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After an application acknowledges the close state, the state changes back to 
unacknowledged if the application either exits or cancels the close operation. 
If the application acknowledges the close state and then exits, the parent process 
will be in an unacknowledged close state. The application must then acknowledge 
the close state to perform additional keyboard input before exiting or canceling the 
close operation. 

For example, if a text editor receives a positive response from the Query Close 
function and has some buffers that have not been saved, it should call Acknowledge 
Close and ask the user if the buffers should be saved with these possible responses: 
"Yes," "No," or "Cancel." 

If the user responds "Yes" or "No," the text editor should save (or not save if the 
response was "No") the buffers and then exit. The close state remains active, and 
the parent process (probably the command interpreter) will also receive a positive 
response from Query Close and will also terminate. 

If the response is "Cancel," the application should call the Cancel Close function 
and not exit. Canceling the close operation informs the system that any attempted 
shutdown should be abandoned. 

This sequence of operations is analogous to the way that Windows-based 
applications handle the WM_QUERYENDSESSION message. 

Depending on the tasking option chosen for the application, there may be some 
time between when the user chooses the Close command and the application checks 
the internal close flag. During this time, the system changes the window title of the 
application, appending the word "Closing" to it, and gives the user the opportunity 
to cancel the command by changing the command name to Cancel Close. If the 
user chooses the Cancel Close command, the close flag is reset, preventing the 
application from closing. If a close-aware application fails to check the close flag 
within a system-defined amount of time, the system automatically abandons the 
operation and resets the close flag. 

The system tracks the close-awareness and close state for each process. For the 
virtual machine to close, all applications in the virtual machine must close. When 
the user chooses the Close command, the operating system detects applications 
that are not close-aware and displays a dialog box with a warning message, but 
gives the user the option of forcing the application to exit anyway. If you make 
an application close-aware, it can shut down cleanly. 
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Reference 
The following functions and commands are associated with virtual machine 
services. 

Window Title Functions 
The following window title functions are used with virtual machine services. 

Get Application Title 
mov ah, 16h Windows multiplex function 
mov al, 8Eh VM Title 
mov di , seg AppTitle see below 
mov es, di 
mov di , offset AppTitle 
mov cx, Size see below 
mov dx, 2 Get Application Titl e 
int 2Fh 
cmp ax, 1 
je success 

Copies the application title to the specified buffer. 

• Returns 1 in the AX register if successful or zero otherwise. 

AppTitle 
Address of a buffer that receives the application title. This parameter must not 
be zero. 

Size 
Size, in bytes, of the buffer pointed to by AppTitle. 

Get Application Title copies as much of the title as possible, but never more than 
the specified number of bytes. The function always appends a terminating null 
character to the title in the buffer. 
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Get Virtual Machine Title 
mov ah, 16h Windows multiplex function 
mov a 1 , 8Eh VM Title 
mov di , seg VMTitl e see below 
mov es, di 
mov di , offset VMTitle 
mov cx, Size see below 
mov dx, 3 Get Virtual Machine Title 
int 2Fh 
cmp ax, 1 
je success 

Copies the virtual machine title to the specified buffer. 

• Returns 1 in the AX register if successful or zero otherwise. 

VMTitie 
Address of a buffer that receives the virtual machine title. This parameter must 
not be zero .. 

Size 
Size, in bytes, of the buffer pointed to by VMTitle. 

Get Virtual Machine Title copies as much of the title as possible, but never more 
than the specified number of bytes. The function always appends a terminating null 
character to the title in the buffer. 

Set Application Title 
mov ah, 16h 
mov a 1 , 8Eh 
mov di , seg AppTit 1 e 
mov es, di 
mov di , offset AppTitl e 
mov dx, 0 
int 2Fh 
cmp ax, 1 
je success 

Windows multiplex function 
VM Titl e 
see below 

Set Application Title 

Sets the application title to the given string. 

• Returns 1 in the AX register if successful or zero otherwise. 
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AppTitle 
Address. of a null-terminated string specifying the application title. The title 
must not exceed 80 characters, including the terminating null character. If this 
parameter is zero or points to an empty string, the function removes the current 
application title. 

Although not common, Set Application Title may return 1 in the AX register even 
though the title was not changed. In general, applications must not rely on the 
operating system to keep an accurate copy of the current title. 

Set Virtual Machine Title 
mov ah, 16h Windows multiplex function 
mov a 1 • 8Eh VM Title 
mov di • seg VMTitl e see below 
mov es. di 
mov d i , offset VMTitle 
mov dx. 1 Set Virtual Machine Title 
int 2Fh 
cmp ax, 1 
je success 

Sets the virtual machine title to the given string. Applications should not change the 
virtual machine title except under explicit instructions from the user. 

• Returns 1 in the AX register if successful or zero otherwise. 

VMTitie 
Address of a null-terminated string specifying the virtual machine title. The title 
must not exceed 30 characters, including the terminating null character. If this 
parameter is zero or points to an empty string, the function removes the current 
virtual machine title. 

Although not common, Set Virtual Machine Title may return 1 in the AX register 
even though the title was not changed. In general, applications must not rely on the 
operating system to keep an accurate copy of the current title. 
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Close-Aware Application Functions 
The following close-aware application functions are used with virtual machine 
services. 

Acknowledge Close 
mov ah. 16h Windows multiplex function 
mov a 1 • 8Fh VM Close 
mov dh. 2 Acknowledge Close 
mov dl • 0 always 0 
int 2Fh 
or ax. ax 
jz success 

Acknowledges the close state of the internal close flag. 

• Returns zero in the AX register if successful. 

Acknowledging the close state is necessary if an application needs to perform 
additional keyboard input before exiting. If the close state has been signaled but 
not yet acknowledged by an application, all keyboard read operations will return 
NULL and buffered line input will return an empty string. 

Cancel Close 
mov ah. 16h 
mov a 1 • 8Fh 
mov dh. 3 
mov dl • 0 
int 2Fh 
or ax. ax 
jz success 

Windows multiplex function 
VM Close 
Cancel Close 
always 0 

Cancels the close operation. 

• Returns zero in the AX register if successful. 

Mter acknowledging the close state of the internal close flag, an application should 
either exit or cancel the close operation by calling Cancel Close. 
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Enable or Disable Close Command 
mov ah. 16h Windows multiplex function 
mov a 1 • 8Fh VM Close 
mov dh. 0 Enable or Disable Close Command 
mov dl • Flags see below 
int 2Fh 
or ax. ax 
jz success 

Enables or disables the Close command in the system menu. 

Returns zero in the AX register if successful. 

Flags 
Close flags. This parameter can be one of these values: 

OOh Disables the Close command. 

01h Enables the Close command. 

Query Close 
mov ah. 16h Windows multiplex function 
mov a 1 • 8Fh VM Close 
mov dh. 1 Query Close 
mov dl • 0 always 0 
int 2Fh 

Indicates whether the user has attempted to close an MS-DOS-based application 
from Windows by choosing the Close command from the system menu. 

Returns one of the following values in the AX register: 

o 

1 

168Fh 

The close command was chosen, and the application has not 
acknowledged the close state. 

The close command was chosen, and the application has acknowledged 
the close state. 

The close command has not been chosen, and the application should 
continue running. 

Query Close returns a nonzero value if the application has not enabled the Close 
command by using the Enable or Disable Close Command function. 
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ARTICLE 28 

International Guidelines 

About International Guidelines 
This article is a reference guide to help developers write modules or applications 
that can be localized and that take full advantage of the Microsoft® Windows® 95 
international environment. 

Windows 95 Platform Strategy 
Windows 95 is available in many different languages. The languages and the rules 
associated with them can be divided into these three groups: 

• WesternlEastern European languages, such as German, Frencb, and Russian. 
These languages. use an 8-bit character set and are written from left to right. 
In this article, these languages are called "WE" languages. 

• Middle-Eastern languages, such as Hebrew and Arabic. These languages use an 
8-bit character set and are written from both left to right and right to left. In this 
article, these languages are called "ME" languages. 

• Far-Eastern languages, such as Japanese and Chinese. These languages use a 
16-bit character set (also referred to as a double-byte character set or DBCS) 
and are written from left to right or top to bottom. In this article, these languages 
are called "FE" languages. 

Windows 95 is a multiple character-set system, which means you can use more than 
one character set at a time. To accommodate the text management rules associated 
with WE, ME, and FE languages, Windows 95 uses a three-platform strategy that 
can be summarized in the following manner. 
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WE Platform 

ME Platform 

FE Platform 

FE platform ME platform 

Additional functions Additional functions 
for FE languages for ME languages 

I I 

I 
US Windows 95 

Base for WE languages and FE/ME platforms 

The WE platform (U.S. Windows 95) is the code base of Windows 95. It supports 
all WE languages and the rules associated with them, and it includes application 
programming interface (API) elements and other mechanisms for manipulating 
these languages. The WE platform is also the base on which the ME and FE plat­
forms are built. Applications built for the WE platform can also run on the ME and 
FE platforms, but they can not take advantage of functions written specifically for 
those platforms. 

The WE platform will be localized in the following languages: German, French, 
Spanish,. Swedish, Dutch, Italian, Norwegian, Danish, Finnish, Portuguese (Brazil), 
Portuguese (Portugal), Russian, Czech, Polish, Hungarian, Turkish, Greek, and 
Catalan. 

The ME platform is built on the WE platform. It includes the API elements and 
other mechanisms found in the WE platform. It also includes additional API 
elements specifically designed to support ME languages. To take full advantage 
of the ME platform, an application must use the additional API elements and may 
need to be recompiled. 

The ME platform will be localized in the Arabic and Hebrew languages. 

The FE platform is built on the WE platform. It includes the API elements and 
other mechanisms found in the WE platform. It also includes additional API 
elements specifically designed to support FE languages. To take full advantage 
of the FE platform, an application must use the additional API elements and may 
need to be recompiled. 
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The FE platform will be localized in the Japanese, Chinese (Traditional), Chinese 
(Simplified), and Korean languages. 

International Language Requirements 

Local ization 

This section is divided into three subsections: localization, national language 
support functions, and multilingual content support. Each subsection describes 
a set of rules that you should follow when writing Windows 95 modules or 
applications for international audiences. 

Certain rules should be followed so that Windows 95 modules or applications 
can be translated into different languages. For example, you should use resources 
for all elements to be localized, including strings, messages, icons, and so on. 

General Programming Guidelines 
You should follow these general programming guidelines when writing applications 
for international audiences: 

• Do not store handles or identifiers in resources. 

• Do not shift resource identifiers when adding resources to a file. Instead, 
just add an identifier (allowing no duplicate identifiers). 

• Do not store user interface elements (strings, messages, menus, and so on) 
in initialization (.INI) files. 

• Use the FormatMessage function to dynamically allocate buffer sizes for 
your Microsoft® Win32®-based applications. For more information, see 
the description of FormatMessage. 

• Do not hard code filenames into a binary file. Windows 95 modules or appli­
cations may use long filenames, and these filenames appear on the desktop. 
Because the filenames are visible to the user, they may need to be translated. 
Windows 95-based modules or applications should be able to be renamed 
without requiring any code change. ' 

Guidelines for Using Strings 
You should follow these guidelines when using strings in applications for 
international audiences: 

• Do not concatenate strings in dialog box controls. Doing so can create a 
string that crosses a character set boundary. For example, setting a control's 
text to be the result of "Can not find %s" will create a string that does not 
make sense if the user types in Greek in an application with English resources. 
You should use two controls instead of one in this situation. 
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• Use %numbers instead of %letters when using a string with variables in case 
translators and localizers need to invert the variables. The wrong and right 
approaches follow. 

WRONG "The fi 1 e type %5 on the dri ve %s shoul d fi rst be 

RIGHT 
copied to the drive %s." 
"The file type %1 on the drive %2 should first be 
copied to the drive %3." 

• Do not allow English text strings to use more than 70 percent of the available 
space in dialog boxes. Providing extra space ensures that a translated string 
will not exceed the length limit. An English string of 240 characters will some­
times result in a localized string of 300 characters. In a dialog box where the 
string limit is 256 characters, incomplete and improper localization will appear. 
In general, if a string that must be localized exceeds 70 percent of the limit, 
it should be split into two parts. 

National Language Support Functions 
Windows 95 includes a set of functions that allows Windows 95 - based modules 
or applications to find and use locale-dependent information. A locale is a collec­
tion of user-preference information related to the user's language and sublanguage, 
represented as a list of values. The system has one default locale, but an application 
can also get locale information that is specific to an application or task. To take 
advantage of this feature, an application must use the National Language Support 
(NLS) functions described in the Microsoft Win32 Software Development Kit 
(SDK). 

Multilingual Content Support 
Windows 95 includes multilingual content support for documents, which means 
that Windows 95 applications can mix characters from different character sets in 
the same document. For example, an application can mix Greek and German in the 
same document, even though characters for these languages belong to two different 
character sets. This feature makes Windows 95 a multiple character set (or multiple 
code page) operating system. 

The basic multilingual architecture is based on languages, especially keyboard 
languages. A user can create a list of keyboard languages from the set of all key­
board languages available. The system can be started with one language active, 
and the additional selected languages loaded and available. When the user switches 
from one language to another, a WM_INPUTLANGCHANGE message is sent 
to the application with the focus to indicate that the language has changed. The 
message includes the handle of the new keyboard layout (language) and character. 
The application can then use the information to determine whether the locale has 
changed and whether the character set has changed. 
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To take full advantage of multilingual content support, you should not assume that 
the character set is U.S. ANSI. Many "ANSI" character sets are available today. 
For example, Russian Windows 95 uses the "Cyrillic ANSI" character set, which 
is different from the one used by U.S. Windows 95 (U.S. ANSI). In addition, you 
should always use the Choose Font common dialog box. If that is not possible, 
you should use the EnumFontFamiliesEx function. Finally, you should always 
save the character set with the font names in documents and process multilingual 
Windows messages, including WM_INPUTLANGCHANGEREQUEST and 
WM_INPUTLANGCHANGE. They either request that the keyboard language 
be changed or indicate that a the keyboard language has changed. 

Note You should store the character set and keyboard layout of the next run of text 
when your application receives the WM_INPUTLANGCHANGEREQUEST or 
WM_INPUTLANGCHANGE message. You should also modify your Find or 
Search dialog boxes or algorithms so that they support multilingual search and 
replace operations. In addition, any headers, footers, and other peripheral 
annotations should be able to handle different fonts and languages. 

After the keyboard language has changed, you should use the following API 
elements: 

• Determine whether the character set has changed by using the wParam 
parameter from the WM_INPUTLANGCHANGE message. 

• Select a new font by using EnumFontFamiliesEx function if the character 
set has changed. 

• Use the "Ex" versions of keyboard functions-for example, ToAsciiEx 
instead of ToAscii. 

• Use the CR_ formats with the SetClipboardData function when placing 
text on the clipboard and with the GetClipboardData function when getting 
text from the clipboard: 

• Use the GetCharacterPlacement and GetFontLanguageInfo functions 
when drawing text, calculating caret positions, or performing any other action 
related to a device. The functions provide intermediate information that make 
caret placement easier and allow the application to take advantage of new 
features in graphics device interface (GDI). They also ensure the application 
is compatible across all three platforms. Even if you write your application for 
non-ME and non-FE platforms, using GetFontLanguageInfo allows you to 
detect when the user tries to use one of the ME or FE fonts and allows you 
to prevent the user from producing strange text on the screen and printer. 

For more information about multilingual content and support, see the reference 
pages for the functions and messages mentioned in this section. 
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Using the Far-Eastern Platform 
For your Windows 95 - based module or application to run on the FE platform, you 
must enable your module or application to use double-byte characters by using the 
CharNext, CharPrev, and IsDBCSLeadByte functions. For information about 
double-byte characters enabling, see Article 29, "Using Double-Byte Characters." 
You should also enable your module to use the IMM (Input Method Manager) 
functions and modify your application to interact with an !ME (Input Method 
Editor), so the user will be able to use Far-Eastern characters. For information 
about FE enabling, see Article 30, "Using Input Method Editors." 

Using the Middle-Eastern Platform 
You should follow certain guidelines to enable your Windows 95 - based module 
or application to run on the ME platform: 

• Use the Windows 95 functions. There are no specific ME functions. All 
of the functions for writing ME-based software are built into the basic 
Windows 95 code, and all the items mentioned under "Multilingual Content 
Support" earlier in this article are also relevant. However, for standard left 
to right languages, these features are desirable, but not necessary. 

• Call the GetCharacterPlacement function to provide line layout support 
for getting the visual orientation, character widths, and character placement 
required for laying out and displaying any single-byte character text. 

• Call the GetFontLanguagelnfo function to determine which services are 
required for a particular language. The main difference between ME and WE 
languages is that the text may be oriented to the right of the page instead of 
to the left. This means you need some form of user interface for switching 
direction, and you need the ability to write text from right to left instead of 
left to right. You can achieve this by using the SetTextAlign function. 

• Use the ME-specific window styles and common control styles. If you 
have enabled your application to run using ME resources (for example, right 
to left menus), you must also modify calls to functions, such as MessageBox 
and CreateWindow, to use the ME-specific flags (for example, to allow right 
to left orientation of menus). If a particular window class has no specific 
right to left style, like the button class, use extended window styles, such as 
WS_EX_RTLREADING and WS_EX_RIGHT. 

For more information about ME enabling, see Article 31, "Writing Applications for 
Middle-Eastern Languages." 
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ARTICLE 29 

Using Double-Byte Characters 

About Using Double-Byte Characters 

Code Pages 

String operations in applications running with an operating system that uses a 
double-byte character set (DBCS) are slightly different from those in applications 
running with a system that uses a single-byte character set. A DBCS-enabled 
application allows users to create, edit, print, and save documents in their 
own languages, even if the user interface has not been localized. DBCS enabling 
involves adding code to handle DBCS strings, which are made up of a mixture 
of 1-byte and 2-byte characters. For example, a user could run an English version 
of a DBCS-enabled application with a Japanese version of Microsoft® Windows®, 
freely typing in and editing kanji strings without any problem. This article provides 
guidelines to reduce the work necessary to port an application written for a single­
byte character set system (SBCS) to a DBCS system. 

DBCS enabling is only one step in internationalizing an application. For more 
information about DBCS and other internationalization issues, see Developing 
'International Software for Microsoft Windows by Nadine Kano, available through 
Microsoft Press®. 

Accented characters are an integral part of many languages. However, the 7 -bit 
ASCII character set does not provide support for accented characters. To compen­
sate, Microsoft® MS-DOS® uses 8-bit code pa!ges as a means of providing support 
for character sets and keyboard layouts used in different countries. Each code page 
table relates the binary character codes used by an application to keys on the key­
board or to the appearance of characters on the display. 
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Over the years, support for code pages that include different accented characters 
has been added to MS-DOS. In each code page, the characters numbered 32 
through 127 are the same characters that form the 7-bit ASCII set. The characters 
above 127, known as extended characters, vary from code page to code page. 
The set of extended characters, which contains accented characters, determines 
which languages the code page can support. 

Microsoft Windows 95 uses the same type of code pages introduced in Windows 
version 3.1. These code pages are different from the ones used in MS-DOS. For 
example, the line-drawing characters that allow MS-DOS-based applications to 
draw boxes have not been included in Windows code pages and have been replaced 
with additional publishing characters. 

Double-Byte Character Sets 
The Chinese language defines more than 10,000 basic ideographic characters. 
Each ideographic character represents a word or syllable, and many of these 
characters were adapted long ago by other Far-Eastern languages. These char­
acters are called kanji in Japanese, hantsu or hanzi in Chinese, and hanja in 
Korean. Because there are so many ideographic characters, single-byte character 
sets, which have room for only 256 characters, are too small to accommodate 
those languages. 

The solution used in Windows 95 (and in earlier versions of Windows) has been to 
encode most characters (primarily ideographs) with 2-byte values, making many 
more than 256 characters available. However, characters, such as the ASCII set, 
the Japanese phonetic syllabary known as katakana, and some symbols still have 
single-byte representations. The result is a code page that mixes I-byte and 2-byte 
characters. Double-byte character sets typically contain a mixture of I-byte and 
2-byte characters. 

The mixing of byte lengths in Far-Eastern versions of Windows leads to more 
complex string parsing code. Each 2-byte character is composed of a lead byte 
and a trail byte, which must be stored together and manipulated as a unit. A lead 
byte value always falls into one or more ranges above 127. Although I-byte 
characters may be defined above 127, they cannot exist in the lead byte ranges. 
NULL can never be a trail byte, but the range of possible trail bytes can overlap 
to some degree with the ASCII character set. Lead byte values are frequently 
indistinguishable from trail byte values; the only way to tell the difference is from 
the context of the surrounding characters. For that reason, if a trail byte is taken 
without its lead byte, it can be mistaken for a I-byte character. 
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Because I-byte characters are displayed in half the width of 2-byte characters for 
most fonts on Far-Eastern versions of Windows, they are sometimes referred to as 
half-width characters. Most half-width characters also have a full-width (2-byte) 
representation to make column layout on a display easier. Ideographic characters 
exist only in full-width form; there is, for example, no such thing as a I-byte kanji 
character. In Windows 95, ASCII characters can be drawn with proportional fonts, 
but ideographic characters, including Japanese kanji, are always monospaced. 

Using Double-Byte Characters in an Application 
To handle 2-byte characters, you should have any code that searches, selects, edits, 
moves, replaces, deletes, or inserts text check for double-byte pairs. An application 
should not split 2-byte characters and should accommodate 2-byte characters in its 
display operations. Rules of selection, cursor placement, and cursor movement are 
the same as for alphabetic characters; the cursor should always end up between 
characters, never in the middle of one. 

Because 1- and 2-byte characters can be mixed, it is not safe to use unary oper­
ators, such as ++ or - -, which increment or decrement string pointers one byte 
at a time instead of a character at a time. These operators can be replaced with 
the Microsoft® Win32® CharNext and CharPrev functions (or the AnsiNext 
and AnsiPrev functions used in Windows version 3.x). These functions increment 
string pointers properly whether the current character is a single byte or a double 
byte. 

In addition, it is not safe to access a string with 2-byte characters randomly in 
the following manner. 

Mychar = string[i] 

Unless a string is searched from the beginning, there is no way of knowing if the 
byte accessed is a single byte, lead byte, or trail byte. 

For string processing, it is often important to determine if a byte is a lead byte. 
The IsDBCSLeadByte function can be used to test whether a particular byte is 
in the default code page's lead byte range, and the IsDBCSLeadByteEx function 
can be used to check the lead byte range of a specified code page. The following 
example shows how to search for a backslash ('\') character in a DBCS string by 
using IsDBCSLeadByte. 
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II Returns a pointer to the first '\' in a given string. 
char* GetBackSlash( char *pszString) 
{ 

while(*pszString) 
{ 

if (!IsDBCSLeadByte(*pszString)) 
{ 

} 

if (*pszString == '\\') 
brea k; 

else II it is a lead byte 
{ 

II Increment the pointer 1 byte to point to the trail byte. 
pszString++; 

} 

II Increment the pointer 1 byte to pOint to the next character. 
pszString++; 

return( pszString); 
} 

Although IsDBCSLeadByte and IsDBCSLeadByteEx are convenient, calls to 
these functions may impact perfonnance if you have a large number of bytes to 
test. As an alternative, you can check the ranges yourself by calling the GetCPlnfo 
function, which returns the lead byte ranges in the LeadByte member of the 
CPINFO structure. LeadByte is an array of bytes. Each range, which consists of 
two bytes, specifies a starting and ending value for the range. Ranges are inclusive, 
and there can be a maximum of five ranges. Any unused bytes in LeadByte are set 
to zero. 

To further optimize your code, you should only call DBCS functions or special 
string handling code when using a DBCS code page. There are several methods 
of doing this. For example, an application can determine whether it is running 
on a DBCS system at run time by using GetCPlnfo in its initialization code. 
GetCPlnfo returns the maximum number of bytes for a character in the code 
page in the MaxCharSize member of the CPINFO structure. The advantage of 
this method is that it requires having only one executable file. 

Another method is to use a DBCS command-line option at compile time and bracket 
sections of string handling code with #ifdef directives. The number of #ifdef blocks 
can be greatly reduced by defining the following macros. 

fFifndef DBCS 
fFdefine CharNext(pc) «*pc)? pc + 1 : pc) 
fFdefine Char~rev(pcStart, pc) «pc> pcStart) ? \ 

pc - 1 : pcStart) 

fFifndef WIN32 
fFdefine IsDBCSLeadByte (bByte) (FALSE) 
fFendif 
1foendi f 
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Using Input Method Editors 

About Using Input Method Editors 
In Asian versions of Microsoft® Windows® 95, an input method editor (1MB) 
allows users to generate single- and double-byte characters by typing at the 
keyboard. By default, Windows 95 carries out all actions required to enable the 
user to generate characters for input to your application. However, you can also 
customize this process by using input method manager (IMM) functions to carry 
out actions on your own. This article shows some simple ways to customize the 
operation of an 1MB for your application. For more information about the IMM 
functions, see the documentation included in the Microsoft® Win32® Software 
Development Kit (SDK). 

Handling Character Input 
You receive character input from an IME in the form of WM_CHAR or 
WM_IME_ CHAR messages. Windows 95 provides a default 1MB that automat­
ically displays a status window enabling users to choose the conversion 
mode and other properties for generating single- and double-byte characters for 
the current application. (Users can also purchase third-party IMEs that may have 
additional capabilities.) 

Depending on the conversion mode, an IME provides a composition window 
into which the user types the initial characters and a candidates window from 
which the user picks the final character(s). Selecting the final character causes 
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the IME to send either one or two WM_CHAR messages to the window procedure 
for the application. 

You can use the IsDBCSLeadByte function to determine whether the character in 
a WM_CHAR message is the fIrst byte of a double-byte character. If it is, the next 
WM_ CHAR message contains the second byte. Once you have both bytes, you can 
display the character by using a function such as ExtTextOut. 
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In some cases, you may receive WM_IMB_CHAR messages from the 1MB. 
The wParam parameter of this message contains one or two bytes, depending on 
the user's final selection. To determine the size of the character, you need to use 
the IsDBCSLeadByte function in the following manner. 

WORD wChar; 

case WM_IME_CHAR: 
wChar = (WORD) wParam; 
if (IsDBCSleadByte(HIBYTE(wChar) == TRUE) 

II wChar is a double-byte character. 
else 

II wChar is a single-byte character. 
break; 

If you choose not to handle the WM_IME_ CHAR message, you can pass it to the 
DefWindowProc function. This function converts the message into one or two 
WM_ CHAR messages and sends them to your window procedure. 

Managing the IME 
You manage the !ME by enabling (opening) it for conversions, setting the 
conversion modes, and positioning the composition window . By default, the 
IME opens when the user chooses a conversion mode from the status window, 
and the !ME displays the composition window when the user begins to type. 
You can change this default behavior by using the ImmSetOpenStatus, 
ImmSetConversionStatus, and ImmSetComposition Window functions. 

You open the IME when you want to allow users to enter characters for conver­
sion. You can determine whether the 1MB is currently open by by using the 
ImmGetOpenStatus function. If it is not, you can open the 1MB by using the 
ImmSetOpenStatus function as follows. 

HIMC hIMC; 
BOOl bOpen; 

if (hIMC = ImmGetContext(hwnd»{ 
bOpen = ImmGetOpenStatus(~IMC); 

if (! bOpen) 
ImmSetOpenStatus(hIMC, TRUE); 

ImmReleaseContext(hwnd,hIMC); 
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Once you open the IME, the composition window opens as soon as the user 
begins to type in the window associated with the input context. By default, the 
composition is displayed as a pop-up window placed near the window having the 
input focus. You can change this default position and appearance by using the 
ImmSetComposition Window function. The following example shows how to 
embed the composition window into the current line of text (similar to edit controls) 
by using the CFS_POINT style. 

HIMC hIMC; 
COMPOSITIONFORM cf; 

if (hIMC = ImmGetContext(hwnd)){ 
cf.dwStyle = CFS_POINT; 
cf.ptCurrentPos.x = ptCurrent.x; 
cf.ptCurrentPos.y = ptCurrent.y; 
ImmSetCompositionWindow(hIMC, &cf); 
ImmReleaseContext(hWnd,hIMC); 

In this example, the ptCurrent member contains the coordinates of the caret in 
the window identified by the hwnd parameter. The function places the composi­
tion window at that position, and characters that the user types appear there. 

Once the user starts typing, the 1MB converts and displays the characters 
using the current conversion and sentence modes. The user typically sets the 
modes through the status window, but you can set them as well by using the 
ImmSetConversionStatus function. In most cases, it is best to retrieve and 
change the current modes by using both the ImmGetConversionStatus and 
ImmSetConversionStatus functions in the following manner. 

HIMC hIMC; 
DWORD dwConvMode, dwSentence; 

if (hIMC = ImmGetContext(hWnd)){ 
II Get the current modes. 

} 

ImmGetConversionStatus(hIMC, &fdwConversion, &fdwSentence); 
II Change to full shape input mode. 
fdwConversion \= IME_CMODE_FULLSHAPE; 
II Set the new modes. 
ImmSetConversionStatus(hIMC, fdwConversion, fdwSentence); 
ImmReleaseContext(hWnd,hIMC); 
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Managing the IME Window 
Windows 95 creates an 1MB window for each thread in an application. The 1MB 
window, belonging to the system-defined "IME" window class, creates and owns 
the status, composition, and candidates windows that give users the means to 
control the conversion of characters. The IME window carries out default pro­
cessing for the status, composition, and candidates windows for the application, I 

so changing the 1MB window.changes those windows too. 

You can control the position and style of the status, composition, and candidates 
windows directly by using functions such as ImmSetStatusWindow, 
ImmSetComposition Window, and ImmSetCandidate Window. You can also 
control the windows indirectly be sending WM_IMB_ CONTROL messages to 
the IME window. You can retrieve the handle of the 1MB window by using the 
ImmGetDefaultIMEWnd function. 

The following example shows how to create an 1MB window by using the "IME" 
window class in a call to the CreateWindowEx function. 

hwndIME = CreateWindowEx( 
0. 
"IME", 
NULL, 
WS_DISABLED 
0, 0, 0, 0, 
hwnd, 
NULL, 
hinstance, 
NULl); 

I WS_POPUP, 

II IME class 
II no window titl e 
II disabled window 
II no need to set size 
II owner window 

If your application does not process character input from the keyboard, 
you can close an 1MB window by retrieving the handle and passing it to' the 
DestroyWindow function. 

Monitoring the Composition 
You can monitor the user's interaction with the status, composition, and candidates 
windows by processing WM_IME_NOTIFY and WM_IME_COMPOSITION . 
messages. The 1MB sends these messages to the window having the input focus 
whenever the user carries out some action in one of the 1MB windows. 

WM_lME_NOTIFY is useful for monitoring changes that the user makes 
through the status window. For example, the 1MB sends this message with the 
IMN_SETCONVERSIONMODE value when the user changes modes in the status 
window. When you receive this message, you can determine the new conversion 
and sentence modes by using the ImmGetConversionStatus function. 
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WM_IME_NOTIFY is also useful for monitoring selections made by the 
user in the candidates window. The IME sends this message with the 
IMN_CHANGECANDIDATE value when the user changes the selection. When 
you receive this message, you can use the ImmGetCandidateList function to 
retrieve the list of candidates and the index of the current selection. 

WM_IME_COMPOSITION is useful for monitoring input and conversions 
made in the composition window. The IME sends this message whenever 
the user types a character. When you receive this message, you can use the 
ImmGetCompositionString function, as shown in the following example, to 
retrieve the characters typed by the user or the converted characters proposed 
bytheIME. 

HIMC hIMC; 
char szComp[256]; 
DWORD dwSize; 

case WM_IME_COMPOSITION: 
if «hIMC = ImmGetContext(hwnd» NULL) 

break; 

II Get the composition string. 
dwSize = ImmGetCompositionString(hIMC, GCS_COMPSTR, szComp, 256); 

ImmReleaseContext(hWnd,hIMC); 
break; 

The IME sets the lParam parameter in WM_IME_COMPOSITION to the 
GCS_RESUL TSTR value when the user completes the composition. The follow­
ing example shows how to retrieve the final result of the conversion by using 
ImmGetCompositionString. 

HIMC hIMC: 
LPSTR lpstr; 
DWORD dwSize; 

case WM_IME_COMPOSITION: 
if (!(lParam & GCS_RESULTSTR» 

break; 

II Get the context. 
if «hIMC = ImmGetContext(hwnd» == NULL) 

break; 

II Get the result string size, and add 1 for the terminating 
I I null character. 
dwSile = ImmGetCompositionString(hIMC, GCS_RESULTSTR, NULL, 0); 
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II Allocate memory to receive the string. 
if «lpstr = GlobalAlloc(GPTR. dwSize)) == NULL) { 

MyError( ) ; 
break; 

II Get the result string. 
ImmGetCompositionString(hIMC. GCS_RESULTSTR. lpstr. dwSize); 

II Release the context when it is no longer needed. 
ImmReleaseContext(hWnd.hIMC); 

II Do something with the result string here. 

II Free the memory now. 
GlobalFree«HGLOBAL)lpstr); 
break; 

When you process WM_IME_COMPOSITION in this manner, you can safely 
ignore any WM_IME_ CHAR messages sent for the result string. 

Customizing the User Interface 
You can customize the user interface for the IME by replacing the default IME 
window with your own window. In this case, you defme your own 1MB window 
class and window procedure and create the IME window for your application 
after destroying the default 1MB window. 

Your IME window must provide the same capabilities as the default 1MB window, 
or your application windows must be prepared to provide the same functionality 
as the status, composition, and candidates windows. The window also must handle 
any WM_IME_CONTROL messages sent to it and send WM_IMB_NOTIFY and 
other messages in response to any user input to it. 
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To ensure that your !ME window receives all appropriate messages, you must call 
the ImmIsUIMessage function from every window procedure in your application 
that accepts character input from the keyboard. The following example shows how 
to restructure your window procedure to process these messages. 

HWND hwndIME; II handle of IME window 

long CALLBACK WndProc(HWND hwnd. UINT msg. WPARAM wParam. LPARAM lParam) 
{ 

} 

if (ImmIsUIMessage(hwndIME. msg. wParam. lParam)==TRUE) 
II Already processed and ready for post-processing. 
switch(msg) { 

} 

II Post-process WM_IME_COMPOSITION and other messages. 
} 

return 0; 
else { 

II Not processed yet. 
switch(msg) { 
case WM_CREATE: 

II Create your IME window here. 
break; 

case WM_DESTROY: 

} 

II Destroy your IME window here. 
break; 
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If you choose not to create an 1MB window and provide instead the status, compo­
sition, and candidates functionality from within the window procedures of your 
application, your window procedures must handle the following 1MB messages 
rather than pass them to the DefWindowProc function. 

COMPOSITIONFORM cf; 
POINT ptMyPoint; 
LOG FONT If; 

II The message was not handled by the IME window. 
switch (uMsg) { 

case WM_CREATE: 
hIMC = ImmCreateContext(); 
hOldIMC = ImmAssociateContext(hWnd ,hIMC); 
break; 

case WM_IME STARTCOMPOSITION: 
II Prepare to receive the WM_IME_COMPOSITION message. 
break; 

case WM_IME ENDCOMPOSITION: 
II Finish handling the composition string. 
break; 

case WM_IME_COMPOSITION: 
II Get the composition string, the result string, 
II and also the information for displaying the strings. 
break; 

case WM_IME SETCONTEXT: 
II Remove bits from lParam to indicate that 
II this window can draw the composition string 
II and index 0 candidate list. 
lParam &= -(ISC_SHOWUICOMPOSITIONWINDOW & 

ISC_SHOWUICANDIDATEWINDOW); 
return DefWindowProc(hWnd, uMsg. wParam, lParam); 

case WM_IME_NOTIFY: 
II Handle each IMN_ submessage. and display the IME 
II and candidate list status. 
switch (wParam) { 
case IMN_OPENCANDIDATE: 
case IMN_CHANGECANDIDATE: 
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case IMN_CLOSECANDIDATE: 
II This application can draw only one candidate list 
II whose index is 0. 
if (lParam -- 0x01) II Bit 0 is On, it is index 0. 

II Draw the candidate list. 
else 

return DefWindowProc(hWnd, uMsg, wParam, lParam); 
break; 

default: 

} 

break; 

II Make a notification to the IME window. 
return DefWindowProc(hWnd, uMsg, wParam, lParam); 

case WM IME_COMPOSITIONFULL: 
II Adjust the size of the windowlarea to draw the 
II composition string. 
break; 

case WM_DESTROY: 
ImmAssociateContext(hWnd. hOldIMC); 
ImmDestroyContext(hIMC); 
break; 

To draw the composition string without the default IME window, you need 
to handle the WM_IME_COMPOSITION, WM_IME_STARTCOMPOSITION, 
and WM_IME_ENDCOMPOSITION messages. However, if you receive 
WM_IME_COMPOSITION and the composition is not final, you nee<ko retrieve 
the attribute information as well as the composition characters to determine how 
to draw the characters. 

HIMC hIMC: 
lPSTR lpCompStr; 
LPBYTE lpbAttr; 
LPSTR lpResultStr; 
DWORD dwStrSize; 
DWORD dwAttrSize; 

case WM_IME_COMPOSITION: 
if «hIMC - ImmGetContext(hwnd» NULL) 

break; 



612 Programmer's Guide to Microsoft Windows 95 

l/jIlO· 

if (lParam & GCS_RESULTSTR) { 
II Received the final result, so grab it. 
dwSize - ImmGetCompositionString(hIMC, GCS_RESULTSTR, 

NULL, 0): 

II Allocate space for the string and attributes. 

II Draw the result string here. 

} else if (lParam & (GCS_COMPSTR I GCS_COMPATTR» { 

} 

II Get the size of the composition string and the attribute 
/I information. 
dwStrSize - ImmGetCompositionString(hIMC, GCS_COMPSTR, NULL, 0): 
dwAttrS;ze - ImmGetComposit;onStr;ng(hIMC. GCS_COMPATTR, 

NULL, 0): 

II Allocate space for the string and attributes. 

II Get the strings and attributes. 
ImmGetCompositionString(hIMC. GCS_COMPSTR, lpCompStr, dwSize); 
ImmGetCompositionString(hIMC, GCS_COMPATTR. lpAttrStr, dwSize): 

II Draw text using attributes to distinguish converted 
II characters from user input. 

II Free the memory for the buffers here. 

ImmReleaseContext(hWnd,hIMC): 

case WM_IME_SETCONTEXT: 
II Remove bits from lParam to indicate that 
II this window can draw the composition string. 
lParam &- -(ISC~SHOWUICOMPOSITIONWINDOW): 

return DefWindowProc(hWnd, uMsg, wParam. lParam): 
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Setting the IME Context 
Applications that use the default IME window must pass the message 
WM_IME_SETCONTEXT to the DefWindowProc or ImmIsUIMessage 
function without modification. This message identifies the current IME context 
and specifies which window or windows must be shown. If you choose to 
customize the IME interface by drawing the composition string, candidate 
lists, guideline string, and soft keyboard on your own, you must process 
WM_IME_SETCONTEXT before passing the message to DefWindowProc 
or ImmIsUIMessage by modifying the IParam parameter. 

If you draw the composition string in addition to processing the 
WM-'IME_STARTCOMPOSITION, WM_IME_ENDCOMPOSTION, 
and WM_IME_ COMPOSITION messages, you must also clear the 
ISC_SHOWUICOMPOSITIONWINDOW value in the IParam parameter of 
WM_IME_SETCONTEXT before passing the message to DefWindowProc 
or ImmIsUIMessage. 

If you draw the candidate lists in addition to processing the 
IMN_OPENCANDIDATEWINDOW, IMN_CLOSECANDIDATEWINDOW, 
and IMN_CHANGECANDIDATEWINDOW notification messages 
(passed with the WM_IME_NOTIFY message), you must clear the 
ISC_SHOWUICANDIDATEWINDOW values in the IParam parameter of 
WM_IME_SETCONTEXT that correspond to the candidate lists that you can 
draw. For example, if you draw the second candidate list (index 2), you must 
clear the corresponding ISC_SHOWUICANDIDATEWINDOW value as follows. 

lParam &= ~ISC_SHOWUICANDIDATEWINDOW«2; 

If you draw all candidate lists, you can clear all values by using the 
ISC_SHOWUIALLCANDIDA TEWINDOW value in the following manner. 

lParam &= ~ISC_SHOWUIALLCANDIDATEWINDOW; 

If you draw the guideline string in addition to processing the IMN_GUIDELINE 
notification message (passed with the WM_IME_NOTIFY message), you must 
clear the ISC_SHOWUIGUIDEWINDOW value in the IParam parameter of 
WM_IME_SETCONTEXT before passing the message to DefWindowProc 
or ImmIsUIMessage. 

If you hide the soft keyboard, you must clear the ISC_SHOWUISOFTKBD value 
in the IParam parameter of WM_IME_SETCONTEXT before passing the message 
to DefWindowProc or ImmIsUIMessage. 
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Compatibility 
Windows 95 supports 1MB applications that were written for previous versions of 
the operating system as long as the applications are compatible with the Windows 
version 3.1 1MB. In addition, Windows 95 supports Windows version 3.1 IMBs 
and can load and assign any Windows version 3.1 IME to a keyboard layout, 
making the 1MB available to applications written for either Windows version 3.1 
or Windows 95. Also, because Windows 95 manages the interface with Windows 
version 3.1 IMBs, applications can use either the Windows 95 or Windows version 
3.1 input method management functions to access Windows version 3.1 IMBs. 
You can retrieve the operating system version number of an 1MB by using the 
ImmGetProperty function and specifying the IGP _GETIMBVERSION value. 
(Note, however, that Korean Windows version 3.1 IMBs are not supported by 
Korean Windows 95.) 

Although any application can use a Windows version 3.1 1MB, not all functions 
and messages are available. In particular, the ImmGetCandidateListCount, 
ImmGetCandidateList, ImmGetGuideLine, and ImmGetConversionList 
functions return an error if called, and the IMC_OPENSTATUSWlNDOW, 
IMC_CLOSESTATUSWINDOW, IMC_GETSTATUSWINDOWPOS, and 
IMC_SETSTATUSWINDOWPOS messages are not available. Also, the clause 
information of the result string and the reading information of the composition 
string are not available. 

Windows 95 does not support 1MB applications written for versions of 1MB that 
are earlier than the Windows version 3.1 1MB. 
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Writing applications for the Middle-Eastern languages is relatively simple. The 
multilingual features of the Microsoft® Win32® application programming interface 
(API) together with the unified architecture of international versions of Microsoft® 
Windows® 95 makes it possible to develop these applications just by changing the 
application resource files. This article describes the process. It is assumed that 
the reader is familiar with techniques used to write international applications, 
especially separating resources from code. 

Middle-Eastern Language Elements 
In Middle-Eastern languages, portions of written text are read right to left and other 
portions are read left to right. Arabic and Hebrew are two such languages. These 
languages have the following similarities: 

• Both have a right to left orientation of characters within each word. 

• Both have a right to left orientation for reading order of words, but both 
find a left to right reading order acceptable in some cases. 

• Both have a left to right order of numbers and characters in foreign (Latin­
based) text. 

• Both use a left to right reading order for foreign (Latin-based) text. 

• Both have diacritics, as most Latin scripts do. A diacritic is an accent or 
phonetic element that modifies another element (for example, ' + A = A). 

• Both are single-byte character set languages. In some cases, two or more 
of their characters may actually represent a single character called a ligature. 
A ligature is two or more letters joined together (for example, A + E = JE). 



616 Programmer's Guide to Microsoft Windows 95 

Arabic and Hebrew language are different in these ways: 

• Arabic has contextual shaping of characters, depending on whether the 
character is positioned at the beginning, middle, or end of a word or whether 
it stands alone. (Hebrew has a few characters that change at the end of a 
sentence, but these are typed as a separate character.) 

• Arabic uses kashidas. A kashida is a null element that is the extension of the 
end of a character, either filling empty space or joining two characters. 

In general, the languages and cultures of the Middle East have a general right 
to left orientation just as Latin-based languages and cultures have a left to right 
orientation. This means that lists, menus, sets of buttons, or anything else that can 
have an alignment should be designed with a right to left orientation. Although this 
general right to left orientation and contextual shaping of Arabic may be intimi­
dating at first, Windows 95 provides the resources and functions needed to make 
handling these language easier. 

System Resources and Text Handling 
In Windows 95, any string of text is saved in the order typed. This means that what 
you see on the screen or on the printed page may be in a different order than what 
you typed in. Obviously, this makes the modification of existing text a little tricky, 
but the Windows 95 and Win32 functions help make this easier. 

Whenever possible, applications should use system edit controls for text input, 
subc1assing them as necessary. If an application edits and displays text, it should 
use the GetCharacterPlacement function to determine the order in which the 
individual characters in the string are displayed. If the application displays a caret 
with the text, it should use GetCharacterPlacement to determine the caret 
position for each character in the text. The function also returns information 
about the order and number of glyphs for the string. This information is useful 
for determining whether the displayed string contains ligatures or extra characters, 
such as kashidas. 
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Everything in the resource file that pertains to country specific information should 
be thought of as part of the localization process. For the Middle East, this includes 
the orientation of menu items, buttons, dialog boxes, and so on. All these should be 
set in the resource file. If an application has menus, dialog boxes, lists, list boxes, 
and other visual elements that contain text, it must display the text in right to left 
order. Because Windows 95 allows applications to use the same functions to 
display text in right to left order as are used to display in left to right order, you 
can adapt a carefully designed application for the Middle Eastern market simply 
by changing the text strings, control positions, and text orientation styles in the 
resource file. In such cases, the application does not need to be recompiled. 

In some cases, it may still make sense to modify and recompile your application 
source code-for example, if you need a highly optimized version of your 
application to compete successfully in the Middle-Eastern market. 
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ARTICLE 32 

Thunk Compiler 

About the Thunk Compiler 
Writing applications for the Microsoft® Win32® application programming interface 
(API) is recommended for these reasons: 

• The flat address space-that is, no segments or offsets 

• Better performance 

• Greater robustness 

However, as compelling as arguments are to move to the 32-bit programming 
model, there may be pragmatic reasons for not making the move all at once. 
Certain components of an application may lend themselves to the migration to 32 
bits, while other components may be more tightly bound to the 16-bit environment. 
For example, an application developer may want to move the application's user 
interface code to 32 bits to take advantage of new system features, but may 
have an existing dynamic-link library (DLL) specifically optimized for the 16-bit 
architecture. Rather than delay the release of a new version of the application, the 
developer can decide instead to take advantage of the Microsoft Thunk Compiler 
to mix 16- and 32-bit components. 
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Thunking Mechanics 
The Thunk Compiler needs to check for these elements in a mixed 16- and 32-bit 
environment: 

• Pointers consist of a selector and a . 16-bit offset in a 16-bit Microsoft® 
Windows® environment. However, in a 32-bit Windows environment, pointers 
essentially consist of a 32-bit offset; that is, the DS, ES, SS, and CS registers 
all contain selectors with the same base address. All pointers in this environment 
are considered to be near 0:32 pointers. Translating a 16:16 pointer to a 0:32 
pointer involves determining the segment base for the selector portion of the 
pointer and adding the offset to it. Translating a 0:32 pointer to a 16:16 pointer 
involves allocating a selector and calculating the offset from the base of the 
corresponding segment. 

• Both 16- and 32-bit applications pass function parameters on the stack. How­
ever, 16-bit applications address the stack using the SS:SP registers, but 32-bit 
applications use the SS:ESP registers. When thunking from 16 bits to 32 bits 
(or thunking back in the other direction), the processor's method of addressing 
the stack must be switched. 

• The word size is 32 bits in a 32-bit environment and 16 bits in a 16-bit environ­
ment. When an application uses both 16- and 32-bit environments, some piece 
of software must be able to translate 16-bit words to 32-bit words. The follow­
ing 16-bit function can be used to illustrate the translation. 

DWORD Sample(WORD i); 

If a 32-bit component calls this 16-bit function, it pushes a 32-bit argument on 
the stack, but the 16-bit function only pops 16 bits off the stack. Later, when the 
function returns, it places the returned doubleword value in the DX:AX register 
pair, but the 32-bit calling application expects the return value to be in the EAX 
register. It is the thunking layer's responsibility to negotiate these translations. 

• To correctly handle packing and conversion, the Thunk Compiler translates 
structure members one at a time. The Thunk Compiler supports structure 
packing on 1-, 2-, or 4-byte boundaries (corresponding to the /Zp 1, /Zp2, and 
/Zp4 compiler options for Microsoft C language products). However, 8-byte 
structure alignment is not supported. Structure packing boundaries must be 
the same on both sides of a thunk. 

• Unlike 32-bit code, 16-bit code is usually not reentrant; 16-bit code is typically 
written with the assumption of a cooperative mulitasking model. The thunk 
layer must serialize access to 16-bit code. In contrast, 32-bit code must 
execute without serialization to prevent deadlocks. The thunk layer manages 
serialization on transitions in both directions. 
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Thunking Benefits and Drawbacks 
If you use thunking to avoid porting all of your code to 32 bits or to take advantage 
of 16-bit components, you may save development time. In addition, your executable 
files may have a smaller memory footprint than if they were full 32-bit applications. 
However, there are some issues related to thunking that may make you choose to 
avoid it in your application. These issues are described in the following sections. 

Thunking Models 
Microsoft® Win32s®, Microsoft® Windows NTTM, and Windows 95 use different 
thunking models. Win32s supports "universal thunks," which are not supported 
by either Windows NT or Windows 95. Window NT supports "generic thunks," 
which only allow thunking from 16 bits to 32 bits. Although Windows 95 supports 
generic thunks, it does not support the underlying process model used by Windows 
NT. Use of the Windows 95 model can lead to serious incompatibilities with the 
Windows NT generic thunking model. (For more information about generic thunks 
in Windows 95, see "Generic Thunking Mechanism" later in this article. Windows 
95 implements a new thunking model, "flat thunks." Flat thunks allow thunking 
from 32 bits to 16 bits or vice versa. The flat thunking model requires use of the 
Thunk Compiler described in this topic. 

If you use flat thunks, your application cannot be ported to Windows NT. 

Compatibility with Existing 16·Bit DLLs 
The Thunk Compiler accepts the following compatibility statement. 

win31compat = true; 

You must use this statement if a 16-bit DLL replaces a DLL that is currently used 
in a Windows version 3.1 environment or if the DLL runs as part of a graphics 
device interface (GDI) device driver. You should probably use this statement 
even if your 16-bit DLL does not fit into one of these categories, because it pro­
vides extra protection against poorly behaved DLLs that might be used by your 
thunkDLL. 

The compatibility statement causes the unloading of a 32-bit DLL to be deferred 
until the containing process terminates. Use of this statement ensures that inter­
process loading and freeing procedures, which may have worked with a pure 16-bit 
DLL, will not cause the thunked version of the 32-bit DLL to be freed prematurely. 
It also allows the 16-bit library to be freed without execution of the 32-bit DLL's 
notification routine-an occurrence that could cause reentry into 16-bit code. 
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16· to 32·Bit Thunks and Preemption 
Because 16-bit processes multitask cooperatively with respect to each other, 
16-bit code is often written with the assumption that it will not be interrupted by 
another process until it explicitly yields the 16-bit scheduler (typically by calling 
the GetMessage function). In contrast, 32-bit code is written with the expectation 
that it can wait on Win32 synchronization objects without impeding the progress of 
other processes. If you mix code written under these different assumptions, you 
should take care to avoid deadlocks or errors due to unexpected reentrancy. 

While a process is executing 32-bit code, it is possible for other processes to enter 
16-bit code, possibly reentering the 16-bit code that was thunked from. That is, 
entering a 16- to 32-bit thunk releases the 16-bit subsystem for use by other 
processes (under certain conditions noted in the following paragraph). Thus, 16- to 
32-bit thunks should not be used if your code cannot be reentered at that time. 
In addition, you should avoid using 16- to 32-bit thunks inside callback functions 
passed to a third-party DLL, unless it is documented that the code calling the call­
back function is reentrant. (For example, if the callback function is allowed to yield, 
it is probably reentrant.) 

If the process executing the thunk is 32 bits, any other process can reenter 16-bit 
code inside a 16- to 32-bit thunk. On the other hand, if the process executing the 
thunk is 16 bits, only 32-bit processes can reenter 16-bit code, because 16-bit 
processes are cooperatively multitasked with respect to each other. Thus, if your 
16-bit code is used only by 16-bit processes, the reentrancy requirement can be 
relaxed, because other 16-bit processes can get control only if your 16-bit process 
yields. (A DLL cannot control what applications call it, of course, so guaranteeing 
that your 16-bit code will be used only by 16-bit processes is difficult.) There are 
other restrictions on what can be done in 16-bit processes, as described in the 
following section, "Behavior ofWin32 Functions Inside 16-Bit Processes" later in 
this article. 

Behavior of Win32 Functions Inside 16·Bit Processes 
In Windows 95, 16- to 32-bit thunks are primarily useful for implementing callback 
thunks on 32-bit processes. They can also be used to execute 32-bit code in 16-bit 
processes. Although the latter can improve performance and multitasking, there are 
important restrictions on what can be done in a 16-bit process. 
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The "bitness" of a process is detennined by the format of the executable file 
that launched it, and it is a permanent attribute of the process. A 16-bit process 
executing 32-bitcode is not the same as a 32-bit process executing the same code. 
The following important differences apply: 

• The 32-bit code will still execute on the stack reserved by the 16-bit application, 
which is much smaller than the 1MB stack used by true 32-bit applications. 

16-bit processes cannot create new threads. Certain Win32 API elements, such 
as the functions supporting the new common dialog boxes or those supporting 
console applications, create threads on behalf of the calling application. These 
functions cannot be used in a 16-bit process. 

• Thunking into 32-bit code releases the 16-bit subsystem to other 32-bit pro­
cesses, but other 16-bit processes will still be blocked, unless your process 
explicitly yields (typically by calling the GetMessage function). In other 
words, 16-bit applications still multitask cooperatively even when executing 
32-bit code. This means that no 16-bit application will get processing time if 
a 16-bit application blocks for a long time without yielding. A common problem 
is using the CreateProcess function to launch a 16-bit application and then 
waiting on a synchronization object to do something. If the application does not 
yield, the new application will never run and signal the object, so deadlock will 
occur. 

One way to avoid this problem is to use the MsgWaitForMultipleObjects 
function to wait for either messages or synchronization objects. Although this 
solution is effective when required, it still results in a less efficient blocking 
operation than that of a 32-bit application. 

In general, 32-bit code within 16-bit processes should be limited to code that uses 
the 32-bit heap functions, memory-mapped file functions, file functions, and 
functions involving the current process and thread. 32-bit code using GDI, dialog 
box, message box, and message functions will also work within 16-bit processes. 
You should avoid using third party libraries, unless you are sure they work safely in 
a 16 bit-environment. 

Globally Fixing Handles 
Translating a 16:16 pointer to a 0:32 pointer involves detennining the segment base 
for the selector portion of the pointer and adding the offset to it. The global memory 
compacter in Windows 95 may move a block of memory at any time, however, 
making the linear address invalid. When the Thunk Compiler converts pointers from 
16 bits to 32 bits, it fixes the segment portion before computing the linear address. 
If you translate pointers without using the Thunk Compiler, however, you must be 
aware of the requirement to fix the segment portion. For more information about 
the functions you can use to translate pointers, see "Translating Pointers Outside 
Thunks" later in this article. 
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16· to 32·Bit Thunks in GDI Device Drivers 
The following compatibility statement is required for any 16- to 32-bit thunk script 
that runs as part of a GDI device driver. 

win31compat - true: 

You may only thunk using the following control display driver interface (DDI) 
functions in a GDI device driver. 

Control(ABORTDOC) 

Control(ENDDOC) 

Control(NEWFRAME) 

Control(NEXTBAND) 

Control(ST ARTDOC) 

If you use thunking, your driver must be reentrant. 

You may call the OpenJob, StartSpoolPage, EndSpoolPage, CloseJob, and 
DeleteJob functions during the five listed control DDI calls. These calls will 
go through drivers written for Windows version 3.x for the sake of backward 
compatibility, but they will fail for Windows 95-based drivers. 

Generic Thunking Mechanism 
Windows 95 supports the Windows NT generic thunk functions and the 
Windows NT version 3.5 extensions. The Win32s universal thunk mechanism 
is not supported. 

The same limitations apply to generic thunks as to the flat thunks introduced in 
Windows 95. For more information, see ''Thunking Models" earlier in this article. 

The following thunking functions are implemented in the Windows 95 KRNL386 
and can be called by 16-bit Windows applications. 

Ca1lProc32W 

CallProcEx32W 

FreeLibrary32W 

GetProcAddress32W 

GetVDMPointer32W 

LoadLibraryEx32W 
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The following WOW32 thunking functions are implemented in Windows 95. 
Win32 applications can call these functions. (You should avoid using these 
functions inside shared DLLs.) 

WOWCallback16 

WOWCallback16Ex 

WOWGetVDMPointer 

WOWGetVDMPointerFix 

WOWGetVDMPointerUnflx 

WOWGIobalAlIoc16 

WOWGIobaiAlIocLock16 

WOWGIobaiFree16 

WOWGIobaiLock16 

WOWGIobaiLockSize16 

WOWGIobaiUnlock16 

WOWGIobaiUniockFree16 

WOWHandle16 

WOWHandle32 

Because of architectural differences between Windows NT and Windows 95, 
programs using generic thunks may not be portable between the two platforms. 
In particular, a Win32 function that works with Windows NT in a 16-bit process 
is not guaranteed to do so with Windows 95 and vice versa. Also, Windows 95 
may activate the global memory compacter at times where Windows NT would 
not and vice versa. Finally, generic thunks work differently in 32-bit processes in 
Windows 95, and they do not work at all on 32-bit processes in Windows NT. 

Because generic thunks are wrappers around flat thunks, they are subject to 
the same synchronization issues as flat thunks. For more information about 
synchronization issues, see "Compatibility with Existing 16-Bit DLLs" earlier in 
this article and "Behavior ofWin32 Functions Inside 16-Bit Processes" earlier 
in this article. 

Using the Thunk Compiler 
The Microsoft Win32 Software Development Kit (SDK) includes a sample 
application that illustrates the use of the Thunk Compiler. This application, 
APP32.EXE, simply thunks some basic types from 32 bits to 16 bits. This 
sample is an important supplement to the information in this topic. 

The thunk compiler's input is a "thunk script," which i~ a list of C style 
function prototypes and type definitions. The compiler produces an .ASM file, 
which is really two .ASM files in one. You can assemble this .ASM file with 
the -DIS_16 option to get the 16-bit .OBJ file to link to the 16-bit component 
and then assemble it with the -DIS_32 option to get the 32-bit .OBJ file to link to 
the 32-bit component. 
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The 16-bit component of the .ASM file contains a jump table containing the 16:16 
address of each function named in the thunk scripts. (The linker must be able to 
resolve these references; the functions must use the Pascal calling convention and 
either be implemented in the 16-bit DLL or be imported by the DLL.) The 32-bit 
half of the .ASM file contains a Stdcall function for each thunk, which converts 
its parameters to 16 bits and then employs some internal processing to call the 
16-bit target referenced in the jump table. When a 32-bit application uses a thunked 
function, it calls these compiler-generated Stdcall functions directly. 

For example, a thunk script's declaration for the LineTo function might look like 
this. 

typedef int INT; 
typedef unsigned int UINT; 
typedef UINT HANDLE; 
typedef HANDLE HDC; 

BOOl lineTo(HDC. INT. INT) 
} 

For more information about thunk script files, see "Script Files" later in this article. 

An application would never include the LineTo function in a thunk script, of 
course, because this function already exists in 16- and 32-bit versions. This exam­
ple (and the assembly language example that follows) are intended to illustrate the 
process; the assembly language code, in particular, could differ from the actual code 
that is generated by the current version of the Thunk Compiler. 

When the preceding example from a thunk script is processed by the Thunk 
Compiler, the following assembly language code is generated. On the 16-bit half, 
there is the following jump table. 

externDef lineTo:far16 

FT_gdiTargetTable label word 
dw offset lineTo 
dw seg lineTo 
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The 32-bit half contains the following code. 

public lineTo@12 
lineTo@12: 

mov cl,0 
lineTo(16) = LineTo(32) {} 

dword ptr [ebp+8]: 
dword ptr [ebp+12]: 
dword ptr [ebp+16]: 

paraml 
param2 
param3 

public IIlineTo@12 
I I Li neTo@12: 

call OT_Entry 
push 
push 
push 
call 
movsx 
jmp 

word ptr [ebp+8] 
word ptr [ebp+12] 
word ptr [ebp+16] 
OT_Target_gdi 

ebx, ax 
OT_Exit12 

;paraml: dword->word 
;param2: dword->word 
;param3: dword->word 

When a Win32-based application calls the LineTo function, it transfers directly to 
this routine, which builds a 16-bit call frame and calls a local routine asking it to 
look up the appropriate address in the jump table and sign-extend the return value. 
(Each component receives its own set of QT _ routines, which automatically use 
the correct jump table. The QT _ and Ff _ routines are exported by the kernel.) 

Script files contain descriptions of the functions that are thunked. These files 
usually have a .THK filename extension. The script files are easily created using 
function prototypes. For example, a function might be prototyped in the following 
manner. 

BOOl WINAPI Sample(int n); 

The corresponding definition would look like this in the script file. 

typedef bool BOOl; 
typedef int INT; 

BOOl Sample(INT n) 
{ 

} 
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Many functions take pointers in their parameter lists. Some pointers are for input 
only, some are output only, and some are for both input and output. For example, 
a "ThunkIt" function might take a pointer to an input string, update a second string, 
and produce a third string as output in the following manner. 

BOOl WINAPI Thunklt(lPSTR lpstrlnput, lPSTR lpstrlnOut, lPSTR Output); 

The corresponding thunk script declaration for the function follows. 

typedef char *lPSTR; 

BOOl Thunklt(lPSTR lpstrlnput, lPSTR lpstrlnOut, lPSTR Output) 
{ 

pstrlnput = input; II optional, because pointers are input 
II by default 

lpstrlnOut = inout; . I I pointer taken in and updated 
lpstrOutput = output; II pointer returned 

When a pointer is passed from 32-bit to 16-bit code, a single selector with a limit 
of 64 K is allocated in the thunk. If the Win 16 code needs to access more than the 
fIrst 64K of the block, it must change the base address of the selector or allocate 
additional selectors to access the block. 

The thunk compiler supports the following constructions: 

• Structures passed by value or reference. 

• Structures within structures. 

• Pointers within structures, provided that the object pointed to does not require 
repacking. The object can be another structure. 

• Arrays of scalar values embedded in structures. 

• The "input", "output," and "inout" qualifiers for pointers, as shown in the 
preceding example. The default qualifIer is "input." 

• Returning pointers for 32- to 16-bit thunks, provided that the object pointed 
to requires no repacking. The object can be a structure. The segment is not 
globally fIxed by the thunk compiler. As a general rule, the Thunk Compiler 
deallocates the selectors that it allocates. 

• The bool type. This type is preferred over int in situations where an application 
may use nonzero values other than 1 to represent TRUE. 

The Thunk Compiler does not support arrays of pointers, arrays of structures, or 
floating-point types (such as float or double). 
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Procedure for Adding Flat Thunks 
You should follow these steps to add flat thunks: 

1. Write a thunk script containing thunk declarations and type definitions for 
the functions that need to be thunked. You should place the following line 
at the beginning of the script to create 32- to 16-bit thunks. 

enablemapdirect3216 = true; II creates 32 to 16 thunks 

Alternatively, you can use this line to create 16- to 32-bit thunks. 

enablemapdirect1632 = true; II creates 16 to 32 thunks 

2. Compile your thunk script,. 

thunk.exe <inputfile> [-0 <outputfile>J 

The thunk compiler has the following command line. 

thunk [{ -I/} options] infile[.ext] 

? 

h 

o name 

pn 

Pn 
tname 

Nxname 

Displays the help screen. 

Displays the help screen. 

Overrides the default output filename. 

Changes the 16-bit structure alignment (default = 2). 

Changes the 32-bit structure alignment (default = 4). 

Overrides the default base name. 

Specifies the name segment or class where x is either C32 
(for 32-bit code segment name) or C16 (for 16-bit code segment 
name). 

3. Assemble the resulting .ASM file to create the 16-bit side of the thunk, and 
make sure to define the DIS_16 option. For example, using Microsoft MASM 
version 6.11, you might use the following command line. 

ml IDIS_16/c IW3 Inologo IFo thk16.obj 32to16.asm 

4. Make sure to mark your 16-bit DLL as being compatible with subsystem 
version 4.0 by running the Microsoft Resource Compiler (RC.EXE), which 
is included in the Win32 SDK, on the DLL. 

\mstools\bin16\rc -40 <.DLL output file> 

Important If the 16-bit DLL is not marked for subsystem version 4.0, the 
32-bit DLL will not load. For more information, see "Troubleshooting" later 
in this article. 
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5. Assemble the resulting .ASM file to create the 32-bit side of the thunk, and 
make sure to define the DIS_32 option. For example, using Microsoft MASM 
version 6.11, you might use the following command line. 

ml ID1S_32 Ie IW3 Inologo IFo thk32.obj 32to16.asm 

6. Add the entrypoint functions to the DLLs and the export and import statements 
to their module-definition (.DEF) files. 

7. Compile and link the 16- and 32-bit components. 

8. The code generated by the Thunk Compiler links to several Windows 95 
entrypoint functions in KRNL386.EXE and KERNEL32.DLL. These entry­
point functions are specific to the Thunk Compiler and are not supported in 
Windows NT. 

The entrypoint functions for KERNEL32.DLL are defined in THUNK32.LIB. 
You must link your 32-bit DLL with this library file. 

In addition, the following two import statements should be added to the .DEF 
file for the 16-bit DLL. 

C16ThkSl01 = KERNEl.631 
ThunkConneet16 = KERNEl.651 

Once again, these entrypoint functions exist only in Windows 95 and not 
in Windows NT. Attempts to load DLLs that use these functions will fail in 
Windows NT. 

Implementing a Thunking Layer 
The thunking model allows either the 16- or 32-bit thunk component to start first 
and clean up everything afterward. Follow these steps to implement the thunking 
layer: 

1. Add a procedure named "DllEntryPoint" to your 16-bit DLL. This procedure 
should look like the following example. (The names of the DLLs are for 
illustration only.) 

BOOl FAR PASCAL __ export SAMP_ThunkConneet16(lPSTR pszDll16, 
lPSTR pszDl132, WORD hlnst, DWORD dwReason); 

BOOl FAR PASCAL __ export DllEntryPoint(DWORD dwReason, WORD hlnst, 
WORD wDS, WORD wHeapS;ze, DWORD dwReservedl, 
WORD wReserved2) { 
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if (!(SAMP_ThunkConnectI6("DLLI6.DLL". II name of I6-bit DLL 
"DLL32.DLL". II name of 32-bit DLL 
hInst. dwReason») 

return FALSE; 

return TRUE; 

In this example, "SAMP" is the base name-that is, the name of the thunk 
script file, not including the path and filename extension. If you used the /t 
option with the Thunk Compiler to specify a different base name, you would 
use the new base name in your procedure. You could, for example, use follow­
ing command line. 

THUNK It MYNAME SAMP.THK 

The thunk compiler generates the MYNAME_ThunkConnectl6 routine, which 
should then be called in the DllEntryPoint procedure. 

2. Add the following import and export statements to your 16-bit DLL's module 
definition (.DEF) file, picking ordinals that are appropriate for your DLL. 

EXPORTS 
DllEntryPoint @I RESIDENTNAME 
SAMP_ThunkDatal6 @2 
IMPORTS 
CI6ThkSL0I KERNEL.63I 
ThunkConnectI6 = KERNEL.65I 

3. Add the following function to your 32-bit DLL's entrypoint procedure (named 
DllMain by default). Again, the names of the DLLs are for illustration only. 

BOOL WINAPI SAMP_ThunkConnect32(LPSTR pszDlll6. LPSTR pszDl132. 
DWORD hIinst. DWORD dwReason); 

BOOL _stdcall DllMain(DWORD hInst. DWORD dwReason. 
DWORD dwReserved) { 

if (!(SAMP_ThunkConnect32("DLLI6.DLL". II name of I6-bit DLL 
"DLL32.DLL". II name of 32-bit DLL 
hlnst. dwReason») { 

return FALSE; 
} 

II Process dwReason. 
} 

4. Add the following export statement to your 32-bit DLL's .DEF file. 

EXPORT 
SAMP_ThunkData32 
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The following implementation rules are very important: 

• The 16-bit DllEntryPoint function is called each time the module's usage count 
is incremented or decremented. The dwReason parameter is 1 when the usage 
count is incremented and zero when it is decremented. 

• Because the system calls the DllEntryPoint function while loading is underway, 
the value returned by the GetModuleUsage function is not reliable if you call it 
inside your DllEntryPoint function. 

• Do not call thunks inside the DllEntryPoint routines. Do not perform oper­
ations that reenter the 16-bit loader, yield the 16-bit scheduler, or release the 
16-bit subsystem. These actions could cause unpredictable results and are not 
guaranteed to work in future versions of the Thunk Compiler. 

• You can have multiple ThunkConnectXX calls, so long as they connect to 
the same DLL. In fact, this is the only way to get both 32- to 16-bit and 16-
to 32-bit thunks in one thunk-paired DLL set. The procedure is to have a thunk 
script for each direction and link both into each DLL. Then each entrypoint 
function will have two ThunkConnect calls. 

Translating Pointers Outside Thunks 
You may occasionally need to translate 16:16 pointers to 0:32 pointers out­
side of thunks. The GetVDMPointer32W, WOWGetVDMPointer, and 
WOWGetVDMPointerFix functions accomplish this. These functions are 
only required outside of thunks, because when pointers are thunked from 16 to 32 
bits by the Thunk Compiler, no special handling is required to fix the segments. 
Because the Thunk Compiler fixes these segments automatically, 16:16 pointers 
can be passed to these thunks with no special treatment. 

GetVDMPointer32W is a 16-bit function and is portable across Windows NT 
versions 3.1 and 3.5. 

WOWGetVDMPointer is a 32-bit function and is portable across Windows NT 
version 3.5, but not Windows NT version 3.1. 

WOWGetVDMPointerFix is a new 32-bit function. It is similar to 
WOWGetVDMPointer, but ensures that the memory pointed to will not be 
moved by the global memory compacter until WOWGetVDMPointerUnnx has 
been called. Using WOWGetVDMPointerFix and WOWGetVDMPointerUnnx 
is faster and easier than using WOWGetVDMPointer or GetVDMPointer32W. 

If you use GetVDMPointer32W or WOWGetVDMPointer and the affected 
segment points to a movable global memory manager block, it is important to call 
the GlobalFix or GlobalWire function on the segment portion before computing 
its linear address. In Windows 95, the global memory compacter can break in at 
any time when your process is in 32-bit code. If this happens, the block may move 
and the linear address will become invalid. The debugging version of Windows 95 
generates warnings about calls to GetVDMPointer32W on unfixed segments. 
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WOWGetVDMPointerFix converts a 16:16 pointer to a linear address like 
WOWGetVDMPointer. However, it also performs an implicit GlobalFix 
operation on the selector, if necessary. If the selector is allocated as a fixed 
block or if it is not from the global memory manager, no special action is taken. 
You should use this function instead of calling GlobalFix separately, because it 
is easier to implement and performance is better. 

WOWGetVDMPointerUnflxtakes a 16:16 address and undoes the effect of 
WOWGetVDMPointerFix on the segment (the offset portion is ignored). 
This function should be called once the linear address. is no longer needed to 
avoid bottlenecks in the global memory manager. It is faster than the GlobalUnflx 
function and correctly handles (that is, ignores) selectors that are not from the 
global memory manager. 

Note that the CallProc32W and CallProc32ExW functions do not call these 
functions for you. Pointers passed to these functions must be fixed manually. 

Windows 95 improves system performance by supporting late loading for thunk 
DLLs. Loading the 16-bit DLL does not cause the corresponding 32-bit DLL to 
load immediately. Instead, the thunk subsystem loads the 32-bit DLL when the 
first 16- to 32-bit thunk is started. 

Late loading has the following implications: 

• The performance and working set are improved for 16-bit applications that 
use only the 16-bit portions ofthunked DLLs. The 32-bit DLL will not load 
into those processes. 

• The 16-bit DLL must not depend on any action taken by the 32-bit DLL's 
initialization code until at least one 16- to 32-bit thunk has been called. 

• Missing 32-bit DLLs or failed 32-bit loads will not be detected until the 
first call is made to a 16- to 32-bit thunk. If the 32-bit DLL cannot load 
or fails to initialize, the 16- to 32-bit thunk call will return a value of zero. 
This error code may be changed on a thunk by thunk basis by including a 
faulterrorcode = dword; line between the curly braces of a function call. 
For example, the following function instructs the thunk subsytem to return 
a-I from the thunk call if it is the first thunk call and the 32-bit DLL cannot 
finish loading. 

int Sample(void) { 
faulterrorcode = -1; 

} 
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Although late loading is a valuable optimization for a 16-bit DLL that can execute 
autonomously from its 32-bit partner, it does complicate error recovery. Late load­
ing can be disabled by including the following line in the thunk script. 

preload32 = true; 

If you use this option, the 16-bit subsystem will be released during the loading 
of your 16-bit DLL, possibly causing other 16-bit code to be reentered. For this 
reason, the preload32 statement is not available if your thunk script requires the 
win31compat statement. For more information about the win31compat statement, 
see "Compatibility with Existing 16-Bit DLLs" earlier in this article. 

Although the thunk compiler supports a "preload16" keyword for future expansion, 
late loading of 16-bit DLLs is neither supported nor planned. 

Troubleshooting 
This section outlines two common problems when thunking is implemented and 
describes their likely causes. 

• The 32-bit DLL will not load. 

The Windows 95 loader requires that the 16-bit DLL be marked as subsystem 
version 4.0 or greater for the DllEntryPoint function to run. In addition, 
DIIEntryPoint must be exported using the name "DllEntryPoint" and must 
be marked RESIDENTNAME. 

To check the version number, run the Microsoft EXE File Header Utility 
(EXEHDR), using the following command line. 

exehdr -v <your-16-bit-DLL> 

The output should contain the following line. 

Operating system: Microsoft Windows - version 4.0 

If the subsystem version number is less than 4.0, you should use RC.EXE from 
the Win32 SDK to set the version of your 16-bit DLL correctly. 

• Loading the 16-bit DLL does not load the 32-bit DLL. 

This is by design. A 32-bit DLL does not load into a process context until that 
process calls its fust 16- to 32-bit thunk. For more information, see "Late 
Loading" earlier in this article. 

If this feature is incompatible with your DLL design, you may disable it by 
including the following line in your thunk script. 

preload32 = true; 
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Reference 
The following functions are associated with the Thunk Compiler. 

16·bit WOW Functions 
The functions in this section are 16-bit WOW API elements exported by kernel for 
use in generic thunks. 

CaliProc32W 
DWORD FAR PASCAL CallProc32W(DWORD paraml, DWORD param2, 

LPVOID lpProcAddress32, DWORD fAddressConvert, DWORD nParams); 

Used by a 16-bit thunk dynamic-link library (DLL) to call an entrypoint function in 
a 32-bit DLL. 

• Returns a 32-bit value if successful. This value is the return value from the 
32-bit entrypoint function represented by IpProcAddress32. The return value 
can also be zero if lpProcAddress32 is zero or if nParams is greater than 32. 

paraml through param32 
Parameters for the 32-bit procedure represented by lpProcAddress32. 

lpProcAddress32 
32-bit value corresponding to the procedure to be called, which is returned by 
the GetProcAddress32 function. 

JAddressConvert 
Bit mask representing which parameters will be treated as 16:16 pointers and 
translated into flat linear pointers before being passed to the 32-bit procedure. 

nParams 
Number of DWORD parameters passed (not countingJAddressConvert and 
nParams). For functions that take no parameters, this parameter will be zero. 

CallProc32W takes at least three parameters: lpProcAddress32,JAddressConvert, 
and nParams. In addition, it can take a maximum of 32 optional parameters. These 
parameters must be DWORD types and must match the type that the 32-bit thunk 
DLL is expecting. If the appropriate bit is set in the JAddressConvert mask, the 
parameter will be translated from a 16:16 pointer to a 32-bit flat linear pointer.· 
Note that the lowest bit in the mask represents paraml, the second lowest bit 
represents param2, and so on. 

This function causes Windows 95 to release the 16-bit subsystem. If this function 
is used exclusively in 16-bit processes (as in Windows NT), there are no new 
reentrancy issues. Otherwise, the use of this function can cause 16-bit code to be 
reentered. For more information about reentrancy issues, see "Behavior of Win32 
Functions Inside 16-Bit Processes" earlier in this article. 
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Unlike the flat thunks, CallProc32W and CaUProc32WEx do not automatically 
fix global memory handles that are translated to 0:32 pointers. Therefore, you must 
call the GlobalFix or GlobalWire function on the handle fIrSt. In Windows 95, 
global compaction can move memory blocks at any time while the current thread 
is executing 32-bit code. Because of this, certain pointer translation practices that 
worked in Windows NT may cause small, but undesirable, race conditions in 
Windows 95. 

Note You should be careful when using this function, because there is no compiler 
check made on the number and type of parameters, no conversion of types (all 
parameters are passed as DWORDs and are passed directly to the function called 
without conversion). No checks of the 16:16 address are made (limit checks, 
NULL checks, correct ring level, and so on). 

CaliProcEx32W 
DWORD FAR CallProcEx32W(DWORD nParams. DWORD fAddressConvert. 

DWORD lpProcAddress. DWORD paraml •... ); 

Used by a 16-bit thunk dynamic-link library (DLL) to call an entrypoint function in 
a 32-bit DLL. 

• Returns a 32-bit value if successful. This value is the return value from the 
32-bit entrypo~nt function represented by lpProcAddress. The return value can 
also be zero if lpProcAddress is zero or if nParams is greater than 32. 

nParams 
Number of DWORD parameters passed (not countingfAddressConvert and 
nParams). For functions that take no parameters, this parameter will be zero. 

fAddressConvert 
Bit mask representing which parameters will be treated as 16:16 pointers and 
translated into flat linear pointers before being passed to the 32-bit procedure. 

lpProcAddress 
32-bit value corresponding to the procedure to be called, which is returned by 
the GetProcAddress32 function. 

paraml through param32 
Parameters for the 32-bit procedure represented by lpProcAddress 
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CallProcEx32W is similar to CallProc32W, but it uses the C calling convention ' 
to allow easier and more flexible prototyping. 

This function causes Windows 95 to release the 16-bit subsystem. If this function 
is used exclusively in 16-bit processes (as in Windows NT), there are no new 
reentrancy issues. Otherwise, the use of this function can cause 16-bit code to be 
reentered. For more information about reentrancy issues, see "Behavior of Win32 
Functions Inside 16-Bit Processes" earlier in this article. 

Unlike the flat thunks, CalIProc32W and CalIProc32WEx do not automatically 
fix global memory handles that are translated to 0:32 pointers. Therefore, you must 
call the GlobalFix or GlobalWire function on the handle first. In Windows 95, 
global compaction can move memory blocks at any time while the current thread 
is executing 32-bit code. Because of this, certain pointer translation practices that 
worked in Windows NT may cause small, but undesirable, race conditions in 
Windows 95. 

FreeLibrary32W 
BOOl FAR PASCAL Freelibrary32W(DWORD hlnst); 

Allows a 16-bit thunk dynamic-link library (DLL) to free a 32-bit thunk DLL that 
it had previously loaded by using the LoadLibraryEx32W function. 

• Returns TRUE if successful or FALSE otherwise; 

hlnst 
This function thunks to the Win32 FreeLibrary function. For a complete 
description of this parameter, see the documentation included in the 
Win32 SDK. 

Note that WOW does not do any cleanup of 32-bit thunk DLLs when the WOW 
task exits. It is up to the 16-bit thunk DLLs to free the 32-bit thunk DLLs, as 
necessary. 

This function causes Windows 95 to release the 16-bit subsystem. Therefore, 
your code may be reentered during the call to this function. However, if this 
function is only used in 16-bit processes (as in Windows NT) and none of the 
DLL's notification routines yield, this reentrancy will not occur. 
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GetProcAddress32W 
DWORD FAR PASCAL GetProcAddress32W(DWORD hModule. LPCSTR lpszProc); 

Allows a 16-bit thunk dynamic-link library (DLL) to retrieve a value that 
corresponds to a 32-bit thunkroutine. 

• Returns a 32-bit value if successful. This value must be passed as a parameter to 
the CallProc32W or CallProcEx32W function rather than being used directly. 

hModule through lpszProc 
This function thunks to the Win32 GetProcAddress function. For a com­
plete description of these parameters, see the documentation included in the 
Win32 SDK. 

This function causes Windows 95 to release the 16-bit subsystem. Therefore, 
your code may be reentered during the call to this function. However, if this 
function is only used in 16-bit processes (as in Windows NT) and none of the 
DLL's notification routines yield, this reentrancy will not occur. 

GetVDMPointer32W 
DWORD FAR PASCAL GetVDMPointer32W(LPVOID lpAdd~ess. UINT fMode); 

Allows a 16-bit thunk dynamic-link library (DLL) to translate a 16-bit far pointer 
into a 32-bit flat pointer for use by a 32-bit thunk DLL. 

• Returns a 32-bit linear address if successful or NULL otherwise. 

lpAddress 
Valid 16:16 address, either in protected or real mode. 

fMode 
One of the following flags: 

1 The address is interpreted as a protected-mode address. 

o The address is interpreted as a real-mode address. 

The WOW kernel memory manager moves segments in memory and keeps 
the selectors the same. However, if you get the linear address, it may not be 
valid if the memory manager has moved memory. You should assume that global 
compaction can occur any time that a 16- to 32-bit flat thunk or generic thunk is 
entered, a function is called, or the current task yields. 
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LoadLibraryEx32W 
~WORD FAR PASCAL LoadLibraryEx32W(LPCSTR lpszLibFile. DWORD hFile. 

DWORD dwFlags); 

Allows a 16-bit thunk dynamic-link library (DLL) to load a 32-bit thunk DLL. 

• Returns a 32-bit handle to a DLL instance if successful or NULL otherwise. 

IpszLibFile through dwFlags 
This function thunks to the Win32 LoadLibraryEx function. For a com­
plete description of these parameters, see the documentation included in the 
Win32 SDK. 

After calling this function, the 16-bit thunk DLL can call the 
GetProcAddress32W function to get the address of the 32-bit entrypoint 
function(s) and then call the thunk(s) by using the CallProc32W function. 

This function causes Windows 95 to release the 16-bit subsystem. Therefore, 
your code may be reentered during the call to this function. However, if this 
function is only used in 16-bit processes (as in Windows NT) and none of the 
DLL's notification routines yield, this reentrancy will not occur. 

32·bitWOW Functions 
The functions in this section are 32-bit WOW API elements exported by 
WOW32.DLL. 

WOWCaliback16 
DWORD WINAPI WOWCallback16(DWORD vpfn16. DWORD dwParam); 

Used in 32-bit code called from 16-bit code (through generic thunks) to call back to 
the 16-bit side (generic callback). 

• The return value comes from the callback routine. If the callback routine returns 
a WORD type instead of a DWORD type, the upper 16 bits of the return value 
are undefined. If the callback routine has no return value, the entire return 
value of this function is undefined. 

vpfn16 
Pointer to 16-bit callback routine, which is passed from the 16-bit side. 

dwParam 
Parameter for the 16-bit callback routine. 



642 Programmer's Guide to Microsoft Windows 95 

This function will not'work when called in a 32-bit process. 

The 16-bit function to be called must be declared with one of the following types . .. 
lONG FAR PASCAL CallbackRoutine(DWORD dwParam); 

lONG FAR PASCAL CallbackRoutine(VOID FAR *vp); 

The type used is determined by whether the parameter is a pointer. 

If you are passing a pointer, you will need to get the pointer by using either the 
WOWGIobaIAlloc16 or WOWGIobaIAllocLock16 function. 

WOWCaliback16Ex 
BOOl WINAPI WOWCallback16Ex(DWORD vpfn16. DWORD dwFlags. DWORD cbArgs. 

PVOID pArgs. PDWORD pdwRetCode); 

Used in 32-bit code called from 16-bit code (through generic thunks) to call back to 
the 16-bit side (generic callback). 

• If cbArgs is larger than the WCB16_MAX_ARGS bytes that the system 
supports, the return value is FALSE and the GetLastError function returns 
the ERROR_INVALID_PARAMETER value. Otherwise, the return value is 
TRUE and the DWORD pointed to by pdwRetCode contains the return code 
from the callback routine. If the callback routine returns a WORD type, the 
upper 16 bits of the return code are undefined and should be ignored by using 
LOWORD(dwRetCode). 

vpfn16 
Pointer to 16-bit callback routine, which is passed from the 16-bit side. 

dwFlags 
One of the following flags: 

WCB16_CDECL Calls a _cdecI callback routine. 

Calls a _pascal callback routine (default). 

cbArgs 
Count of bytes in arguments (used to properly clean the 16-bit stack). 

pArgs 
Arguments for the callback routine. 

pdwRetCode 
Return code from the callback routine. 
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This function will not work when called in a 32-bit process. 

WOWCallback16Ex allows any combination of arguments up to 
WCB16_MAX_CBARGS bytes total to be passed to the 16-bit callback 
routine. Regardless of the value of cbArgs, WCB16_MAX_CBARGS bytes 
will always be copied from pArgs to the 16-bit stack. If pArgs is less than 
WCB16_MAX_CBARGS bytes from the end of a page and the next page is 
inaccessible, WOWCallback16Ex will incur an access violation. 

The arguments pointed to by pArgs must be in the correct order for the call­
back routine's calling convention. For example, to call the Pascal routine 
SetWindowText, pArgs would point to an array of words. 

lONG FAR PASCAL SetWindowText(HWND hwnd, lPCSTR lpsz); 

WORD SetWindowTextArgs[] = {OFFSETOF(lpsz), SElECTOROF(lpsz), hwnd}; 

In other words, the arguments are placed in the array in reverse order, with the 
least significant word first for DWORD types and offset first for FAR pointers. 

To call the _cdecl routine wsprintf, pArgs would also point to an array of words. 

lPSTR lpszFormat = "%d Is"; 
int _cdecl wsprintf(lpsz, lpszFormat, nValue. lpszString); 

WORD wsprintfArgs[] = {OFFSETOF(lpsz), SElECTOROF(lpsz), 
OFFSETOF(lpszFormat), SElECTOROF(lpszFormat), nValue, 
OFFSETOF(lpszString), SElECTOROF(lpszString}}; 

In other words, the arguments are placed in the array in the order listed in the 
function prototype with the least significant word first for DWORD types and 
offset first for FAR pointers. 

WOWGetVDMPointer 
lPVOID WINAPI WOWGetVDMPointer(DWORD vp, DWORD dwBytes, 

BOOl fProtectedMode); 

Converts a 16:16 address to the equivalent flat address. 

• Returns a 32-bit address if successful. If the selector is invalid, the return value 
is NULL. 
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vp 
Valid 16:16 address. 

dwBytes 
Size of the block pointed to by vp. 

jProtectedMode 
One of the following flags: 

1 The upper 16 bits are treated as a selector in the local descriptor table. 

o· The upper 16 bits are treated as a real-mode segment value. 

Limit checking is performed only in the checked (debugging) build of the 
WOW32.DLL file, which will cause NULL to be returned when the limit is 
exceeded by the supplied offset. 

This function should never be used on a 16-bit global memory handle selector that 
has not been previously fixed in memory by using the GlobaIFix or GlobalWire 
function. You should assume that global compaction can occur at any time the 
16-bit subsystem is not locked by the current thread. 

WOWGetVDMPointerFix 
lPVOID WINAPI WOWGetVDMPointerFix(DWORD vp, DWORD dwBytes, 

BOOl fProtectedMode); 

Converts a 16:16 address to the equivalent flat address. Unlike the function 
WOWGetVDMPointer, this function calls the GlobalFix function before return­
ing the flat address so that the 16-bit memory will not move around in linear space. 

• Returns a 32-bit address if successful. If the selector is invalid, the return value 
is NULL. 

vp 
Valid 16:16 address. 

dwBytes 
Size of the block pointed to by vp. 

jProtectedMode 
One of the following flags: 

1 The upper 16 bits are treated as a selector in the local descriptor table. 

o The upper 16 bits are treated as a real-mode segment value. 
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WOWGetVDMPointerUnfix 
VOID WINAPI WOWGetVDMPointerUnfix(DWORD vp); 

Uses the GlobalUnflX function to unfix a pointer retrieved by the function 
WOWGetVDMPointerFix. 

• No return value. 

vp 
Address retrieved by the WOWGetVDMPointerFix function. 

WOWGIobaiAlloc16 
WORD WINAPI WOWGlobalAlloc16(WORD wFlags. DWORD cb); 

Thunks to the 16-bit version of the function with the same name. For more 
information, see the documentation for the 16-bit versions. 

WOWGIobaiAliocLock16 
DWORD WINAPI WOWGlobalAllocLock16(WORD wFlags. DWORD cb, WORD *phMem); 

Combines the functionality of the WOWGlobalAIloc16 and WOWGlobalLock16 
functions, thunking to the 16-bit versions of the functions with those names. 
For more information, see the documentation for the 16-bit versions. 

WOWGIobaiFree16 
WORD WINAPI WOWGlobalFree16(WORD hMem); 

Thunks to the 16-bit version of the function with the same name. For more 
information, see the documentation for the 16-bit versions. 
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WOWGIobaiLock16 
DWORD WINAPI WOWGloballock16(WORD hMem); 

Thunks to the 16-bit version of the function with the same name. For more 
information, see the documentation for the 16-bit versions. 

WOWGIobaiLockSize16 
DWORD WINAPI WOWGloballockSize16(WORD hMem, PDWORD pcb); 

Combines the functionality of the WOWGlobalLock16 and GlobalSize functions, 
thunking to the 16-bit versions of the functions with those names. For more 
information, see the documentation for the 16-bit versions. 

WOWGIobaiUnlock16 
BOOl WINAPI WOWGlobalUnlock16(WORD hMem); 

Thunks to the 16-bit version of the function with the same name. For more 
information, see the documentation for the 16-bit versions. 

WOWGIobaiUniockFree16 
WORD WINAPI WOWGlobalUnlockFree16(DWORD vpMem); 

Combines the functionality of the WOWGlobalUnlock16 and 
WOWGlobalFree16 functions, thunking to the 16-bit versions of the functions 
with those milnes. For more information, see·the documentation for the 16-bit 
versions. 
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WOWHandle16 
WORDWINAPI WOWHandle16(HANDLE, WOW_HANDLE_TYPE); 

This function (and the associated macro) is used to map a 32-bit handle to a 16-bit 
handle. Because the relationship between a Win16 handle and a Win32 handle may 
change in the future, this function should be used instead of any private knowledge 
of the relationship between them. 

This function uses the WOW_HANDLE_TYPE parameter to indicate the type of 
handle being translated. Types supported include HWND, HMENU, HDWP, 
HDROP, HDC, HFONT, HMETAFILE, HRGN, HBITMAP, HBRUSH, 
HPALETTE, HPEN, HACCEL, HTASK, and FULLHWND. 

The WOW_HANDLE_TYPE name corresponding to each of these types is of the 
form WOW _TYPE_handle (for example, WOW _TYPE_HWND). 

You can use macros to map handles between Win16 and Win32. For example, to 
map a Win16 HWND to a Win32 HWND, you would use the HWND_32 macro. 

hWnd32 = HWND_32(hWnd16) 

A "full" hWnd is a hWnd that a Win32-based application would see (and therefore 
can be used in comparisons with 32-bit hWnds received from Win32 functions.) 
The other hWnd type has a different value, but is recognized by the system. Do 
not make assumptions about the relationship between the 16-bit hWnd, the 32-bit 
Hwnd, and the 32-bit full hWnd. This relationship has changed in the past (for 
performance reasons), and it may change again in the future. 
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WOWHandle32 
HANDLE WINAPI WOWHandle32(WORD. WOW_HANDLE_TYPE); 

This function (and the associated macro) is used to map a 16-bit handle to a 32-bit 
handle. Because the relationship between a Win16 handle and a Win32 handle may 
change in the future, this function should be used instead of any private knowledge 
of the relationship between them. 

This function uses the WOW _HANDLE_TYPE parameter to indicate the type of 
handle being translated. Types supported include HWND, HMENU, HDWP, 
HDROP, HDC, HFONT, HMETAFILE, HRGN, HBITMAP, HBRUSH, 
HPALETTE, HPEN, HACCEL, HTASK, and FULLHWND. 

The WOW _HANDLE_TYPE name corresponding to each of these types is of the 
form WOW _TYPE_handle (for example, WOW _TYPE_HWND). 

You can use macros to map handles between Win16 and Win32. For example, to 
map a Win16 HWND to a Win32 HWND, you would use the HWND_32 macro. 

hWnd32 = HWND_32(hWnd16) 

A "full" hWnd is a hWnd that a Win32-based application would see (and therefore 
can be used in comparisons with 32-bit hWnds received from Win32 functions.) 
The other h W nd type has a different value, but is recognized by the system. Do 
not make assumptions about the relationship between the 16-bit hWnd, the 32-bit 
Hwnd, and the 32-bit full h Wnd. This relationship has changed in the past (for 
performance reasons), and it may change again in the future. 
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ABM_ACTIVATE message 253,262 
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ABM_GETTASKBARPOS message 263 
ABM_NEW message 252-254, 264 
ABM_QVERYPOS message 252, 254, 264 
ABM_REMOVE message 252, 265 
ABM_SETAUTOHIDEBAR message 253, 265 
ABM_SETPOS message 252,254,266 
ABM_ WINDOWPOSCHANGED message 253, 266 
ABN_FULLSCREENAPP notification message 254, 267 
ABN_POSCHANGED notification message 253-254, 267 
ABN_STATECHANGE notification message 254, 267 
ABN_ WINDOW ARRANGE notification message 254, 268 
Acknowledge Close function 589 
ACM (Audio Compression Manager) 18 
ActivateKeyboardLayout function 52 
Adaptable links, OLE 23 
AddlRemove Programs, Control Panel 108, 162, 176-177 
AddFontResource function 176 
AddForm function 57 
AddMonitor function 57 
AddPointsPenData function 140 
AddPrinterConnection function 57 
AddPropertySheet function 572 
.ADM filename extension See System policies 
ADMIN.ADM, default system policy file 174,442-443,445 
Allocating memory, Windows 95 system limitations 59-60 
AN_PKPD sample application, pen 

code examples 
displaying pen data 152-158 
resizing pen data 149-150 
scaling and trimming pen data 147-149 
setting Rendering option to Scale or Clip 150-152 

loading and saving pen data 142-147 
overview 142 
reading~ writing, and compressing pen data 142-147 

ANIMATE sample application, pen 142 
ANIMATEINFO structure 138,152-153 
Animating pen data (ink) 138, 152-153 
AnsiNext function 601 
AnsiPrev function 601 
Apartment threading model 303 
APP32.EXE, sample application, Thunk Compiler 627 

Appbar See Application desktop toolbars 
APPBARDATA structure 251-252,261 
Application desktop toolbars 

auto hide 253 
code examples 

notification messages, processing 258-260 
registering information 255-256 
setting size and position 256-257 

functions and structures 260-262 
messages 251-252,262-266 
notification messages 254,258-260,266-268 
overview 251 
registering appbars 252,255-256 
size and position, setting 252-253,256-257 

Application directory, creating 164 
Applications 

See also Sample applications 
adding to the Start menu 168-169 
automatically starting and restarting 105 
close-aware 584-585, 589-590 
common dialog boxes, using 85 
consistent interfaces, ensuring by using common 

controls 34-38 
context menus for applications, supporting 32-33 
data transfer operations, supporting 34 
enabling for pen-based systems 159-160 
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Far-Eastern See Double-byte character set; Input method 
editor (IME); International guidelines 

guidelines for creating 29-42 
Help files for, providing 38-39 
icons for OLE objects, supporting interactions with 33 
installation guidelines 40-41 
installing See Installing applications 
integrating with the system 41-42 
international See International guidelines 
long filenames, supporting 31-32 
Middle-Eastern 594-595,615-617 
MS-DOS-based 6-7, 583-590 
multimedia 125-132 
mUltiple instances of 39-40 
pen input, supporting 40 
property sheets for file information, providing 29-31 
registering information for See Registering information 
removing 161, 176-177 
shortcuts, supporting 33-34 
status bars, implementing 76 
version differences See Windows version differences 
Windows 95 Logo requirements See Windows 95 Logo 

requirements 
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Arc function 53 
AssociateProperties function 572-573 
Asynchronous file input and output support 58 
Asynchronous operations, VxDs 429,433 
AT A (IDE) adapters, Windows 95 Logo requirements 48 
AT A (IDE) peripherals, Windows 95 Logo requirements 48 
ATA Packet Interface (ATAPI) 48 
Attributes, file objects or folders 184-185, 195-196 
Audio adapters, Windows 95 Logo requirements 47 
Audio Compression Manager (ACM) 18 
Audio-video interleaved (A VI) file format 18 
Auto-run feature for CD-ROM 175 
AUTOEXEC.BAT 166 
Autohide application desktop toolbars 253 
AUTORUN.INF·175 
AVI (audio-video interleaved) file format 18 
A VISaveOptions function 128 

B 
Batch setup option 162, 173 
BeginEnumStrokes function 139-140 
Binding to folders 181 
BITMAPINFO structure 55-56 
BITMAPINFOHEADER structure 55 
Bitmapped sections, processed by file parsers 

building scan lines 336 
palettes 335 
tiles and scan lines 335-336 

Bitmaps and colors, Windows version differences 68-69 
Boolean functions, Windows 95 system limitations 52 
Boxes See specific box type 
Briefcase reconcilers 

creating 400-401 
definitions 399-400 
embedded objects 402 
interfaces and member functions 403-410 
overview 399 
reconciliation process 399-400 
residues 403 
user interaction 401 

BrowseCallbackProc function 201-202 
BROWSEINFO structure 211-212 
Browsing for folders 183, 189-190 
Brushes, limitations 55 
Buttons 

code example, turning buttons into a toolbar 78 
Decrease Font Size button, file viewer 318 
Increase Font Size button, file viewer 318 
lens buttons, pen data 160 
Replace Window, toolbar button 318 
toolbar, fJle viewer guidelines 317-318 
Windows version differences 65-66 

BUZZER.EXE, sample application, registry 102 
BY _HANDLE_FILE_INFORMA nON structure 540-542 
Byte characters, handling different types of 600-602 

c 
Callback messages 290, 292 
CaliProc32W function 637-638 
CaliProcEx32W function 638-639 
Cancel Close function 589 
Canceling installation programs 163 
Canonical form of absolute filename paths 486 
Canonical verbs 223 
CD-ROM 

auto-run feature 175 
players 131 

CF _HDROP clipboard format 121 
Change Directory (Interrupt 21h) function 514 
Characters 

I-byte 600-602 
2-byte 600-602 
character attributes, word processing file parsers 332-333 
code example, determining character size 604 
converting S04,606-608 
diacritic 615 
full-width 601 
half-width 601 
ideographic 600 
input from IMEs 603-604 
lead bytes 600-602 
ligature 615 
trail bytes 600-602 

CharNext function 598,601 
CharPrev function 598, 601 
Check box states, System Policy Editor properties dialog 

box 445 
CHICOAPP, Explorer-like sample application 

common dialog boxes, using with data 85-91 
list view windows, creating 81-83 
notification messages, handling 91-96 
opening and saving files 85-91 
overview 74-76 
parsing and storing data 84-85 
pop-up context menus, adding 96 
property sheets, incorporating 97-99 
resizing windows 83-84 
status bars, implementing 76 
toolbars, creating 78-79 
tree view windows, creating 79-81 

Children's software, Windows 95 Logo requirements 44 
Chord function 53 
Chunker, defined 330 
CIDA structure 212-213 



Client rectangles, Windows version differences 69 
Client setup program 173 
Clipboard data transfer operations 34 
Clipboard formats 

CF_HDROP 121 
"FileContents" 121 
"FileGroupDescriptor" 121 
"FileName" 120 
"FileN ameMap" 120-121 
"Net Resource" 122 
"PrinterFriendlyName" 121 
"Shell IDListArray" 122 
"Shell Object Offsets" 121 
structures for 122-124 

Close-aware applications, virtual machine services 584-585 
CloseHandle function 425-437, 460, 469 
CloseJob function 626 
ClosePropertiesfunction 573 
CMINVOKECOMMANDINFO structure 247-249 
CoCreatelnstance function 274-275 
Code examples See Examples of code 
Code pages, DBCS enabling 599-600 
Code, optimizing, DBCS enabling 602 
Colnitializefunction 270,274-275,303 
Color dialog box 37 
Colors, Windows version differences 68-69 
COM (OLE Component Object Model) 113-114, 270 
Combo boxes, Windows version differences 67 
COMCTL32.DLL common control library 

See also Common controls 
described 20, 74 

COMDLG32.DLL common dialog box library 
See also Dialog boxes 
described 20 

Command interpreter, for command 488 
Command-line arguments 

link files (.LNK) 272 
Thunk Compiler 631 

Command lines, length limits 488 
Commands for context-menus, enabling 168 
Commands for icon pop-up menus, registering 107-108 
Common controls 

described 34-35 
handling notification messages for 91-96 
header control 35 
list view control 37 
list view windows, creating 81-83 
overview to using 73 
progress bar control 36 
property sheet control 35 
status window control 36 
toolbar controls 36, 78-79 
tooltips 318 
trackbar control 37 

Common controls (continued) 
tree view control 36 
tree view windows, creating 79-81 
up-down control 36 
wizard control 35 

Index 651 

Common dialog boxes See Dialog boxes 
Communication devices, external, Windows 95 Logo 

requirements 50 
Compact setup option 162 
Compatibility 

hardware, multimedia support 131-132 
Input method editor (1MB), previous versions 614 
system policies template file format, different 

versions 452-453 
Thunk Compiler, existing 16-bit DLLs 623 

Component object library, initializing 270 
Component Object Model (COM), OLE 113-114, 270 
Compression 

data compression library 21 
lossless, pen data 141 
pen files 142-147 
video 128 

CompressPenData function 141 
Computer systems, Windows 95 Logo requirements 45-46 
CONFIG.syS 166 
Configuration, hardware and software, determining for 

setup 163 
ConnectToPrinterDlg function 57 
Context menus 

adding menu items to 228-231 
adding registry entries for 168 
adding to applications 96 
enabling commands for 168 
extensions 228 
file classes, modifying for 222-223 
file information 29-31 
handlers for 228-231 
overview 32 -33 
property sheets 29-31 
setting registry entries for 168 
viewport window for file viewers 321 

Control Panel 
AddlRemove Programs application 108, 162, 176-177 
adding applications 108, 162, 176-177 
applications, described 9 
removing applications 108, 162, 176-177 
replacing property sheet pages 234-235 

Controls See Common controls 
Copy hook handlers 235 
Copying 

files, installation programs 163-165 
pen data 140 

CoUninitialize function 270 
CPINFO structure 602 
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Create or Open File (Interrupt 21h) function 528-532 
Create Shortcut command, context menu 269,271 
Create Subst (Interrupt 21h) function 538 
CreateDillitmap function 55 
CreateDillPattemBrush function 55 
CreateDillSection function 55 
CreateFile function 61, 166,425-437 
CreateFileMapping function 59-60 
CreatePattemBrush function 55 
CreatePenDataEx function 137 
CreatePenDataRegion function 138-139 
CreateProcess function 70, 305, 625 
CreateToolbarEx function 79 
CreateToolhelp32Snapshot function 468-469 
CreateWindow function 598 
CreateWindowEx function 606 
Creating 

briefcase reconcilers 400-401 
links to nonfile objects 277 
new policy files 443 
program groups 168 
shortcuts to files 274-275 
Windows 95 applications, overview 29 
windows, code example 76-83 

Cursors, default, OLE 115 
Custom setup option 162 

o 
Data 

parsing and storing, example 84-85 
pen data 

See also Pen data (ink) 
code example, displaying 152-158 
compressing 141-147 
copying or editing 140 
displaying, overview 135, 138-139 
recognizer DLL 135, 141 

Data and frame rates, video 128 
Data compression library 21 
Data files, registering for creation 106 
Data handlers 236 
Data objects, transferring to the shell 119-122 
Data transfer operations, clipboard 34 
Data transfers, OLE 119-122 
Database sections, processed by file parsers 335 
Datacentric design, user interface 29 
DBCS See Double-byte character set 
DDI See Display Driver Interface (DDI) 
Debugging See Tool help functions 
Debugging tips, shell extensions 226 
Decrease Font Size button, file viewer 318 
DEFAULT COMPUTER, system policies 442 

Default cursors, OLE 115 
Default file viewers 300 
Default icons, setting for file classes 221-222 
DEFAULT USER, system policies 442 
DeferWindowPos function 83 
DefWindowProc function 

Input method manager (1MB) 604, 610 
Windows version differences 64, 67 

Delete File (Interrupt 21h) function 515-516 
DeleteFile function 59,428 
DeleteForm function 57 
Deletelob function 626 
DeleteObject function 56 
DeletePrinterConnection function 57 
Deleting 

applications 161, 176-177 
drawing objects 56 
file parsers 328 
filename aliases, or renaming 504 
icons 289-291 
open files 59 
services, Passwords Control Panel 415 

Desktop availability, Windows 95 system limitations 52 
DestroyPenData function 137 
DestroyWindow function 606 
Determine path capability, Windows 95limitations 58 
Development tools, Windows 95 Logo requirements 44-45 
Device drivers, purpose of 5 
Device independent bitmaps (Dills) 55 
Device input and output control (IOCTL) 

code example, calling Get Media ID from Win32-based 
applications 430-431 

overview 425 
service 437 
structures 434-436 
system messages 436-437 
use in applications, described 425 
virtual device drivers See VxDs 
VWIN32.VXD, system VxD 429-430 

Device IOCTL See Device input and output control (IOCTL) 
DeviceCapabilities function 56 
DeviceIoControl function 

device input and output control (IOCTL) 425-437 
dynamically loading VxDs 166 
Windows 95 system limitations 58,61 

DEVMODE structure 57 
Diacritic, defined 615 
Dialog boxes 

appearance 53 
Change Password 416 
code examples See CHICOAPP, Explorer-like sample 

application 
Color 37 
common dialog boxes, using 73,85 
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consistency of appearance 34 
described 16 
Find 37 
Open 37-38 
overview of common dialog boxes 37-38 
Page Setup 37 
Print 37 
Print Setup 37 
Replace 37 
Save As 37-38 
tabbed See Property sheets 
Windows version differences 65 

DIOC_REGISTERS structure 430, 434 
DIOCParams structure 435-436 
Directories 

creating for application files 163 
management of long filenames 505 
using long filenames for application's directory 164 
working, used for shortcut objects 272 

Disk space needed, installation programs 163 
Display adapters, Windows 95 Logo requirements 46-47 
Display Driver Interface (DDI), thunking 626 
Display names, shell's namespace 184-188 
Displaying pen data 

code example 152-158 
overview 135, 138-139 

DlgDirList function 66 
.DLL filename extension See Dynamic-link libraries; 

Registering information 
DllCanUnloadNow function 227 
DllEntryPoint function 634, 636 
DllGetClassObject function 227-228 
DLLs See Dynamic-link libraries (DLLs) 
Document conventions xviii 
Document Summary Information Property Set, OLE 30-31 
Document types, registering during installation program 172 
Documents 

briefcase reconciling, defined 399 
synchronizing files with Briefcase See Briefcase 

reconcilers 
DoDefaultlnput function 135 
DOS Time To File Time (Interrupt 21h) function 536-537 
DosDateTimeToFileTime function 59 
Double-byte character set 

code example, searching for a backslash (\) 601 
code pages 599-600 
double-byte character sets 600-601 
example of using in applications 601-602 
optimizing code 602 
overview 599 

Down-level systems, handling long filenames 484, 506-507 
Downloading system policies 442-443 
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Drag and drop 
adding drop capabilities 115-117 
clipboard formats for shell data transfers 119-122 
file viewer guidelines 321 
handlers for 231-232 
OLE concepts 23, 113-114 
overview 113 
resource information, additional 122 
scrap files 118-119 
structures 122-124 

DrawDibDraw function 129 
Drawing objects, deleting 56 
DRA WITEMSTRUCT structure 67 
DrawPenData function 138-139 
DrawPenDataEx function 138-139 
DRIVE_MAP _INFO structure 497-498 
Drop handlers 236 
DROPFILES structure 122-123 
DuplicateHandle function 60-61 
DuplicatePenDatafunction 137 
Dynamic-link libraries (DLLs) 

COMCTL32.DLL common control library 74 
compatibility with existing 16-bit DLLs 623 
copying during installation 164 
file parser 301 
installation programs 163 
pen display 133 
PENWIN.DLL pen display library 27, 135 
PENWIN32.DLL pen display library 27, 135 
PlFMGR.DLL See Program information file management 
PKPD.DLL pen display library 27, 133, 135 
PKPD32.DLL pen display library 27, 133, 135 
purpose of 5-6 
Quick View; used with 301 
recognizer DLL, pen data 135, 141 
replacing during installation 165 
shared 167 
Windows NT print monitor support 57 

Dynamic menu items See Context menus 
Dynamically loadable VxDs 

E 

opening 426, 432 
removing from memory 428 
setting initialization files 166 

Edit controls 
handwriting (hedit) 159 
Windows 95 system limitations 52 
Windows version differences 66 

Editing pen data 140 
Editing, OLE visual editing 22 
EditPropertiesfunction 573 
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Eject Removable Media (Interrupt 21h) function 491 
Ellipse function 53 
EM_REPLACESEL message 66 
Embedded objects See OLE 
EMF (Enhanced metafile format), Windows 95 system 

limitations 56-57 
Enable or Disable Close Command function 590 
EndEnumStrokes function 139-140 
EndSpoolPage function 626 
Enhanced metafile format (EMF), Windows 95 system 

limitations 56-57 
EnumDisplaySettings function 58 
Enumerate Open Files (Interrupt 21h) function 561-563 
EnumFontFamiliesEx function 597 
EnumFontsEx function 176 
EnumForms function 57 
EnumObjects function 183 
EnumPorts function 57 
EnumPrinters function 57 
EnumProperties function 574 
EnumPropertyLibs function 574 
EnumPropertySheets function 575 
Environment, setting up for installation process 166-172 
Error conditions, Quick View 308-309 
Error support, extended, Windows 95 system 

limitations 52,58 
Escape function 58 
Event logging, Windows 95 system limitations 51 
Examples of code 

application desktop toolbars 
notification messages, processing 258-260 
registering with system 255-256 
setting size and position 256-257 

buttons, turning into a toolbar 78 
common controls and dialog boxes See CHICOAPP, 

Explorer-like sample application 
device I/O, calling Get Media ID from Win32-based 

applications 430-431 
double-byte character set (DBCS) 

searching for a backslash (\) 601 
using in applications 601-602 

file viewer, registering 304 
input method editor (IME) 

character size, determining 604 
composition windows, changing 605 
drawing composition strings 611-612 
final conversion results, retrieving 607 -608 
IME window, creating 606 
messages, handling 610-611 
messages, receiving and processing 609 
monitoring the composition 607 ' 
opening IMEs 604 

Passwords Control Panel, using 417-419 

Examples of code (continued) 
pen data 

AN_PKPD See AN_PKPD sample application, Pen 
setting Rendering option to Scale or Clip 150-152 

registry, storing uninstall information 109-111 
shell extensions 

adding property sheet pages 233-234 
context menu handler interface, 

implementing 229-231 
shell links 

shortcuts to files, creating 274-275 
shortcuts to files, resolving 276 

shell's namespace 
browsing for folders 189-190 
display names and PIDLs, using 185-188 
display names, retrieving 185-188 
item identifier lists, walking 185-188 
location of special folders, retrieving 185-188 

taskbar notification area 
icons, adding and deleting 290-291 
mouse events, receiving 292 

tool help functions 
module lists, traversing 467-468 
processes, -viewing 464-468 
snapshots, taking 464-465 
thread lists, traversing 466-467 
tool help functions, accessing 463-464 

Exclusive volume locking 
described 486 
direct access 545-546 
exclusive use locking 546-547 
functions 556-566 
levels and permissions 

described 547 
level 0 locking 548 
level 1 locking and permissions 550 
level 2 locking 551 
level 3 locking 551-552 

locking hierarchy, using 549-552 
logical volumes, locking 546 
MS-DOS-based applications, using with 555-556 
overview 545 
physical volumes, locking 546 
swap file 553 
,system broadcast message 553 
types of access 546 , 
volume locking guidelines 554 
VxDs 553 
Winl6-based applications, using with 555 
Win32-based applications, using with 555 

.EXE filename extension See Registering information 
EXEHDR.EXE, Microsoft EXE file header utility 636 
Explorer 73-74 
Explorer-like sample application See CHICOAPP 



ExtCreatePen function 55 
ExtCreateRegion function 55 
Extended Get or Set File Attributes (Interrupt 21h) 

function 517-520 
Extended Open/Create (Interrupt 21h) function 494-497 
Extension libraries 20-21 
Extensions, filename, used in Windows 95 169-172 
Extensions, shell See Shell extensions 
External communication devices, Windows 95 Logo 

requirements 50 
ExtEscape function 58 
ExtractPenDataStrokes function 140 
ExtTextOut function 51, 56, 603 

F 
Far-Eastern languages See Double-byte character set; Input 

method editor (IME); International guidelines 
FAT See File allocation table 
FD_FLAGS enumerate type 123 
FE platform (Far-Eastern languages) See Double-byte 

character set; Input method editor (1MB); International 
guidelines 

File allocation table (FAT), using long filenames 501-503 
File and directory management, using long filenames 505 
File-based applications, Windows 95 Logo requirements 44 
File classes, shell extensions 

context menu, modifying 222-223 
described 220 

File folders See Folders 
File handles, opening and closing, Windows 95 system 

limitations 60 
File input and output support, asynchronous 58 
File installation library 21 
File mapping, Windows 95 system limitations 60 
File menu for file viewers 316 
File modes and flags, MS-DOS 494-497 
File objects 

attributes 184-185, 195-196 
described 181-182, 220 

File parsers 
adding 328 
bitmapped sections 335-336 
chunker, defined 330 
constants 392-398 
database sections 335 
deleting 328 
functions 

overview 328-330 
reference 340-343 

helper functions 344-370 
macros 370-371 
overview 327 
purpose of 9 

File parsers (continued) 
removing 328 
restartable file parsing 330 
section, defined 328 
spreadsheet sections 333-334 
structures 371-392 
vector graphics sections 337 
word processing sections 330-333 
writing parsers 338-340 

File searches, long filenames 506 
File system, overview 12-13 
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File time precision, Windows 95 system limitations 59 
File Time to DOS Time (Interrupt 21h) function 535-536 
File types 

filename extensions used in Windows 95 169-172 
registering during installation program 172 

File viewers 
See also File parsers 
adding or replacing 300-301 
apartment threading model 303 
coherence 60 
creating 313-314 
default 300 
file types, determining 302 
file viewing functionality, adding 301 
interfaces and member functions 322-325 
overview 299-300 
purpose of 9 
registering 301-304 
structure and implementation ofDLL 310-314 
structure 325-326 
user interface guidelines 

drag and drop support 321 
File menu items 316 
Help menu items 317 
sophisticated file viewers 321-322 
status window messages 319-320 
toolbar buttons 317-318 
tooltip controls 318 
userinterface 314-321 
View menu items 316 
viewport window 320-321 
window appearance 314-315 

"FileContents" clipboard format 121 
FILEDESCRIPTOR structure 123-124 
"FileGroupDescriptor" clipboard format 121 
FILEGROUPDESCRIPTOR structure 124 
"FileName" clipboard format 120 
"FileNameMap" clipboard format 120-121 
Filenames 

aliases 503-505 
extensions used in Windows 95 169 
functions 487 
limitations under real mode 484 
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Filenames (continued) 
long See Long filenames 
paths, canonical forms 486 
primary See Long filenames 
registering extensions 105-106 
searching for 485-486 
storing, guidelines for 486-487 
using extensions 169 

Files 
code examples 

initializing structures 85-91 
opening and saving 85-91' 

copying, installation programs 163-165 
deleting open files 59 
execution (.EXE) See Registering information 
initialization (.INI) See Initialization files 
policy See System policies 
registering for data creation 106 
shared 164 
shortcuts to 274-275 
synchronizing documents with Briefcase See Briefcase 

reconcilers 
system-wide shared 164 

FILETIME structure 542 
FileTimeToDosDateTime function 59 
Find Close (Interrupt 21h) function 534 
Find dialog box 37 
Find First File (Interrupt 21h) function 520-523 
Find Next File (Interrupt 21h) function 524-525 
Find Swap File (Interrupt 21h) function 564 
FindClosePrinterChangeNotification function 57 
FindFirstChangeNotification function 548 
FindFirstFile function 548 
FindFirstPrinterChangeN otification function 57 
FindNextPrinterChangeNotificationfunction 57 
Flat thunking model 623 
Flat thunks, adding 631-632 
Floppy disk controllers, Windows 95 Logo requirements 48 
FlushInstructionCache function 61 
FlushProperties functi()n 575 
Folders 

attributes 184-185, 195-196 
binding to 181 
browsing for 183, 189-190 
described 181-182 
locations 183 
special 183 
virtual 183 

Fonts 
described 10-11 
installing 175-176 

for command, command interpreter 488 
Foreign languages See Languages 

FormatMessage function 595 
Formatting volumes 548 
Frame and data rates, video 128 
FreeLibrary32W function 639 
FreePropertyLib function 576 
FreePropertySheets function 576 
FreeResource function 61 
Full-screen mode applications, Windows 95 Logo 

requirements 42,44 
Functions, Boolean, Windows 95 system limitations 52 
FVSHOWINFO structure 309-310, 325-326 

G 
Games, Windows 95 Logo requirements 44 
GDI See Graphics device interface (GDI) 
Generate Short Name (Interrupt 21h) function 537-538 
Generic thunking model 623 
Genericthunks 626-627 
Gestures, pen movements 139 
Get Application Title function 586 
Get Compressed File Size (Interrupt 21h) function 489-490 
Get Creation Date and Time (Interrupt 21h) function 511 
Get Current Directory (Interrupt 21h) function 520 
Get Current Lock State (Interrupt 21h) function 564-565 
Get Drive Map Info (Interrupt 21h) function 492 
Get File Info By Handle (Interrupt 21h) function 534-535 
Get First Cluster (Interrupt 21h) function 492-493 
Get Full Path Name (Interrupt 21h) function 525-526 
Get Last Access Date and Time (Interrupt 21h) function 510 
Get Lock Flag State (Interrupt 21h) function 560-561 
Get Long Path Name (Interrupt 21h) function 527-528 
Get Media ID (Interrupt 21h) function 430-431,489 
Get Short Path Name (Interrupt 21h) function 526-527 
Get Virtual Machine Title function 587 
Get Volume Information (Interrupt 21h) function 532-533 
GetCharacterPlacement function 597-598,616 
GetCharWidth function 51 
GetClientRect function 69 
GetClipboardData function 597 
GetCPInfo function 602 
GetDeviceCaps function 58 
GetDIBits function 56 
GetEnhMetaFile function 57 
GetEnhMetaFileDescription function 57 
GetEnhMetaFileHeader function 57 
GetFileInformationByHandle function 164 
GetFileTime function 164,508 
GetFile VersionInfo function ·164 
GetFontLanguageInfo function 597-598 
GetForm function 57 
GetGraphicsMode function 56 
GetKeyboardLayoutName function 52 



GetLastError function 
opening VxDs 426 
snapshots, tool help functions 460 
Windows 95 system limitations 52, 58 

GetMessage function 624-625 
GetModuleUsage function 634 
GetOverlappedResult function 58 
GetPenDataAttributes function 139-140 
GetPenDataStroke function 139-140 
GetPointsFromPenData function 140 
GetPrinter function 57 
GetProcAddress32W function 640 
GetProperties function 576 
GetShortPathN arne function 487 
GetStartupInfo function 70 
GetStrokeAttributes function 139-140 
GetStrokeTableAttributes function 139-140 
GetSystemInfo function 59 
GetSystemMetrics function 69-70, 79 
GetTextExtentExPoint function 51 
GetTextExtentPoint function 51 
GetThreadDesktop function 52 
GetThreadLocale function 61 
GetVDMPointer32W function 634,640 
GetWindowPlacement function 70 
GetWindowsDirectory function 169 
Globally unique identifiers (GUIDs) 225 
GlobalReAlloc function 59 
Graphics device interface (GDI) 

16- to 32-bit thunks in device drivers 626 
limitations See Windows 95 system limitations 
overview 15 

Guidelines See International guidelines; Programming 
guidelines; Video performance guidelines 

GUIDs (Globally unique identifiers) 225 

H 
Handlers 

context menu 228-231 
copy hook 235 
data 236 
drag and drop 231-232 
drop 236 
icon 232-233 
property sheet 233-235 
shell extension 220,226-228 

Handles 
globally fixing 625 
limitations 52 

Handwriting edit controls (hedit) 159 
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Hardware 
compatibility, multimedia support 131-13 2 
configuration, determining for setup ·163 
peripheral devices, Windows 95 Logo 

requirements 46-47 
Header controls 35 
Heap32First function 469-470 
Heap32ListFirst function 470 
Heap32ListNext function 470-471 
Heap32Next function 471 
HEAPENTRY32 structure 476 
HEAPLIST32 structure 477 
Heaps 

heap lists and heap walking, tool help functions 462 
local, Windows 95 system limitations 53':"'55 

Hedit controls 159 
Help application 38-39 
Help files (.HLP), copying during installation 164 
Help menu for file viewers 317 
HitTestPenData function 139-140 
HKEY _CLASSES_ROOT registry key 106-107 
HKEY _CURRENT_USER registry key 

installing applications 166 
overview 41, 103-105 
system policies 441 

HKEY _LOCAL_MACHINE registry key 
installing applications 166 
overview 41, 103-105 
storing uninstall information 108-111 
system policies 441 

.HLP filename extension See Help files 
Hot keys, associated with shortcut objects 273 
HPENDATA pen data object 135-137 
HRC recognition context object 135 

110 control See Device input and output control (lOCTL) 
ICCompressorChoose function 128 
IClassFactory::CreateInstance member function 226 
ICM (Installable Compression Manager) 18 
.ICO filename extension See Icons 
Icons 

adding 289-291 
application-defined callback messages 290, 292 
custom commands 107 
customizing 232-233 
deleting 289-291 
dragging, Windows version differences 64 
file information 29-31 
handlers for 232-233 
modifying 289-291 
mouse events 290 
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Icons (continued) 
overview 33 
pop-up menu, displaying 108 
primary commands 107 
registering commands for 107-108 
registering 106-107 
shortcuts 33-34, 271, 273 
system-defined link overlays (arrow) 271 

IContextMenu 
interface 185,228-231,237-238 
member functions 

AddRef 237 
GetCommandString 237-238 
InvokeCommand 229-230,238,271 
QueryContextMenu 229,239-240 
QueryInterface 237 
Release 237 

ICopyHook 
interface 240-242 
member functions 

AddRef 240 
CopyCallback 235, 240-242 
QueryInterface 240 
Release 240 

IDataObject interface 113 
IDFlATA See ATA (IDE) 
Ideographic characters 600 
IEnumIDList 

interface 183, 199-201 
member functions 

AddRef 199 
Clone 199-200 
Next 184,200 
QueryInterface 199 
Release 184, 199 
Reset 200 
Skip 201 

IExtractIcon 
interface 242-244 
member functions 

AddRef 242 
GetIconLocation 233,242-243 
IExtractIcon 233, 243-244 
QueryInterface 242 
Release 242 

IFile Viewer 
interface 307,312,322-324 
member functions 

AddRef 322 
PrintTo 307,322-323 
QueryInterface 322 
Release 322 
Show 307,309-310,323 
ShowInitialize 307,309,323-324 

IFile ViewerSite 
interface 324-325 
member functions 

AddRef 309,324 
GetPinnedWindow 309, 324-325 
QueryInterface 324 
Release 324 
SetPinnedWindow 309,325 

IMalloc interface 182, 185 
IMC_CLOSESTATUSWINDOW message 614 
IMC_GETSTATUSWINDOWPOS message 614 
IMC_OPENSTATUSWINDOW message 614 
IMC_SETSTATUSWINDOWPOS message 614 
IME See Input method editor (IME) 
IMM (input method manager) 603 
ImmGetCandidateList function 607, 614 
ImmGetCandidateListCount function 614 
ImmGetCompositionString function 607 
ImmGetConversionList function 614 
ImmGetConversionStatus function 605 
ImmGetDefaultIMEWnd function 606 
ImmGetGuideLine function 614 
ImmGetOpenStatus function 604 
ImmGetProperty function 614 
ImmIsUIMessage function 609 
ImmSetCandidate Window function 606 
ImmSetComposition Window function 605-606 
ImmSetConversionStatus function 605 
ImmSetOpenStatus function 604 
ImmSetStatusWindow function 606 
IMN_CHANGECANDIDATEWINDOW notification 

message 613 
IMN_CLOSECANDIDATEWINDOW notification 

message 613 
IMN_GUIDELINE notification message 613 
IMN_OPENCANDIDA TEWINDOW notification 

message 613 
Increase Font Size button, file viewer 318 
.IN! filename extension See Initialization files 
Initialization files 

early versions of Microsoft Windows 101 
possible need for in Windows 95 104 
setting during installation 166 

Initializing shell extension instances 226 
Initializing the component object library 270 
Initiator, briefcase reconciling, defined 399 
Ink See Pen data 
Inkset objects, using 141 
IN otifyReplica 

interface 409 
Y ouAreAReplica member function 410 

Input and output control See Device input and output control 
(IOCTL) 



Input method editor (IME) 
character input, handling 603-604 
code examples 

changing composition window 605 
characters size, determining 604 
creating an IME window 606 
drawing composition strings 611-612 
final conversion results, retrieving 607-608 
managing the IME 604 
messages, handling 610-611 
messages, receiving and processing 609 
monitoring the composition 607 

compatibility with previous versions 614 
1MB windows, managing 606 
IMEs, managing 604-605 
monitoring the composition 606-608 
operation of IMBs, customizing 603 
overview 603 
setting the IME context 613 
user interface, customizing 608-611 

Input method manager (IMM) 603 
InsertMenu macro 229 
InsertPenData function 140 
InsertPenDataStroke function 140 
INST ALL.EXE installation program 162 
Installable Compression Manager (ICM) 18 
Installation programs See Installing applications 
Installing applications 

canceling the setup program 163 
CD-ROM considerations 175 
checklist 178 
configuration, determining 163 
context menu operations, supporting 168 
copying DLLs and help files 164 
designing the installation program 161-163 
directory, creating for application files 163 
disk space needed 163 
environment, setting up 166-172 
filename extensions used in Windows 95 169 
files, copying 163-165 
guidelines for 40-41 
initialization files, setting 166 
installing fonts 17 5 -17 6 
multimedia support, finding 131 
network issues 173-174 
overview 161-162 
progress indicator 163 
registering document types 172 
registry entries, adding 166-167 
removing applications 176-177 
replacing DLLs 165 
server and client setup programs 173-174 
setup options (typical, compact, custom, and silent) 162 
Start menu, adding applications 168-169 
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Installing applications (continued) 
supplying defaults 162 
uninstalling applications 176-177 

InstallShield SE Toolkit, developing installation 
programs 162, 177 

Interleave options, video 128 
International guidelines 

Far-Eastern (FE) languages platform 
See also Double-byte character set; Input method 

editor (1MB) 
overview 159,594-595,598 

international applications, overview 27 
Middle-Eastern (ME) languages 

platform 594, 598, 615-617 
multilingual content support 596-597 
national language support functions 596 
overview 593 
WesternlEastern European (WE) languages platform 594 
Windows 95 platform strategy 593 

International language requirements, localization 595-596 
International versions of Windows 95, changing resource 

files 615 
Interrupt 21h functions 

Change Directory 514 
Create or Open File 528-532 
Create Subst 538 
DeleteFile 515-516 
DOS Time To File Time 536-537 
Eject Removable Media 491 
Enumerate Open Files 561-563 
Extended Get or Set File Attributes 517-520 
Extended Open/Create 494-497 
File Time to DOS Time 535-536 
Find Close 534 
Find First File 520-523 
Find Next File 524-525 
Find Swap File 564 
Generate Short Name 537-538 
Get Compressed File Size 489-490 
Get Creation Date and Time 511 
Get Current Directory 520 
Get Current Lock State 564-565 
Get Drive Map Info 492 
Get File Info By Handle 534-535 
Get First Cluster 492-493 
Get Full Path Name 525-526 
Get Last Access Date and Time 510 
Get Lock Flag State 560-561 
Get Long Path Name 527-528 
Get Media ID 430-431,489 
Get Short Path Name 526-527 
Get Volume Information 532-533 
Lock Logical Volume 556-557 
Lock Physical Volume 558-559 
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Interrupt 21h functions (continued) 
LocklUnlockRemovable Media 490 
Make Directory 513 
Query Subst 539-540 
Remove Directory 514 
Rename File 525 
Reset Drive 566 
Server Create or Open File 538 
Set Creation Date and Time 512 
Set Last Access Date and Time 511 
Set Media ID 489 
Terminate Subst 539 
Unlock Logical Volume 559 
Unlock Physical Volume 560 
Windows 95 numbering system, described 505 

IOCTL See Device input and output control (IOCTL) 
IPersistFile 

interface 269,274-275,402 
member functions 

Load 306 
Release 307 

IPersistStorage interface 402 
IPersistStream interface 269 
IReconcilableObject 

interface 403 
member functions 

GetProgressFeedbackMaxEstimate 404 
Reconcile 404-408 

IReconcileInitiator 
interface 408 
member functions 

SetAbortCallback 408-409 
SetProgressFeedback 409 

IsDBCSLeadByte function 598, 601, 603-604 
IsDBCSLeadByteEx function 601 
IShellExtInit 

interface 246-247 
member functions 

AddRef 246 
Initialize 246-247 
Query Interface 246 
Release 246 

IShellFolder 
interface 181-182, 190-199 
member functions 

AddRef 191 
BindToObject 182, 193 
BindToStorage 193 
CompareIDs 182, 194 
Create ViewObject 194 
EnumObjects 192-193, 199 
GetAttributesOf 185, 194-196 
GetDisplayNameOf 184, 188, 197-198 

IShellFolder (continued) 
member functions (continued) 

GetUIObjectOf 185, 196 
ParseDisplayName 184,191-192 
Query Interface 191 
Release 191 
SetNameOf 184, 198-199 

IShellLink 
interface 274-275, 278-287 
member functions 

AddRef 278 
GetArguments 272, 279 
GetDescription 273, 279 
GetlfotKey 273,279-280 
GetlconLocation 273,280 
GetIDList 274,280-281 
GetPath 272, 281 
GetShowCmd 272,281-282 
GetWorkingDirectory 272,282 
QueryInterface 278 
Release 278 
Resolve 270, 282-283 
SetArguments 272,283-284 
SetDescription 273, 284 
SetlfotKey 273,284 
SetlconLocation 273,285 
SetlDList 274,277,285 
SetPath 272,286 
SetRelativePath 286 
SetShowCmd 272, 287 
SetWorkingDirectory 272,287 

IShellPropSheetExt 
interface 233,244-245 
member functions 

AddPages 233,244-245 
AddRef 244 
Query Interface 244 
Release 244 
ReplacePage 234, 245 

IShellPropSheetExt interface 412 
IStorage interface 402-403 
Item enumeration 183-184 
Item identifier 

described 182 
lists 

applications 274 
parent folders 273 
pointer to (PIDL) 182-183 
walking 185-188 

overview 273-274 
ITEMIDLIST structure 182,249 
IUnknown interface 114 



K 
Kashida, defined 616 
Key frames, video 129 
Keyboard layouts 596-597 

L 
Languages 

Far-Eastern See Double-byte character set; Input method 
editor (IME); International guidelines 

Middle-Eastern See International guidelines 
multiple keyboard languages, password input 413 
WesternlEastern European See International guidelines 

Last access date 507-508 
Late loading, thunking 635-636 
LB_INSERTSTRING message 52 
LB_SETITEMDATA message 52 
Lens buttons, pen-based systems 160 
Level 0 locking 548 
Level 1 locking and permissions 550 
Level 2 locking 551 
Level 3 locking 551-552 
LFNBK utility, preserving long filenames 485 
Ligature, defined 615 
Limitations See Windows 95 system limitations 
LineTo function 56, 628-629 
Link files (.LNK) 

command-line arguments 272 
hot keys, associated with shortcut objects 273 
overview 271 
shortcut icon and description 273 
show command 272 
working directory 272 

Link overlay icons (arrow) 271 
Link resolution 270 
Links 

See also OLE 
adaptable links 23 
nonfile objects, creating links to 277 
storage-independent links 23 

List boxes 
limitations 52 
Windows version differences 66-67 

List view controls 37 
List view windows, creating 81-83 
ListView _HitTest macro 96 
ListView _Sortltems macro 93 
.LNK filename extension See Link files 
Load-on-demand applications, changing passwords 415 
LoadCursor function 53 
Loading, late, thunking 635-636 
LoadLibrary function 61, 487 

LoadLibraryEx32W function 641 
LoadPropertyLib function 578 
LoadPropertySheets function 578 
LoadResource function 61 
LoadString function 70 
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Localization, international language requirements 595-596 
Localizing resource files 617 
LocalReAlloc function 59 
Location-independent names 271 
Lock Logical Volume (Interrupt 21h) function 556-557 
Lock Physical Volume (Interrupt 21h) function 558-559 
LocklUnlock Removable Media (Interrupt 21h) function 490 
Locking volumes See Exclusive volume locking 
LOGBRUSH structure 55 
Logical volume locking 546 
Logo requirements, Windows 95 See Windows 95 Logo 

requirements 
Logon passwords 411,415-416 
Long filenames 

case sensitivity 502 
down-level systems, handling of 506-507 
file and directory management 505 
file searches 506 
filename aliases 503-505 
Interrupt 21h functions 

numbering system described 505 
reference 510-540 

last access date 507-508 
limits of length 502 
long filename functions vs. Win32 functions 508-509 
numeric tails 503-504 
overview 31-32,501 
periods, using in filenames 504 
preserving 485 
protected-mode FAT file system 501-503 
spaces, using in filenames 502 
static buffers, using 503 
structures 540-544 
supporting 85 
using for application's directory 164 

LPTOOLTIPTEXT structure 92 
LV_ITEM structure 93 
LVN_COLUMNCLICK notification message 93 
LVN_GETDISPINFO notification message 93 

M 
Make Directory (Interrupt 21h) function 513 
MAPI (Messaging API) 25-26 
Map ViewOtFile function 60 
Map ViewOtFileEx function 60 
MCI (Media Control Interface) 19 
MCCREALIZE command 129 
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ME platform (Middle-Eastern languages) See International 
guidelines 

Media Control Interface (MCI) 19 
Memory allocation, Windows 95 system limitations 59-60 
Menus 

context menus See Context menus 
drag and drop 231-232 
dynamic items 228-231 
file viewer menus 

File menu items 316 
Help menu items 317 
View menu items 316 

for icons, registering commands for 107-108 
handles, Windows 95 system limitations 52 
modifying the New submenu 223-224 
pop-up, displaying 108 
static items 222-223 
status window messages, file viewers 319-320 
Windows version differences 68 

MessageBox function 51, 53, 598 
MessageBoxEx function 51, 53 
MessageBoxlndirect function 53 
Messages 

See also specific message names 
application-defined callback 290, 292 
application desktop toolbars 

reference 262-266 
sending 251-252 

notification 
See also specific notification message names 
application desktop toolbars 254,258-260,266-268 
handling for controls 91-96 

private messages, Windows 95 system limitations 52 
system broadcast, exclusive volume locking 553 
taskbar, sending 289 

Messaging API (MAPI) 25-26 
Metafile 

See also Enhanced metafile format (EMF) 
described 15 

Metrics, system, Windows version differences 69-70 
MetricScalePenData function 137-138 
MID structure 499 
Middle-Eastern languages 

See also International guidelines 
overview 615-617 

midiOutLongMsg function 129 
midiOutShortMsg function 129 
Modems, Windows 95 Logo requirements 50 
Module lists, traversing 467-468 
Module32First function 471-472 
Module32Next function 472 
MODULEENTRY32 structure 477 
Modules, taking snapshots of, tool help functions 461 

Mouse 
capture, windows losing, Windows version differences 64 
mouse events in taskbar notification area 290, 292 

MoveFileEx function 165 
MoveToEx function 56 
MoveWindow function 252,254 
MPR See Multiple Provider Router 
MS-DOS-based applications 

See also MS-DOS extensions 
single MS-DOS application mode 6 
virtual machine services for 6-7, 583-590 
volume locking considerations 555-556 

MS-DOS extensions 
file modes and flags 494-497 
filename functions 487, 489-497 
overview 483 
structures 497-500 
Windows 95 version of MS-DOS 483 

MS-DOS system functions, using in Windows 95 429-430 
MS-DOS version, Windows 95 483 
MsgWaitForMultipleObjects function 61,625 
MultiByteToWideChar function 51 
Multilingual content support 596-597 
Multimedia 

Audio Compression Manager (ACM) 18 
future directions 125-126 
Installable Compression Manager (ICM) 18 
Media Control Interface (MCI) 19 
multimedia-aware applications 127 
multimedia-dependent applications 127 
overview 18-19, 125 
Plug and Play 126 
programming guidelines 129-132 
video performance guidelines 127-129 
Windows 95 system limitations 62 
writing applications for, introduction 126 

Multiple Provider Router (MPR) 440 
Multitasking and thunking 624 

N 
Namespace See Shell's namespace 
Nested objects, OLE 22 
"Net Resource" clipboard format 122 
Network adapters, Windows 95 Logo requirements 50 
Networks,installation of applications 173-174 
New submenu, modifying 223-224 
NIM_ADD message 289-290, 294 
NIM_DELETE message 289, 291, 295 
NIM_MODIFY message 289, 295 
NM_RCLICK notification message 96 
Nonfile-based applications, Windows 95 Logo 

requirements 42-44 



Nonfile objects, creating links to 277 
Notification area See Taskbar notification area 
Notification messages 

See also specific notification message names 
application desktop toolbars 254,258-260,266-268 
handling for controls 91-96 

NOTIFYICONDATA structure 289-291,293-294 
NPGetPolicyPath function 443 
NRESARRA Y structure 124 
Numeric tails, long filenames 503-504 

o 
Object attributes and. interfaces, shell's namespace 184-185 
Object conversion, OLE 23 
Object linking and embedding See OLE 
Objects 

creating and deleting functions list 54 
creating pen data objects 137 
ensuring adequate space for 53 
inkset objects, using 141 
nonfile, creating 277 
pen data (HPENDATA) 135-137 
recognition context (HRC) 135 

OffsetPenData function 137-138 
OLE 

adaptable links 23 
adding drag and drop capabilities 115 -117 
apartment threading model 303 
briefcase reconcilers 402 
Component Object Model (COM) 113-114, 270 
default cursors 115 
described 22-23 
Document Summary Information Property Set 30-31 
drag and drop, described 23 
embedded objects, word processing file parsers 333 
file viewers See File viewers 
general concepts 113-114 
globally unique identifiers (GUIDs) 225 
nested objects 22 
object conversion 23 
OLE automation 23 
reference counting 118 
resource information, additional 122 
scrap files 118-119 
shell data transfers 119-122 
shell links See Shell links 
storage-independent links 23 
version management 23 
visual editing 22 

OLE Component Object Model (COM) 113-114, 270 

OleInitialize function 303 
Open dialog box 37-38 
OpenEvent function 61 
OpenFile function 487 
OpenFileMapping function 60 
Opening files 85-91 
Opening VxDs 426-427 
OpenJob function 626 
OpenMutex function 61 
OpenProcess function 61 
OpenProperties function 579 
OpenSemaphore function 61 
Optimizing code for DBCS 602 
OutputDebugStr function 129 
Overlapped operations, Vx.Ds 429,433 

p 
Page Setup dialog box 37 
Pages 

adding to property sheets 30-31,233 
replacing in Control Panel 234-235 

Palettes 
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avoiding palette flashing in video playback 129 
file parsing of bitmapped sections 335 
halftone 38 

PALMAP sample application, multimedia 129 
Paragraph attributes, word processing sections, file 

parsers 331 
Parallel port devices, Windows 95 Logo requirements 50 
P ARAMBLOCK structure 500 
Parameter validation, Windows version differences 70 
Parsers See File parsers 
Parsing 

bitmapped graphics. 335-336 
code example, initializing structures 85-91 
databases 335 
described 328 
parsing and storing data, example 84-85 
restartable file parsing 330 
spreadsheets 333-334 
vector graphics 337 
word processing 330-333 

Password-protected services See Passwords Control Panel 
Password providers See Passwords Control Panel 
Passwords 

changing on demand 415 
error conditions, handling of 416 
managing 413-416 
multiple keyboard languages 413 
Windows logon 415-416 
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Passwords Control Panel 
change password dialog boxes 416 
code example, using Passwords Control Panel 417-419 
functions 419-423 
overview 411-412 
password user interface, including 413 
property sheet pages, adding 412 
services, adding 414-415 
Winclows logon password 

adding services to 415 
changing logon passwords 415-416 
error conditions, handling of 416 
removing services from 415 

Pen data (ink) 
animating 138, 152-153 
availability in Windows 95 133 
code examples 

displaying 152-158 
loading and saving 142-147 
reading, writing, and compressing 142-147 
resizing pen data 149-150 
scaling and trimming 147-149 
setting Rendering option to Scale or Clip 150-152 

collection of 134-135 
compressing 141-147 
copying 140 
creating pen data objects 135-137 
described 136-137 
display of 138-139, 152-158 
editing 140 
enabling applications for pen-based systems 159-160 
examining 139-140 
gestures 139 
handwriting edit controls (hedit) 159 
inkset objects, using 141 
lens buttons 160 
overview 133-134 
pen display library, functions 136-141 
pen services 

described 26-27 
overview 134-135 

practical uses for 133 
recognition of 134-135 
recognizer DLL 135, 141 
scaling pen data 137-138 
supporting pen input 40 

Pen display library functions 136-141 
Pen limitations 55 
Pen services See Pen data (ink) 
Pen Windows version 1.0 vs. 2.0 136 
PenDataFromBuffer function 140 
PenDataToBuffer function 140 
PENWIN.DLL pen display library 27, 135 
PENWIN32.DLL pen display library 27, 135 

Personal computer (PC) systems, Windows 95 Logo 
requirements 45-46 

Physical volume locking 546 
PIDL (Pointer to an item identifier list) 182-183 
Pie function 53 
.PIP filename extension See Program information file 

management 
PIFMGR.DLL See Program information file management 
Pinned windows, Quick View 309-310 
PKPD.DLL pen display library 27, 133, 135 
PKPD32.DLL pen display library 27, 133, 135 
PlayEnhMetaFile function 56 
PlayEnhMetaFileRecord function 56 
PlaySound function 62, 130 
Plug and Play 

multimedia, described 126 
overview 13-14 
Windows 95 Logo requirements 45-46 

Pointer to an item identifier list (PIDL) 182-183 
Pointers, translating, thunking 622,625,634-635 
.POL filename extension See System policies 
Policy downloaders 440, 456-457 
Policy editors 440 
Policy file format See System policies 
PolyBezier function 56 
PolyBezierTo function 56 
Polygon function 56 
Polyline function 56 
PolylineTo function 56 
PolyPolygon function 56 
PolyPolyline function 56 
Pop-up context menus, adding 96 
Pop-up menus for icons, registering commands for 107-108 
PostMessage function 129 
Postscript printing, Windows 95 system limitations 58 
PPChangePassword function 419-420 
PPGetPasswordStatus function 420-421 
preload32 statement 636 
Primary filename See Long filenames 
Print and Print To commands, enabling in registry 168 
Print dialog box 37 
Print Setup dialog box 37 
Printer information structures 57 
"PrinterFriendlyName" clipboard format 121 
Printers, creating shortcuts to 277 . 
Printers, Windows 95 Logo requirements 50 
Printing 

limitations 
overview 57 
Postscript 58 
print spooling functions 57-58 

overview 11-12 
Private messages, Windows 95 system limitations 52 
Process32First function 472-473 



Process32Next function 473 
PROCESSENTRY32 structure 478-479 
Processes, taking snapshots of, tool help functions 460-461 
Program groups, creating 168 
Program information file management 

functions 572-580 
overview 567 
program information files (.PIF files) 

_DEFAULT.PIF file 569 
information groups 567-568 
overview 567-568 
PIF extensions 568 
properties handle 569 
properties in .PIF file 569-570 
property libraries 571 
property sheets 570-571 
supported formats 568 
VxDs and properties 571-572 

structure 581 
Programming guidelines 

installing applications See Installing applications 
multimedia 

calling functions from within callback functions 129 
hardware compatibility 131-13 2 
multiple-thread limitations 130 
resource availability 130 
yielding resources to other applications 131 

pen-based systems 159-160 
user interface, file viewers 314-321 
volume locking 554 

Programs See Applications 
Progress bar controls 36 
Progress indicators, installation programs 163 
PROPENV structure 568 
Properties, program information files 569-570 
Property libraries, program information files 571 
Property sheets 

adding pages 30-31,233,412 
common controls for 35 
custom 233 
file information 29-31 
for the Passwords Control Panel 412 
handlers for 233-235 
incorporating in applications 97-99 
processing of pages 97 
program information files (.PIF files) 570-571 

PROPFNT structure 568 
PROPKBD structure 568 
PROPMEM structure 568 
PROPMSE structure 568 
PROPPRG structure 568 
PROPSHEETPAGE structure 581 
PROPTSK structure 568 
PROPVID structure 568 
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PROPWIN structure 568 
Protected-mode FAT file system 

long filenames 501-503 
overview 12-13 

PSN_APPL Y notification message 97 
PSN_KILLACTIVE notification message 97 
PSN_RESET notification message 97 
PSN_SETACTIVE notification message 97 
PVIEW95 sample application, tool help functions 463 
PwdChangePassword 421-422 
PwdGetPasswordStatus function 422-423 
PwdSetPasswordStatus function 423 

Q 
Query Close function 590 
Query Subst (Interrupt 21h) function 539-540 
Quick View 

R 

See also File parsers 
error conditions 308-309 
execution 305-307 
functionality, adding 301 
overview 299-300 
pinned windows 309-310 
program 305-310 
purpose of 9 
QVIKVIEW.EXE 300-301,327 
registry entries structure 302-304 
searching dialog box 310 

ReadFile function 58,60 
ReadFileEx function 58 
Recognition context object (HRC) 135 
Recognizer DLL, pen data 135, 141 
Reconcilers, briefcase See Briefcase reconcilers 
Rectangles 

bounding coordinates, Windows 95 system limitations 53 
client rectangle of minimized window, Windows version 

differences 69 
RedisplayPenData function 138-139 
Reference pages 

application desktop toolbars 
functions and structures 260-262 
messages 262-266 
notification messages 266-268 

briefcase reconcilers, interfaces and member 
functions 403-410 

device input and output control (IOCTL) 
services 437 
structures 434-436 
system messages 436-437 

drag and drop, structures 122-124 
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Reference pages (continued) 
exclusive volume locking, functions 556-566 
file parsers 

constants 392-398 
functions 340-343 
helper functions 344-370 
macros 370-371 
structures 371-392 

file viewers 
interfaces and member functions 322-325 
structure 326 

long filenames 
Interrupt 21h functions 510-540 
long filename functions vs. Win32 functions 508-509 
structures 540-544 

MS-DOS extensions 
functions 489-497 
structures 497-500 

Passwords Control Panel, functions 419-423 
pen data, functions 136-141 
program information file management 

functions 572-580 
structure 581 

shell extensions 
interfaces and member functions 237-247 
structures 247-249 

shell links, interfaces and member functions 278-287 
shell's natnespace 

functions 201-210 
interfaces and member functions 190-201 
macros, structures, and types 211-218 

taskbar notification area 
function and structure 293 
messages 294-295 

Thunk Compiler 
16-bit WOW functions 637-641 
32-bit WOW functions 641-648 

tool help functions 
functions 468-475 
structures 476-480 

virtual machine services 
close-aware application functions 589-590 
window title functions 586-588 

.REG filename extension See Registering information 
RegCreateKeyEx function 61 
RegDeleteKey function 61 
RegEdit utility, backing up registry 103 
RegisterClass function 70 
Registering information 

application desktop toolbars 252, 255-256 
application path and state information 103-105 
code examples 

registering file viewers 304 
storing uninstall information 109-111 

Registering information (continued) 
commands for icon pop-up menus 107-108 
data files for creation 106 
file types during installation program 172 
file viewers (.REG file) 301-304 
filename extensions 105-106 
icons 106-107 
shell extensions 225-226 
uninstall information 108-111, 176-177 

Registry 
adding entries during application installation 166-167 
automatically starting and restarting applications 105 
backing up, RegEdit utility 103 
canonical key names 104 
described 10 1-102 
duplicating registry key handles 61 
enabling commands for context menus 168 
entries, Quick View structure 302-304 
HKEY_CLASSES_ROOT key 106-107 
HKEY _CURRENT_USER key 

installing applications 166 
overview 41, 103-10'5 
system policies 441 

HKEY_LOCAL_MACHINE key 
installing applications 166 
overview 41, 103-105, 
storing uninstall information 108-111 
system policies 441 

keys containing control characters 61 
overview of integrating applications with the 

system 41-42 
policies See System policies 
purpose of 10 
recording information in 

See also Registering information 
described 102 

root, described 102 
settings, system policies 439-440 
static menu items 222-223 
subkeys, described 102 
terminology overview 102-103 

RegSaveKey function 453 
REGSTR_PATH_UNlNSTALL macro 177 
REGSTR_VAL_UNlNSTALLER_COMMANDLINE 

macro 177 
REGSTR_ V AL--,UNlNSTALLER_DISPLA YNAME 

macro 177 
Remote procedure calls (RPC) 19 
Remove Directory (Interrupt 21h) function 514 
RemovePenDataStrokes function 140 
RemovePropertySheet function 580 
Removing applications 108,162,176-177 
Rename File (Interrupt 21h) function 525 
Replace dialog box 37 



Replace Window, toolbar button 318 
Reset Drive (Interrupt 21h) function 566 
ResetPrinter function 57 
Residues, briefcase reconciling 

defined 400 
using 403 

ResizePenData function 13 7 -138 
Resizing windows 83-84 
Resolving shortcuts to files 270-275 
Resource files, localizing 617 
Resources 

automatically freeing 61 
availability, multimedia programming guidelines 130 
yielding to other applications, multimedia programming 

guidelines 131 
Restartable parsing 330 
Root keys, described 102 
RoundRect function 53 
RPC (Remote procedure calls) 19 

s 
Sample applications 

See also CHICOAPP, Explorer-like application 
AN_PKPD, pen 142 
ANIMATE, pen 142 
APP32.EXE, Thunk Compiler 627 
BUZZER.EXE, registry 102 
PALMAP, multimedia 129 
PVIEW95, tool help functions 463 

Save As dialog box 37-38 
Saving files 85-91 
Scaling pen data 137-138, 147-149 
Scan line data, file parsing bitmapped sections 336 
Scrap files 118-119 
Screen savers 10 
Script files (.THK), Thunk Compiler 629-630 
SCSI devices, Windows 95 Logo requirements 49 
SCSI host adapters, Windows 95 Logo requirements 48-49 
Searching dialog box, Quick View 310 
Security and event logging, Windows 95 system limitations 51 
SelectObject function 55 
SendMessageCallback function 52 
SendMessageTimeout function 52 
SendNotifyMessage function 52 
Server Create or Open File (Interrupt 21h) function 538 
Server setup program 173 
Set Application Title function 587-588 
Set Creation Date and Time (Interrupt 21h) function 512 
Set Last Access Date and Time (Interrupt 21h) function 511 
Set Media ID (Interrupt 21h) function 489 
Set Virtual Machine Title function 588 
SetBrushOrgEx function 55 
SetCapture function 64 

SetClipboardData function 597 
SetFileTime functions 508 
SetForm function 57 
SetGraphicsMode function 56 
SetMessageQueue function 306 
SetPrinter function 57 
SetProperties function 580 
SetStrokeAttributes function 139-140 
SetStrokeTableAttributes function 139-140 
SetTexWign function 598 
SetThreadDesktop function 52 
SetThreadLocale function 61 
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Setting up applications See Installing applications 
Setup program 

See also Installing applications 
canceling 163 
client setup 173 
designing 161-163 
recommended options for 162 
server setup 173 

SETUP.EXE, installation program 162 
SetWindowLong function 63 
SetWindowPlacement function 70 
SetWindowPos function 63 
SHAddToRecentDocs function 202 
SHAppBarMessage function 251, 260-261 
, Shared files 164 
SHBrowseForFolder function 183, 189,202 
SHChangeNotify function 203-204 
SHCONTF type 213 
Shell extensions 

code examples 
adding property sheet pages 233-234 
context menu handler interface, 

implementing 229-231 
context menu 

extensions 228 
modifying for file classes 222-223 

debugging tips 226 
,described 8-9 
file classes 

described 220 
setting default icons for 221-222 

file objects 220 
handlers 

context menu 228-231 
copy hook 235 
data 236 
described 220 
drag and drop 231-232 
drop 236 
how the shell accesses 226-228 
icon 232-233 
property sheet 233-235 
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Shell extensions (continued) 
initializing instances 226 
interfaces and member functions 237-247 
new submenu, modifying 223-224 
overview 219-220 
registering entries for 221-226 
structures 247-249 

"Shell IDList Array" clipboard format 122 
Shell links 

code example, shortcuts to files, resolving 275-277 
command-line arguments 272 
creating shortcuts to files 274-275 
hot keys, associated with shortcut objects 273 
interfaces and member functions 278-287 
link files 

See also Link files 
described 271-273 

link overlay icons (arrow) 271 
location in the namespace 272 
location-independent names 271 
nonfile objects, creating links to 277 
overview 269-270 
resolving shortcuts 270-271,275 
shortcut icon and description 273 
shortcuts, described 8,33-34 
show command 272 
updating 270-271 
working directory 272 

"Shell Object Offsets" clipboard format 121 
Shell's namespace 

code examples 188 
browsing for folders 189-190 
display names and PIDLs, using 185-188 
display names, retrieving 185-188 
item identifier lists, walking 185-188 
location of special folders, retrieving 185-188 

display names and filenames 184 
file objects 181-182 
folder locations 183 
folders 181-182 
functions 201-210 
interfaces and member functions 190-201 
item enumeration 183-184 
item identifiers See Item identifier 
macros, structures, and types 211-218 
object attributes and interfaces 184-185 
overview 181 

Shell_NotifyIcon function 289, 293 
ShellExecute function 184 
SHFILEINFO structure 213 
SHFileOperation function 204 
SHFILEOPSTRUCT structure 214-216 
SHFreeNameMappings function 205 
SHGetDesktopFolder function 182, 185,205 

SHGetFileInfo function 32,205-207 
SHGetInstanceExplorer function 208 
SHGetMalloc function 182, 185,208 
SHGetNameMappingCount macro 217 
SHGetNameMappingPtr macro 217 
SHGetPathFromIDList function 183-184,208 
SHGetSpecialFolderLocation function 183, 185,209-210 
SHGNO enumerated type 184, 218 
SHlTEMID structure 182,249 
SHLoadInProc function 210 
SHNAMEMAPPING structure 216 
Shortcut icons 33-34, 271, 273 
Shortcuts See Shell links 
Show command, link files (.LNK) 272 
ShowWindow function 273,312 
Signatures 

displaying for letter or faxes 133 
verifying 133, 141 

Silent setup option 162, 173, 177 
Single MS-DOS application mode 6 
Snapshots 

heap lists and heaps 462 
modules 461 
processes 460-461 
system memory lists 459-460 
taking snapshots 464-465 
threads 461 
tool help functions 459-460 
viewing processes 464-465 

sndAlias macro 62 
SOANGLETENTHS macro 370 
SOARCINFO structure 371 
SOBailOut helper function 344 
SOBeginTable helper function 344 
SOBITMAPHEADER structure 372-373 
SOBORDER structure 373 
SOCOLUMN structure 374 
SOCPARCANGLE structure 374 
SOCPPIEANGLE structure 374 
SOCPTEXTATPOINT structure 374 
SODATACELL structure 375-379 
SOEMBEDDEDGRAPHIC structure 379-380 
SOEMBEDDEDOBJECT structure 380 
SOEMBEDINFO structure 380 
SOEndColumnlnfo helper function 345 
SOEndFieldInfo helper function 345 
SOEndFontTable helper function 345 
SOEndPalette helper function 346 
SOEndTable helper function 346 
SOEndTabStops helper function 346 
SOFIELD structure 381-382 
SOFILTERINFO structure 382 
Software configuration, determining for setup 163 
SOGetInfo helper function 347 



SOGetScanLineBuffer helper function 347 
SOGROUPINFO structure 382 
SOLOGBRUSH structure 383 
SOLOGFONT structure 383 
SOLOGPEN structure 384 
SOP ALETTEINDEX macro 370 
SOP ALETTERGB macro 370 
SOPARAINDENTS structure 384 
SOPATHINFO structure 385 
SOPOINT structure 385 
SOPOL YINFO structure 385-386 
SOPutBitmapHeader helper function 348 
SOPutBreak helper function 348-349 
SOPutChar helper function 349 
SOPutCharAttr helper function 349-350 
SOPutCharFontByld helper function 350 
SOPutCharFontByName helper function 350-351 
SOPutCharHeight helper function 351 
SOPutCharX helper function 351-352 
SOPutColumnlnfo helper function 352 
SOPutDataCell helper function 352-353 
SOPutEmbeddedObject helper function 353 
SOPutFieid helper function 353 
SOPutFieldlnfo helper function 353-354 
SOPutFontTableEntry helper function 354 
SOPutHdrEntry helper function 355 
SOPutMoreText helper function 355-356 
SOPutMoreVarField helper function 356 
SOPutPaletteEntry helper function 356-357 
SOPutParaAlign helper function 357 
SOPutParalndents helper function 357-358 
SOPutParaMargins helper function 358 
SOPutParaSpacing helper function 358-359 
SOPutScanLineData helper function 359 
SOPutSectionName helper function 359 
SOPutSectionType helper function 359-360 
SOPutSpecialCharX helper function 360-361 
SOPutSubdocInfo helper function 361-362 
SOPutTableCellInfo helper function 362 
SOPutTableRowFormat helper function 362-363 
SOPutTabStop helper function 363 
SOPutTextCell helper function 364 
SOPutVarField helper function 364-365 
SOPutVectorHeader helper function 365 
SORBCT structure 386 
SORGB macro 371 
SOSetDateBase helper function 365-366 
SOSETRATIO macro 371 
SOStartColumnlnfo helper function 366 
SOStartFieldInfo helper function 366 
SOStartFontTable helper function 366-367 
SOStartPalette helper function 367 
SOStartTabStops helper function 367 
SOTAB structure 386 
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SOTABLECELLINFO structure 387 
SOTEXTATARCANGLE structure 387...,.388 
SOTEXTATPOINT structure 388 
SOTEXTCELL structure 389 
SOTEXTINRECT structure 389-390 
SOTRANSFORM structure 390-391 
SOVectorAttr helper function 367-368 
SOVECTORHEADER structure 391-392 
SOVectorObject helper function 368 
Special folders 183 
Spreadsheet sections, processed by file parsers 333-334 
sscanf function 85 
Start menu, adding applications during installation 168-169 
StartDocPrinter function 57 
StartSpoolPage function 626 
ST ARTUPINFO structure 70 
Static menu items 222-223 
Static VxDs 426, 428 
Status bars, implementing 76 
Status window controls 36 
Storage devices, Windows 95 Logo requirements 47-49 
Storage-independent links, OLE 23 
strcmp function 93 
STRRET structure 188, 216 
STYLESTRUCT structure 63 
Sub documents, word processing section, file parsers 332 
Subkeys, registry, described 102 
Submenu, modifying the New 223-224 
SUUserPopData helper function 368-369 
SUUserPushData helper function 369 
SUUserRetrieveData helper function 369 
SUUserSaveData helper function 370 
Swap files, exclusive volume locking 553 
SYNCHRONIZE standard access rights flag support 61 
SYS_DYNAMIC_EXIT message 432 
SYS_DYNAMIC_INIT message 432 
System bitmaps and colors, Windows version 

differences 68-69 
System broadcast message, exclusive volume locking 553 
System directory 163 
System limitations See Windows 95 system limitations 
System metrics, Windows version differences 69-70 
System pager, swap files 553 
System policies 

architecture 440 
default user and computer names 442 
definitions 441 
deploying later on 443 
downloaders 440, 456-457 
editors 440 
local registries, adding information to 441-442 
machine-specific policies 441 
overview 439 
policy downloading 442-443 



670 Index 

System policies (continued) 
policy file format (.POL) 

Computers key 455 
control codes 454-455 
described 453-454 
Groups and Groupdata keys 455 
Misc key 456 
special processing 454 
Users key 456 

policy files, creating new 443 
policy primitives 441 
registry settings 439-440 
template file format (.ADM) 

action lists 451-452 
ADMIN.ADM 174,442-445 
categories 446 
comments 452 
compatibility, forward and backward 452-453 
conditional expressions 452-453 
part types 447-451 
policies 446 
policy parts 447 

template files 440 
user interface See SystemPolicy Editor 
user-specific policies 441 

System Policy Editor 
overview 440 
properties dialog box, check box states 445 
troubleshooting 445 
user interface 443-445 

System registry See Registry 
System services 

described 17-18 
limitations See Windows 95 system limitations 

System-wide shared files 164 

T 
Tables, word processing sections, file parsers 331 
TAPI (Telephony API) 23-25 
Taskbar notification area 

adding, modifying, and deleting icons 289 
callback messages, receiving 290, 292 
code examples 

icons, adding, modifying, and deleting 290-291 
mouse events, receiving 292 

function and structure 293 
messages 294-295 
overview 289 
mouse events 292 
sending messages 289 

TBBUTTON structure 78-79 

Telephony API (TAPI) 23-25 
Template files for system policies 442-443, 445-453 
Terminate Subst (Interrupt 21h) function 539 
Termination object, briefcase reconciling, defined 400 
TextOut function 51,56 
.THK filename extension See Thunk Compiler 
Thread32First function 474 
Thread32Next function 474-475 
THREADENTRY32 structure 479-480 
Threads 

locales, Windows 95 system limitations 61 
multiple-thread limitations, multimedia 130 
taking snapshots of, tool help functions 461 
traversing lists 466-467 

Thunk Compiler 
16- to 32-bit thunks and preemption 624 
16- to 32-bit thunks in GDI device drivers 626 
APP32.EXE sample application, Thunk Compiler 627 
command line 631 
compatibility with existing 16-bit DLLs 623 
described 621 
elements checked by 622 
flat thunks, adding 631-632 
generic thunking mechanism 626-627 
globally fixing handles 625 
late loading 635-636 
mechanics 622 
multitasking 624 
overview 621 
script files (.THK) 629-630 
supported constructions 630 
thunking layer, implementing 632-634 
thunking models, benefits and drawbacks 623 
translating pointers 

outside thunks 634-635 
using thunks 622, 625 

troubleshooting 636 
using 627-629 
Win16 and Win32-based applications 622 
Win32 functions, behavior inside 16-bit 

processes 624-625 
Thunking models 

flatthunks 623,631-632 
genericthunks 623,626-627 
universal thunks 623, 626 

Tiles and scan lines, file parsing bitmapped sections 335-336 
timeGetSystemTime function 129 
timeGetTime function 129 
timeKiIIEvent function 129 
timeSetEvent function 129 
ToAscii function 597 
ToAsciiEx function 597 



Tool help functions 
code examples 

functions, accessing 463-464 
module lists, traversing 467-468 
processes, viewing 464-465 
snapshots, taking 464-465 
thread lists, traversing 466-467 

functions 468-475 
heap lists and heap walking 462 
modules, taking snapshots of 461 
overview 459 
processes, taking snapshots of 460-461 
snapshots 459-460 
structures 476-480 
threads, taking snapshots of 461 

Toolbar buttons 
code example, turning buttons into a toolbar 78 
file viewer guidelines 317-318 

Toolbar controls 
See also Application desktop toolbars 
creating 78-79 
described 36 

Toolhelp32ReadProcessMemory function 461,475 
Tools, development, Windows 95 Logo requirements 44-45 
Tooltip controls 318 
Trackbar controls 37 
TrackPopupMenu function 96 
Translating pointers, thunking 622,625,634-635 
Tree view controls 36 
Tree view windows, creating 79-81 
Trimming pen data, example 147-149 
TrimPenData function 141 
Troubleshooting 

policy-related problems 445 
thunking implementations 636 

TrueType fonts (.TIF), installing 176 
.TTF filename extension See TrueType fonts (.TIF), installing 
TIN_NEEDTEXT notification message 92 
TVN_SELCHANGED notification message 92 
Typical setup option 162 

u 
UNC See Universal Naming Convention (UNC) 
Unicode (wide characters), implementing 51 
Uninstall information 

code example 109-111 
registering 108:-111, 176-177 

Universal naming convention (UNC) 32, 174, 271 
Universal thunking model 623, 626 
UnloadKeyboardLayout function 52 
Unlock Logical Volume (Interrupt 21h) function 559 
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Unlock Physical Volume (Interrupt 21h) function 560 
UnmapViewOtFile function 60 
UnrealizeObject function 55 
Up-down controls 36 
User interface 

customizing input method editor (1MB) 608-611 
guidelines, file viewers 314-3 21 
password user interface, including 413 
System Policy Editor 443-445 

Utilities 
EXEHDR, Microsoft EXE file header utility 636 
LFNBK, preserving long filenames 485 
RegEdit, backing up registry 103 
UUIDGEN.EXE, producing GUIDs 106,225 
Windows 95 Logo requirements 44 
WININIT.EXE, processing WININIT.INI files 165 

UUIDGEN.EXE utility, producing GUIDs 106,225 

v 
Validation of parameters, Windows version differences 70 
Vector attribute values 397-398 
Vector graphics sections, processed by file parsers 337 
Vector object values 392-396 
Verbs, canonical 223 
Verifying signatures 133, 141 
Version management, OLE 23 
Video compression 128 
Video performance guidelines 

data and frame rates 128 
interleave options 128 
key frames 129 
palette flashing 129 
video compression 128 
window size and position 127-128 

View menu for file viewers 316 
Viewers See File viewers 
Viewport window, file viewers 320-321 
Virtual device (VxD) See VxDs 
Virtual folders 183 
Virtual machine manager (VMM) 

See also Virtual machine services 
described 3-4 

Virtual machine services 
close-aware applications 

described 584-585 
functions 589-590 

MS-DOS-based applications 6-7, 583-590 
overview 583 
window title 

described 583-584 
functions 586-588 
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VirtualAlloc function 59 
VirtualQueryEx function 461 
Visual editing, OLE 22 
VMM See Virtual machine manager 
Volume file allocation tables (FAT), changing 545 
Volume locking 

exclusive See Exclusive volume locking 
logical 546 
physical 546 

VWIN32_DIOCCompletionRoutiIie service 437 
VWIN32 MS-DOS control codes 429 
VWIN32.VXD, system VxD 429--A30 
VwStreamCloseFunc function 328, 340-341 
VwStreamOpenFunc function 328,341 
VwStreamReadFunc function 328, 342 
VwStreamReadRecordFunc function 328, 342 
VwStreamSectionFunc function 328,342-343 
VwStreamSeekFunc function 328,343 
VwStreamTellFunc function 328, 343 
.VXD filename extension See VxDs 
VxDs 

w 

asynchronous operations 429,433 
closing 428 
control codes, processing 433 
drives, logical and physical, gaining access to 61 
dynamically loadable 

opening 426, 432 
removing from memory 428 
setting initialization files 166 

exclusive volume locking 553 
input-output control, supporting 431-433 
loading 432 
opening 426-427 
overlapped operations 429,433 
properties, program information files (.PIF files) 571-572 
purpose of 4-5 
sending commands to 427-428 
static 426, 428 
VWIN32.VXD, system VxD 429-430 
Windows 95 Logo requirements 46 

W286PIF30 structure 568 
W32_DEVICEIOCONTROL system message 436-437 
W386PIF30 structure 568 
WaitForMultipleObjects function 61 
WaitForMultipleObjectsEx function 61 
WaitForPrinterChange function 57 
WaitForSingleObject function 61 
WaitForSingleObjectEx function 61 
WE platform (WesternlEastern European languages) 

See International guidelines 
WENHPIF40 structure 568 

WesternlEastern European languages See International 
guidelines 

WideCharToMultiByte function 51 
Wildcard searching, changes to 486, 506, 523 
WIN.INI, avoiding use of 166 
Win16-based applications 

. support of 7 
thunking mechanics 622 
volume locking considerations 555 

win31compat statement 623,636 
Win32 application programming interface (API) overview 14 
Win32-based applications 

programming interface overview 14 
support of 7 
thunking mechanics 622 
volume locking considerations 555 

WIN32_FIND_DATA structure 543-544 
Win32 functions, behavior inside 16-bit processes 624-625 
Win32 limitations in Windows 95 See Windows 95 system 

limitations 
Window 

See also Common controls; Dialog boxes 
appearance, file viewer guidelines 314-315 
changing a window's style 63-64 
composition, changing 605 
creating common control windows 76-83 
handles, Windows 95 system limitations 52 
icons, dragging 64 
management 

described 15-16 
limitations See Windows 95 system limitations 
Windows version differences 63-65 

mouse capture, losing, Windows version differences 64 
size and position for video playback· 127-128 
sizing and resizing, code example 83-84 
titles, virtual machine services 583-584 

WINDOWPLACEMENT structure 70 
Windows 95 architecture, overview of software components 3 
Windows 95 Explorer 73-74 
Windows 95 Help 38-39 
Windows 95 international versions, changing resource 

files 615 
Windows 95 Logo requirements 

ATA (IDE) adapters 48 
ATA (IDE) peripherals 48 
audio adapters 47 
development tools 44-45 . 
device drivers 46 
display adapters 4~-4 7 
external communications devices 50 
file-based applications 44 
floppy disk controllers 48 
full screen mode applications 42, 44 
games and children's software 44 



Windows 95 Logo requirements (continued) 
hardware peripheral devices 46 
modems 50 
network adapters 50 
nonfile-based applications 42-44 
overview 42 
parallel port devices 50 
personal computer (PC) system 45-46 
Plug and Play, supporting 45-46 
printers 50 
SCSI devices 49 
SCSI host adapters 48-49 
storage devices 47-49 
utilities 44 

Windows 95 platform strategy, international guidelines 593 
Windows 95 system limitations 

general limitations 
Boolean functions 52 
stub routines provided for unsupported functions 51 
Unicode implementations of functions 51 

graphics device interface (GDI) 
bounding rectangle coordinates 53 
color mask support 55 
DeviceCapabilities function support 56 
DEVMODE structure support 57 
drawing objects, deleting 56 
enhanced metafile format (EMF) 56-57 
ensuring adequate space for objects 53 
EnumDisplaySettings function support 58 
GetDIBits function return value 56 
GetGraphicsMode function support 56 
paths, constructing 56 
pens and brushes 55 
Postscript printing 58 
printer information structure support 57 
printing and print spooling functions 57-58 
regions and local heaps 53-55 
SetGraphicsMode function support 56 
Windows NT print monitor DLL support 57 
world transformations 55 
x- and y-coordinates 53 

multimedia 62 
overview 51 
system services (kernel) 

asynchronous file input and output support 58 
deleting open files 59 
DosDateTimeToFileTime function 59 
drives, physical and logical, gaining access to 61 
extended error support 58 
file handles, opening and closing 60 
file mapping 60 
file time precision 59 
file view coherence 60 
FileTimeToDosDateTime function 59 
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Windows 95 system limitations (continued) 
system services (kernel) (continued) 

FlushInstructionCache function support 61 
GetLastError function 58 
LoadLibrary function support 61 
memory allocation 59-60 
reallocating fixed memory blocks 59 
registry key handles, duplicating 61 
registry key names 61 
resources, automatically freeing 61 
SYNCHRONIZE standard access rights flag 61 
thread locales 61 

window management (user) 
dialog box appearance 53 
edit controls 52 
extended error support 52 
GetLastError function 52 
GetThreadDesktop function 52 
handles, window and menu 52 
list boxes 52 
LoadCursor function 53 
MessageBox function 53 
MessageBoxEx function 53 
MessageBoxindirect function 53 
private application messages 52 
SetThreadDesktop function 52 

Windows 95 user interface, datacentric design 29 
Windows 95 version of MS-DOS 483 
Windows directory 163 
Windows logon passwords 

adding services to 415 
changing logon passwords 415-416 
error conditions, handling of 416 
removing services from 415 

Windows NT 
difference in handling registry 103 
print monitor DLL support 57 

Windows version differences 
buttons 65-66 
changing a window's style 63-64 
client rectangle of minimized window 69 
combo boxes 67 
dialog boxes 65 
edit controls 66 
icons, dragging 64 
list boxes 66-67 
menus 68 
mouse capture, losing 64 
overview 63 
parameter validation 70 
system bitmaps and colors 68-69 
system metrics 69-70 
window management, general 63-65 

WinExec function 305,487 
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WININIT.EXE, processing WININIT.INI files 165 
WININIT.INI, replacing DLLs during program 

installation 165 
WinMain function 307 
Wizard controls 36 
WM_ACTIV ATE message 253 
WM_ACTIV ATEAPP message ·130-131 
WM_CANCELMODE message 64 
WM_CAPTURECHANGED message 64, 66-67 
WM_CONTEXTMENVmessage 96 
WM_CTLCOLOR message 68 
WM_CTLCOLORBTN message 65, 68 
WM_CTLCOLORDLG message 68 
WM_CTLCOLOREDITmessage 66-68 
WM_CTLCOLORLISTBOX message 67-68 
WM_CTLCOLORMSGBOX message 68 
WM_CTLCOLORSCROLLBAR message 68 
WM_CTLCOLORSTATIC message 65-68 
WMJ)EVICECHANGE message 13, 132 
WM_DISPLA YCHANGE message 13 
WM_DRA WITEM message 67 
WM_DROPFILES message 309-310 
WM_GETICON message 64 
WM_IME_COMPOSmON message 606-608, 611 
WM_IME_CONTROL message 608 
WM_IME_ENDCOMPOSITION message 611 
WM_IME_NOTIFY message 606-608 
WM.:...IME_SETCONTEXT message 613 
WM_IME_STARTCOMPOSITION message 611 
WM_INITDIALOG message 97 
WM_INPUTLANGCHANGE message 596-597 
WM_INPUTLANGCHANGEREQUEST message 597 
WM_MENUSELECT message 68 
WM_NOTIFY message 91 
WM_PALETTECHANGED message 129 
WM_P ARENTNOTIFY message 64 
WM_POWERBROADCAST message 13 
WM_QUERYDRAGICON message 64 
WM_QUERYENDSESSION message 585 
WM_QUERYNEWPALETTE message 129 
WM_SETICON message 64 

WM_STYLECHANGED message 63 
WM_STYLECHANGING message 63 
WM_USER message 143 
WM_ WINDOWPOSCHANGED message 253 
Word processing sections, processed by file parsers 

characters and character attributes 332-333 
embedded objects 333 
paragraph attributes 331 
subdocuments 332 
tables 331 

Word size 622 
Working directory, used for shortcut objects 272 
WOWCallback16 function 641-642 
WOWCallback16Ex function 642-643 
WOWGetVDMPointer function 634, 643-644 
WOWGetVDMPointerFix function. 634, 644 
WOWGetVDMPointerUnfix function 634, 645 
WOWGlobalAlloc16 function 645 
WOWGlobalAllocLock16 function 645 
WOWGlobalFree16 function 645 
WOWGlobalLock16 function 646 
WOWGlobalLockSize16 function 646 
WOWGlobalUnlock16 function 646 
WOWGlobalUnlockFree16 function 646 
WOWHandle16 function 647 
WOWHandle32 function 648 
WriteFile function 58,60 
WriteFileEx function 58 
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