anthropomorphous paper clip, but it's a start. 

TYPER.C 

f * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TYPER.C -- Typing Program 
(c) Charl es Petzold, 1998 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*I 

#include <windows .h> 

#define BUFFER(x,y) • CpBuffer + y • cxBuffer + x) 

LRESULT CALLBACK WndProc (HWND. UINT. WPARAM. LPARAM) 

int WINAPI WinMain (H INSTANCE hins t ance. HINSTANCE hPrevlnstance, 
PSTR szCmdLi ne, int iCmdShow) 

( 

static TCHAR szAppName[J = TEXT ("Typer") : 
HWND hwnd ; 
MSG 
WNDCLASS 

msg ; 
wndcl ass 

wndclass.style 
wndclass.lpfnWndProc 
wndclass.cbClsExtra 
wndcl~ss.cbWndExtra 
wndclass. hlnstance 
wndclass.h lcon 
wndclass.hCursor 
wndclass.hbrBackground 
wndclass.lpszMenuName 
wndcl ass .lpszClassName 

Figure 6-13. 1be TYPFR program. 

= CS_HREDRAW 
WndProc 

= 0 : 

= 0 ; 
"'hinstance 

CS VREDRAvJ 

= Load l con (NULL. IDI_APPLI CA TI ON) ; 
= LoadCursor (NUL L. IDC_ARROW) : 
= (HBRUSH) GetStockObject (WH ITE_BRUSH) 

NULL : 
szAppName ; 

(continued) 
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Figure 6-13. co11ti11ued 

} 

if (!RegisterClass (&wndclass)) 
{ 

} 

MessageBox (NULL, TEXT ("This program requ i res Windows NT!" ) , 
szAppName, MB_ ICONERROR) ; 

return 0 ; 

hwnd = CreateWindow (szAppName, TEXT ("Typing Program"), 
WS_OVERLAPPEDWINDOW, 
CW_USEDEFAULT, CW_USEDEFAULT, 
CW_USEDEFAULT, CW_USEDEFAULT, 
NULL, NU LL, hlnstance. NULL) : 

ShowWindow (hwnd, iCmdShow) 
UpdateWindow (hwnd) : 

while (GetMessage (&msg, NULL, 0, 0)) 

{ 

} 

TranslateMessage (&msg) ; 
DispatchMessage (&msg) ; 

return msg.wParam; 

LRESULT CALLBACK WndProc (HWND hwnd. UINT message, WPARAM wPa ram , LPARAM lParam) 
f 

266 

static DWORD 
static int 

dwCharSet = DEFAULT_CHARSET ; 
cxChar, cyChar, cxClient. cyClient. cxBuffer, cyBuff er . 
xCaret, yCaret 

static TCHAR 
HOC 

pBuffer rrnLL : 

int 
PAINTSTRUCT 
TEXTMETRIC 

hdc : 
x. y, 
ps 
tm 

switch (message) 
{ 

case WM_INPUTLANGCHANGE: 
dwCharSet = wParam : 

case WM_CR EA TE: 
hdc = GetDC ( hwnd ) 

// fall through 

SelectObject (hdc, CreateFont (0, 0. 0, 0, 0, 0 . 0, 0, 
dwCharSet, 0, 0 , 0 , FIXED_PITCH, NULL) ) 
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GetTextMetrics (hdc, &tm) ; 
cxChar = tm.tmAveCharWidth 
cyChar = tm.tmHeight : 

DeleteObject (SelectObject (hdc. GetStockOb ject (SYSTEM_FONT))) 
ReleaseDC (hwnd, hdc) ; 

// fall t hrough 
case WM_SIZE: 

// obtain window size in pixels 

if (message== WM_SIZE ) 
( 

cxClient = LOWORD (lPa r am) 
cyClient = HIWORD ( lParam ) 

} 

// calculate window s ize in characters 

cxBuffer 
cyBuffer 

= max (1, cxCl ient / cxChar) 
max (1. cyC li ent / cyChar) 

// allocate memory fo r buffer and clear it 

if (pBuffer != NU LL) 
free (pBuffer) 

pBuffer = (TCHAR •> malloc (cxBuffer * cyBuffer * sizeof CTCHAR)) 

for (y = 0 : y < cyBuffer ; y++) 
for (x = 0 ; x < cxBuffer x++) 

BUFFER(x,y ) = ' ' : 

II set ca ret to upper left co rner 

xCaret = 0 
yCaret 0 

if (hwnd == GetFocus Cl) 
SetCaretPos (xCaret * cxChar. yCaret • cyChar) 

InvalidateRect (hwnd, NULL, TRUE) : 
return 0 ; 

case WM_SETFOCUS: 
II create and show the caret 

(continued) 

267 



SECT ION I THE BASICS 

Figure 6-13. conri11ued 
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CreateCaret (hwnd, NULL, cxChar, cyChar) ; 
SetCaretPos (xCaret * cxChar. yCaret 8 cyCharl 
ShowCaret (hwnd) 
return 0 ; 

case WM_KILLFOCUS : 
// hide and destroy the caret 

HideCaret (hwnd) 
DestroyCaret () : 
return 0 ; 

case WM_KEYDOWN: 
switch (wParam) 
{ 

case VK_HOME: 
xCaret = 0 
break ; 

case VK_END: 
xCaret = cxBuffer - 1 
break ; 

case VK_PRIOR: 
yCaret = 0 
break : 

case VK_NEXT: 
yCaret = cyB uffer - l 
break ; 

case VK_LEFT: 
xCaret = max (xCa rct 
break ; 

case VK_RIGHT: 

- l ' 0 ) 

xCaret = min (xCaret + 1, cxBuffer - 1) 
break ; 

case VK_UP: 
yCaret = max (yC aret • 1, 0) 
break ; 

case VK_DOWN: 
yCaret = min (yCaret + 1, cyBuffer - l l 
break ; 
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case VK_DE LETE: 

} 

for Cx = xCaret : x < cxBuffer - 1 : x++) 
BUFFER (x, yCaret) = BUFf ER (x + 1, yCaret) 

BUFFER (cxBuffer - 1, yCaret) =' ' 

HideCaret (hwnd) 
hdc = GetDC (hwnd) 

SelectObject (hdc, CreateFont (0 , 0 , 0, 0, 0, 0, 0, 0 , 
dwCharSet . 0. 0, 0, FIXED_PITCH. NUL L)) 

TextOut (hdc, xCa ret * cxChar. yCaret • cyChar , 
& BUFFER (xCa ret, yCare t ) . 
cxBuffer - xCaret) ; 

DeleteObject (SelectObject (hdc. GetStockObj ect (SYSTEM_FONT) )) 
Re 1 easeDC ( hwnd, hdc ) 
ShowCaret (hwnd) : 
break : 

SetCaretPos (xCaret • cxCha r, yCaret * cyCharJ 
return 0 

case WM_CHAR: 
for (i = 0 ; i < (int) LOWORD (lPa ram) i++) 
{ 

switch (wPa ram) 
{ 

case • \ b': 
if (xCaret > 0) 

{ 

xCaret -- : 

// backspace 

SendMessage (hwnd, WM_KEY DOWN . VK_D ELETE. 1) 

break 

case '\t': 
do 
{ 

// tab 

SendMessage (hwnd, WM_C HAR , ' ' 1) 
} 

while (xCaret % 8 != 0) 
break 

(continued) 
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Figure 6-13. co111i11ued 
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case '\n': 
if (++yCaret - - cyBuffer) 

yCaret = 0 
break 

case '\r' : 
xCaret = 0 : 

if (++yCaret -- cyBuffer) 
yCaret = 0 

break : 

// line feed 

// carr i age return 

case '\xlB ·: / / escape 
for (y = 0 ; y < cyButfer : y++) 

f or (x = 0 : x < cxBuffer : x++) 
BUF FE R (x , yJ =' '; 

xCaret 0 
yCaret 0 

Invalidat eRect (hwnd, NU LL , FALSE ) 
break 

defa ult: // character codes 
BUFFE R (xCaret . yCaret ) = (TC HARJ wPa r am ; 

HideCaret (hwnd) ; 
hdc = GetDC Chwnd) 

SelectObjer.t ( hdc, CreateFont (0, 0, 0. 0 , 0 . 0, 0 . 0 . 
dwCharSet, 0, 0, 0, FIXED_PITCH , NULL)) 

TextOut (hdc, xCaret * cxChar. yCaret * cyChar. 
& BUFFER (xCaret , yCaret). 1) ; 

DeleteObject ( 
Sel ectObject (hdc, GetStockObject (SYSTEM_FONT) )) 

ReleaseOC (hwnd, hdc) 
ShowCaret (hwn d) ; 

if (++xCaret == cxBuffer ) 
( 

xCaret = 0 
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) 

} 

} 

break 

if (++yCaret == cyBuffer) 
yCaret = 0 

SetCaretPos (xCaret * cxChar, yCaret * cyChar) 
return 0 : 

case WM_PAINT: 
hdc = BeginPaint (hwnd. &ps) : 

SelectObject (hdc, CreateFont (0, 0, 0, 0, 0, 0, 0, 0, 
dwCharSet, 0, 0, 0, FIXEO_PITCH, NULL)) 

for (y = 0 : y < cyBuffer ; y++) 
TextOut Chdc, 0, y * cyChar, & BUFFER(0,y), cxBuffer) : 

DeleteObject (SelectObject (hdc, GetStockObject (SYSTEM_FONT))) 
EndPaint (hwnd, &ps) ; 
return 0 ; 

case WM_DESTROY: 

} 

PostQuitMessage (0) 
return 0 : 

return DefWindowProc (hwnd, message, wParam, lParam) 

To keep things reasonably simple, TYPER uses a fixed-pitch font. Writing a text editor 
for a proportional font is, as you might imagine, much more difficult. The program obtains 
a device context in several places: during the WM_CREATE message, the WM_KEYDOWN 
message, the WM_CHAR message, and the WM_PAINT message. Each time, calls to Get­
StockObject and SelectObject select a fixed-pitch font with the current character set. 

During the WM_SIZE message, TYPER calculates the character width and height of 
the window and saves these values in the variables cxBuffer and cyBiiffer. It then uses 
nialloc to allocate a buffer to hold all the characters that can be typed in the window. Notice 
that the size of this buffer in bytes is the product of cxBiiffer, cyB14Jer, and sizeof(TCHAR), 
which can be 1 or 2 depending on whether the program is compiled for 8-bit character 
processing or Unicode. 

The xCaret and yCaret variables store the character position of the caret. During the 
WM_SETFOCUS message, TYPER calls CreateCaret to create a caret that is the width and 
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height of a character. It then calls SetCaretPos to set the caret position and SbowCaret to 
make the caret visible. During the \XlM_KILLFOCUS message, TYPER calls HideCaret and 
DestruyCaret. 

The \vM_KEYDOWN processing most! y involves the cursor movement keys. Home 
and End send the caret to the beginning and encl of a line, and Page Up and Page Down 
send the caret to the top and hotrorn of the window. The arrow key.s work as you would 
expect. For the Delete key, TYPER must move everything ren-iaining in the buffer from the 
next caret position to the end of the line and then display a blank space at the end of 
the line. 

The WM_CHAR processing handles the Backspace, Tab, Linefeed (Ctrl-Ente r), Enter, 
Escape, and character keys. Notice that I've used Repeat Count in f Param when process­
ing the WM_CIIAR message (under the assumption that every character the user types is 

important) but not during the WM_KEYDO\XIN message (to prevent inadvertent over­
scrolling). The Backspace and Tau processing is simplified somewhat by the use of the 
Send~Hessage function. Backspace i.s emulated by the Delete logic, and Tab is emulated by 
a series of spaces. 

As T mentioned earlier, a program should hide the caret when drawing on the win­
dow during messages other than WM_PAlNT. TYPER does this when processing the WM_ 
KEYDOWN message for the Delete key and the WM_CHAR message for character keys. 
In both these cases, TYPER alters the contents of the buffer and then draws the new char­
acter or characters on the window. 

Although TYPER uses the same logic as KEYVIEW2 to swilch between character sets 
as the user switches keyboard layouts, it does not work quite right for Far Eastern versions 
of Windows. TYPER does not make any allowance for the double-width characters. This 
raises issues that are better covered in Chapter 17, which explores fonts and text output 
in more detail. 




