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PROGRAMMING WINDOWS. If you don’t already have a copy, you need one.”
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“The serious programmer’s guide . . . has been and continues to be Charles Petzold’s
PROGRAMMING WINDOWS, If you want to program Windows applications and
haven’t read this book, you need to do so.”

IEEE Micro

“There are just three books that I regard as crucial texts for serious Windows
programming: First, of course, is the classic PROGRAMMING WINDOWS by

Charles Petzold.”
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“As you are building your library of the best Windows books, you want to make sure

you include the classic—Petzold’s best-selling PROGRAMMING WINDOWS. . ..
PC Techniques

“This remains the classic Windows programming guide.”
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“Just take it as a given—if you’re going to program for Windows, buy this book. It will
pay for itself in a matter of hours.”
Computer Language

“Broad in scope and omitting little, this book is a must for anyone serious about
Windows.”

Byte Magazine
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Chapter 6 The Keyboard

As you'll recall, the MSG structure that a program uses to retrieve messages from the
message queue includes a bwnd 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 particular 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 aclive 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 1o 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 quene. The system message
queue is a single message queue maintained by Windows specifically for the preliminary
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Chapter 6 The Keyhoard

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-Compatible
Decimal Hex Identifier Required? Keyboard
08 VK_BACK v Backspace
9 09 VK_TAB Tab
12 0C VK_CLEAR Numeric keyboard 5 with
Num Lock OFF
13 0D VEK_RETURN 4 Enter (either one)
16 10 VK_SHIFT v Shift (either one)
17 11 VK_CONTROL i Ctrl (either one)
18 12 VK_MENU v Alt (either one)
19 13 VK_PAUSE Pause
20 14 VK_CAPITAL v Caps Lock
27 1B VK_ESCAPE 4 Esc
32 20 VK_SPACE v 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 v Page Up

34 22 VK_NEXT v Page Down

35 23 VK_END v End

36 24 VK_HOME v Home

37 25 VK_LEFT v Left Arrow

38 26 VK_UP v Up Atrow

39 27 VK_RIGHT v Right Arrow

40 28 VE_DOWN v Down Arrow

(continued)
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Chapter 6 The Keyboard

The WM_KEYDOWN messages are most 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_KEYDOWN mes-
sages only for cursor movement keys, and sometimes for Insert and Delete. When you use
these keys, you can check the Shift-key and Clrl-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 to 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. We'll use most of
these keys (Home, End, 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 we ever wanted to change the
scroll bar logic we’d have to make the same changes in WM_KEYDOWN.

Wouldn't it be better to simply translate each of these WM_KEYDOWN messages into
an equivalent WM_VSCROLL 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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Chapter 6 The Keyboard

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 Key or Code
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘a’ (0x61)
WM_KEYUP 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 Key or Code

WM_KEYDOWN Virtual key code VK_SHIFT (0x10)
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘A’ (0x41)
WM_KEYUP Virtual key code for ‘A’ (0x41)
WM_KEYUP Virtual key code VK_SHIFT (0x10)

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 Key or Code
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘a’ (0x61)
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘a’ (0x61)
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘@’ (0x61)
WM_KEYDOWN Virtual key code for ‘A’ (0x41)
WM_CHAR Character code for ‘a’ (0x61)
WM_KEYUP Virtual key code for ‘A’ (0x41)
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case '\t': // tab
[other program lines]
break ;
case '\n': // linefeed
[other program lines]
break ;
case '\r'; // carriage return
[other program lines]
break ;
default: // character codes
[other program lines]
break ;
}
return 9 ;

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, certain 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 (") 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 every keyboard message a
program can receive. That’s the KEYVIEW1 program coming up next.
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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
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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 Add. 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 Add/Remove Programs applet from the Control Panel, and choose the
Windows Setup tab. Make sure the Multilanguage 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 KEYVIEW1 program without the UNI-
CODE identifier defined. (On this book’s companion disc, the non-Unicode version of
KEYVIEW1 is located in the RELEASE subdirectory.) 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, ¢, d, and e.

Now, while still running KEYVIEW1, select the German keyboard layout. Press the
= key and then a vowel (a, e, i, 0, or u). The = key generates a WM_DEADCHAR message,
and the vowel generates a WM_CHAR message with (respectively) the character codes 0xE1,
0xE9, OxED, 0xF3, OxFA, and the characters &, é, i, 6, and 0. This is how dead keys work.

Now select the Greek keyboard layout. Type “abede” and what do you get? You get
WM_CHAR messages with the character codes 0xE1, 0xE2, 0xF8, 0xE4, OxE5, and the
characters 4, 4, @, 4, and 4. 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, OxF1, 0xE2, and 0xF3, and the characters
O, ¢, 0, 4, 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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FontIndirect function call. These three fonts are stored in two sets of three files in the
FONTS subdirectory 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 appler 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.FON
SYSTEM_FIXED _FONT FixedSys VGAFIX.FON 8514FIX.FON

OEM_FIXED_FONT Termingl VGAOEM.FON 83140EM.FON

In the file names, “VGA” refers to the Video Graphics Array, the video adapter that
IBM 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 the 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.

Windows does not want you to sce 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
subdirectory, 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 DEVICE_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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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 KEYVIEW1 with the UNICODE identifier
defined and running it under various versions of Windows NT. (On this book’s companion
disc, the Unicode version of KEYVIEW1 is located in the DEBUG directory.)

If the UNICODE identifier is defined when the program is compiled, the “KeyView1”
window class is registered with the RegisterClassW 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 KEYVIEW1 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 KEYVIEW1 will appear to work the same
as the non-Unicode version. It will receive the same character codes (all of which will be
OxFF 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 “abcede.” The WM_CHAR mes-
sages will have the Unicode character codes 0x03B1, 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 o, B, v, ¢, and €. 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.” KEYVIEW1 displays
WM_CHAR messages with the Unicode character codes 0x0444, 0x0438, 0x0441, 0x0432,
and 0x0443, corresponding to the Cyrillic characters &, u, c, B, and y. Once again, how-
ever, all five characters are displayed as solid blocks.

In short, where the non-Unicode version of KEYVIEW1 displayed incorrect charac-
ters, the Unicode version of KEYVIEW1 displays solid blocks, indicating that the current
font does not have that particular character. I hesitate to say that the Unicode version of
KEYVIEW1 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 KEYVIEW1 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 KEYVIEW1
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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 (ANSD) character set that is used for virtually all other languages
except those in the Far East (Chinese, Japanese, and Korean). TrueType 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 CreateFontIndirect create a logical font, similar to the
way CreatePen creates a logical pen and CreateBrush creates a logical brush. CreateFoni
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 KEYVIEW1 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:

ffdefine ANSI_CHARSET @ // 1252 Latin 1 (ANSI)

#define DEFAULT_CHARSET i|

#define SYMBOL_CHARSET 2

#define MAC_CHARSET 77

f#fdefine SHIFTJIS_CHARSET 128 // 932 (DBCS, Japanese)

f#fdefine HANGEUL_CHARSET 129 // 949 (DBCS, Korean)

ffdefine HANGUL_CHARSET 129 " u

#define JOHAB_CHARSET 139 // 1361 (DBCS, Korean)

#define GB2312_CHARSET 134 // 936 (DBCS, Simplified Chinese)
f#fdefine CHINESEBIGS5_CHARSET 136 // 950 (DBCS, Traditional Chinese)
Jfdefine GREEK_CHARSET 161 // 1253 Greek

f#define TURKISH_CHARSET 162 // 1254 Latin 5 (Turkish)

ff[define VIETNAMESE_CHARSET 163 // 1258 Vietnamese

#define HEBREW_CHARSET 177 // 1255 Hebrew

ffdefine ARABIC_CHARSET 178 // 1256 Arabic

(continued)
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height of a character. It then calls SetCaretPos to set the caret position and ShowCarei to
make the caret visible. During the WM_KILLFOCUS message, TYPER calls HideCaret and
DestroyCaret.

The WM_KEYDOWN processing mostly involves the cursor movement keys. Home
and End send the caret to the beginning and end of a line, and Page Up and Page Down
send the caret to the top and borrom of the window. The arrow keys work as you would
expect. For the Delete key, TYPER must move everything remaining 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, Lincteed (Ctrl-Enter), Enter,
Escape, and character keys. Notice that I've used Repeat Count in /Param when process-
ing the WM_CIIAR message (under the assumption that every character the user types is
important) bul not during the WM_KEYDOWN message (to prevent inadvertent over-
scrolling). The Backspace and Tab processing is simplified somewhat by the use of the
SendMessage function. Backspace is emulated by the Delete logic, and Tab is emulated by
a series of spaces.

As I mentioned earlier, a program should hide the caret when drawing on the win-
dow during messages other than WM_PAINT. 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 sume logic as KEYVIEW2 to switch 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
raiscs issues that are better covered in Chapter 17, which explores [onts and text output
in more detail,





