




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix B Microsoft-Specific Modifiers

Alternatively, to make your code more readable, you can use macro definitions:

fidefine DI1Import __declspec( d1limport )
fidefine DI1Export __declspec( dllexport )

D11Export void func();
D1T1Export int i = 10;
D11Import int j:
D11Export int n;

Definitions and Declarations
The DLL interface refers to all items (functions and data) that are known to be
exported by some program in the system,; that is, all items that are declared as
dllimport or dllexport. All declarations included in the DLL interface must specify
either the dllimport or dllexport attribute. However, the definition must specify only
the dllexport attribute. For example, the following function definition generates a
compiler error:
__declspec( d1limport ) int func() // Error; dllimport

// prohibited on definition.
{

return 1;
}

This code also generates an error:

ftdefine D11Import __declspec( d1limport )

__declspec( d1limport ) int i = 106; // Error; this is a
// definition.

However, this is correct syntax:
__declspec( dllexport )} int i = 18; // Okay--export definition

The use of dllexport implies a definition, while dllimport implies a declaration. You
must use the extern keyword with dllexport to force a declaration; otherwise, a
definition is implied. Thus, the following examples are correct:

fidefine D]]Imbort __declspec( d11limport )
fidefine D1T1Export __declspec( dllexport )

extern D11Import int k; // These are both correct and imply a
D11Import int j; // declaration.

The following examples clarify the preceding:

static __declspec( dllimport ) int 1; // Error; not declared extern.

void func()

{
static __declispec( dllimport ) int s; // Error; not declared
// extern.
__declspec( d1limport ) int m; // Okay: this is a

// declaration.
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__declspec( dllexport ) int n; // Error; implies external
// definition in local scope.
extern __declspec( dilimport ) int i; // Okay; this is a
// declaration.
extern __declspec( dllexport ) int k; // Okay; extern implies

// declaration.
__declspec( dllexport ) int x = 5; // Error; implies external
// definition in Tocal scope.
}

Defining Inline C++ Functions with dllexport and dllimport

You can define as inline a function with the dllexport attribute. In this case, the
function is always instantiated and exported, whether or not any module in the
program references the function. The function is presumed to be imported by another
program.

You can also define as inline a function declared with the dllimport attribute. In
this case, the function can be expanded (subject to /Ob specifications), but never
instantiated. In particular, if the address of an inline imported function is taken, the
address of the function residing in the DLL is returned. This behavior is the same as
taking the address of a non-inline imported function.

These rules apply to inline functions whose definitions appear within a class
definition. In addition, static local data and strings in inline functions maintain the
same identities between the DLL and client as they would in a single program (that is,
an executable file without a DLL interface).

Exercise care when providing imported inline functions. For example, if you update
the DLL, don’t assume that the client will use the changed version of the DLL. To
ensure that you are loading the proper version of the DLL, rebuild the DLL's client as
well.

General Rules and Limitations

o If you declare a function or object without the dllimport or dllexport attribute, the
function or object is not considered part of the DLL interface. Therefore, the
definition of the function or object must be present in that module or in another
module of the same program. To make the function or object part of the DLL
interface, you must declare the definition of the function or object in the other
module as dllexport. Otherwise, a linker error is generated.

If you declare a function or object with the dllexport attribute, its definition must
appear in some module of the same program. Otherwise, a linker error is generated.

e If a single module in your program contains both dllimport and dllexport
declarations for the same function or object, the dllexport attribute takes
precedence over the dllimport attribute. However, a compiler warning is
generated. For example:

__declspec( d11limport ) int i;

__declspec( dllexport ) int i; // Warning; inconsistent;
// d1lexport takes precedence.
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e In C, a compiler error is generated if you initialize a globally declared pointer with
the address of a data object declared with the dllimport attribute. Similarly, you
cannot initialize a static local function pointer with the address of a function
declared with the dllimport attribute, or initialize a static local data pointer with
the address of a data object declared with the dllimport attribute. The C++
compiler does not enforce this restriction, because C++ supports dynamic
initialization of local and global static objects. For example, the following code
generates errors when compiled with the C compiler, but not with the C++
compiler.

__declspec( d1limport ) void funcl( void );
__declspec( dl1limport ) int i;

int *pi = &i; // Error in C
static void ( *pf )( void ) = &funcl; // Error .in C
void func2()
{
static int *pi = &i; // Error in C
static void ( *pf )( void ) = &funcl; // Error in C
1

However, because a program that includes the dllexport attribute in the declaration
of an object must provide the definition for that object somewhere in the program,
you can initialize a global or local static function pointer with the address of a
dllexport function. Similarly, you can initialize a global or local static data pointer
with the address of a dllexport data object. For example the following code does
not generate errors in C or C++:

__declspec( dllexport ) void funcl( void );
__declspec( dllexport ) int i;

int *pi = &i; // Okay
static void ( *pf )( void ) = &funcl; // Okay
void func2()
{
static int *pi = &i; // Okay
static void ( *pf )( void ) = &funcl; // Okay
}

Using dllimport and dllexport in C++

You can declare C++ classes with the dllimport or dllexport attribute. These forms
imply that the entire class is imported or exported. Classes exported this way are
called exportable classes.

The following example defines an exportable class. All its member functions and
static data are exported:
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fidefine D11Export __declispec( dllexport )

class D11Export C

( .
int i;
virtual int func( void )
{ return 1; }

};

Note that explicit use of the dllimport and dllexport attributes on members of an
exportable class is prohibited.

dllexport Classes

When you declare a class dllexport, all its member functions and static data members
are exported. You must provide the definitions of all such members in the same
program. Otherwise, a linker error is generated. The one exception to this rule applies
to pure virtual functions, for which you need not provide explicit definitions.
However, because a destructor for an abstract class is always called by the destructor
for the base class, pure virtual destructors must always provide a definition. Note that
these rules are the same for nonexportable classes.

If you export data of class type or functions that return classes, be sure to export the
class. '

dllimport Classes

When you declare a class dllimport, all its member functions and static data members
are imported. Unlike the behavior of dllimport and dllexport on nonclass types, static
data members cannot specify a definition in the same program in which a dllimport
class is defined.

Inheritance and Exportable Classes

All base classes of an exportable class must be exportable. If not, a compiler warning
is generated. Moreover, all accessible members that are also classes must be
exportable. This rule permits a dllexport class to inherit from a dllimport class,

and a dllimport class to inherit from a dllexport class (though the latter is not
recommended). As a rule, everything that is accessible to the DLL’s client (according
to C++ access rules) should be part of the exportable interface. This includes private
data members referenced in inline functions.

Selective Member Import/Export

Because member functions and static data within a class implicitly have external
linkage, you can declare them with the dllimport or dllexport attribute, unless the
entire class is exported. If the entire class is imported or exported, the explicit
declaration of member functions and data as dllimport or dllexport is prohibited. If
you declare a static data member within a class definition as dllexport, a definition
must occur somewhere within the same program (as with nonclass external linkage).
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Similarly, you can declare member functions with the dllimport or dllexport
attributes. In this case, you must provide a dllexport definition somewhere within
the same program.

It is worthwhile to note several important points regarding selective member import
and export:

e Selective member import/export is best used for providing a version of the
exported class interface that is more restrictive; that is, one for which you can
design a DLL that exposes fewer public and private features than the language
would otherwise allow. It is also useful for fine-tuning the exportable interface:
when you know that the client, by definition, is unable to access some private data,
you need not export the entire class.

¢ If you export one virtual function in a class, you must export all of them, or at least
provide versions that the client can use directly.

e If you have a class in which you are using selective member import/export with
virtual functions, the functions must be in the exportable interface or defined inline
(visible to the client).

e If you define a member as dllexport but do not include it in the class definition,
a compiler error is generated. You must define the member in the class header.

e Although the definition of class members as dllimport or dllexport is permitted,
you cannot override the interface specified in the class definition.

o If you define a member function in a place other than the body of the class
definition in which you declared it, a warning is generated if the function is defined
as dllexport or dllimport (if this definition differs from that specified in the class
declaration).

C++ Inline Assembler

The inline assembler lets you embed assembly-language instructions in your C source
programs without extra assembly and link steps. The inline assembler is built into the
compiler—you don’t need a separate assembler such as the Microsoft Macro
Assembler (MASM).

Because the inline assembler doesn’t require separate assembly and link steps, it is
more convenient than a separate assembler. Inline assembly code can use any C
variable or function name that is in scope, so it is easy to integrate it with your
program’s C code. And because the assembly code can be mixed with C statements,
it can do tasks that are cumbersome or impossible in C alone.

The __asm keyword invokes the inline assembler and can appear wherever a

C statement is legal, It cannot appear by itself. It must be followed by an assembly
instruction, a group of instructions enclosed in braces, or, at the very least, an empty
pair of braces. The term “__asm block” here refers to any instruction or group of

instructions, whether or not in braces.
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The following code is a simple __asm block enclosed in braces. (The code is a
custom function prolog sequence.)

__asm
{

push ebp

mov ebp, esp

sub esp, _ LOCAL_SIZE
1

Alternatively, you can put __asm in front of each assembly instruction:

__asm push ebp
_.asm mov ebp, esp
__asm sub esp, LOCAL_SIZE

Since the __asm keyword is a statement separator, you can also put assembly
instructions on the same line:

__asm push ebp __asm mov ebp, esp __asm sub esp, __LOCAL_SIZE



APPENDIX C

Microsoft-Specitic Compiler
COM Support Classes

Standard classes are used to support some of the COM types. There are four classes
defined in COMDEEH and the header files generated from the type library.

#include <comdef.h>

Class Purpose

_COIN_error Defines the error object thrown by _com_raise_error in most failures.

_com_ptr_t Encapsulates COM interface pointers, and automates the required calls
to AddRef, Release, and QueryInterface.

_bstr_t Wraps the BSTR type to provide useful operators and methods.

_variant_t Wraps the VARIANT type to provide useful operators and methods.

_Ccomn_eIrror

A _com_error object represents an exception condition detected by the
error-handling wrapper functions in the header files generated from the type
library or by one of the COM support classes. The _com_error class encapsulates
the HRESULT error code and any associated IErrorInfo object.

#include <comdef.h>

Construction

_com_error Constructs a _com_error object.

Operators

operator = Assigns an existing _com_error object to another.

Extractor Functions

Error Retrieves the HRESULT passed to the constructor.
ErrorInfo Retrieves the IErrorInfo object passed to the constructor.
XM AAA D atenrrnn tha 1L it neene ~nda smnmend nén tha r\v\nnv\n\‘lnf’\r‘
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HRESULT.
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[Errorinfo functions

Description Calls IErrorInfo::GetDescription function.
HelpContext Calls IErrorInfo::GetHelpContext function.
HelpFile Calls IErrorInfo::GetHelpFile function
Source Calls IErrorInfo::GetSource function.
GUID Calls IErrorInfo::GetGUID function.

Format Message Extractor

ErrorMessage Retrieves the string message for HRESULT stored
in the _com_error object.

Exeplnfo.wCode to HRESULT Mappers

HRESULTToWCode Maps 32-bit HRESULT to 16-bit wCode.
WCodeToHRESULT Maps 16-bit wCode to 32-bit HRESULT.

Member Functions

_COIm_error::_com_error
_com_error( HRESULT #r, IErrorInfo* perrinfo = NULL ) throw( );
_com_error( const _com_error& that ) throw( );
Parameters
hr HRESULT information
perrinfo IErrorInfo object

that An existing _com_error object

Remarks
Constructs a _com_error object. The first constructor creates a new object given an
HRESULT and optional IErrorInfo object. The second creates a copy of an existing
_com_error object.

_com_error::Description
_bstr_t Description( ) const throw ( );

Return Value
Returns the result of IErrorInfo::GetDescription for the IErrorInfo object recorded
within the _com_error object. The resulting BSTR is encapsulated in a _bstr_t
object. If no IErrorInfo is recorded, it returns an empty _bstr_t.

Remarks
Calls the IErrorInfo::GetDescription function and retrieves IErrorInfo recorded
within the _com_error object. Any failure while calling the
IErrorInfo::GetDescription method is ignored.
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_com_error::Error
HRESULT Error( ) const throw( );

Return Value
Raw HRESULT item passed into the constructor.

Remarks
Retrieves the encapsulated HRESULT item in a _com_error object.

_com_error::ErrorInfo

IErrorInfo * ErrorInfo( ) const throw( );

Return Value
Raw IErrorInfo item passed into the constructor.

Remarks
Retrieves the encapsulated IErrorInfo item in a _com_error object, or NULL if no
IErrorInfo item is recorded. The caller must call Release on the returned object when
finished using it.

_com_error::ErrorMessage
const TCHAR * ErrorMessage( ) const throw( );

Return Value
Returns the string message for the HRESULT recorded within the _com_error
object. If the HRESULT is a mapped 16-bit wCode, then a generic message
“IDispatch error #<wCode>” is returned. If no message is found, then a generic
message “Unknown error #<hresult>” is returned. The returned string is either a
Unicode or multibyte string, depending on the state of the _UNICODE macro.

Remarks
Retrieves the appropriate system message text for HRESULT recorded within the
_com_error object. The system message text is obtained by calling the Win32
FormatMessage function. The string returned is allocated by the FormatMessage
API, and it is released when the _com_error object is destroyed.

_com_error::GUID
GUID GUID() const throw( );

Return Value
Returns the result of IErrorInfo::GetGUID for the IErrorInfo object recorded
within the _com_error object. If no IErrorInfo object is recorded, it returns

GUID_NULL.

381



C++ Language Reference

Remarks
Calls the IErrorInfo::GetGUID method. Any failure while calling the
IErrorInfo::GetGUID method is ignored.

_com_error::HelpContext
DWORD He]pCohtext( ) const throw();

Return Value
Returns the result of IErrorInfo::GetHelpContext for the IErrorInfo object
recorded within the _com_error object. If no IErrorInfo object is recorded, it
returns a zero.

Remarks
Calls the IErrorInfo::GetHelpContext interface method. Any failure while calling
the IErrorInfo::GetHelpContext method is ignored.

_com_error::HelpFile
»_bstr_t HelpFile( ) const throw( );

Return Value _
Returns the result of IErrorInfo::GetHelpFile for the IErrorInfo object recorded
within the _com_error object. The resulting BSTR is encapsulated in a _bstr_t
object. If no IErrorInfo is recorded, it returns an empty _bstr_t.

Remarks A
Calls the IErrorInfo::GetHelpFile interface method. Any failure while calling the
IErrorInfo::GetHelpFile method is ignored.

_com_error::HRESULTToWCode

static WORD HRESULTToW Code( HRESULT #r) throw( );

Return Value
16-bit wCode mapped from the 32-bit HRESULT

Parameters
hr The 32-bit HRESULT to be mapped to 16-bit wCode

Remarks , .
Performs 32-bit HRESULT to 16-bit wCode mapping. See _com_error::WCode for
more information.

See Also: _com_error::WCode, _com_error::WCodeToHRESULT

__com_error::Source

_bstr_t Source( ) const throw( );
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Return Value :
Returns the result of IErrorInfo::GetSource for the IErrorInfo object recorded
within the _com_error object. The resulting BSTR is encapsulated in a _bstr_t
object. If no IErrorInfo is recorded, it returns an empty _bstr_t.

Remarks
Calls the IErrorInfo::GetSource interface method. Any failure while calling the
IErrorInfo::GetSource method is ignored.

_com_error::WCode
WORD WCode () const throw( );

Return Value
If the HRESULT is within the range 0x80040200 to 0x8004FFFF, the WCode
method returns the HRESULT minus 0x80040200, else it returns zero.

Remarks

The WCode method retrieves a 16-bit error code which has been mapped into the
encapsulated HRESULT.

The WCode method is used to undo a mapping which happens in the COM support
code. The wrapper for a dispinterface property or method calls a support routine
which packages the arguments and calls IDispatch::Invoke. Upon return, if a failure
HRESULT of DISP_E_EXCEPTION is returned, the error information is retrieved
from the EXCEPINFO structure passed to IDispatch::Invoke. The error code can
either be a 16-bit value stored in the wCode member of the EXCEPINFO structure or
a full 32-bit value in the scode member of the EXCEPINFO structure. If a 16-bit
wCode is returned, it must first be mapped to a 32-bit failure HRESULT.

See Also: _com_error::HRESULTToWCode, _com_error::WCodeToHRESULT

_com_error::WCodeToHRESULT
static HRESULT WCodeToHRESULT( WORD wCode ) throw( );

Return Value
32-bit HRESULT mapped from the 16-bit wCode.

Parameters
wCode The 16-bit wCode to be mapped to 32-bit HRESULT

Remarks
Performs 16-bit wCode to 32-bit HRESULT mapping. See the WCode member
function.

See Also: _com_error::WCode, _com_error::HRESULTToWCode
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Operators
_com_error::operator =

_com_error& operator = ( const _com_error& that ) throw ();

Parameters

Remarks

that A _com_error object

Assigns an existing _com_error object to another.

_com_ptr_t

384

A _com_ptr_t object encapsulates a COM interface pointer and is called a “smart”
pointer. This template class manages resource allocation and deallocation, via function
calls to the IUnknown member functions: QueryInterface, AddRef, and Release.

A smart pointer is usually referenced by the typedef definition provided by the
_COM_SMARTPTR_TYPEDEF macro. This macro takes an interface name and
the IID, and declares a specialization of _com_ptr_t with the name of the interface
plus a suffix of Ptr. For example,

_COM_SMARTPTR_TYPEDEF(IMyInterface, __uuidof(IMyInterface));
declares the _com_ptr_t specialization IMyInterfacePtr.

A set of function templates, not members of this template class, support comparisons
with a smart pointer on the right-hand side of the comparison operator.

#include <comdef.h>
Construction

_com_ptr_t Constructs a _com_ptr_t object.
Low-level Operations

AddRef Calls the AddRef member function of IUnknown on the
encapsulated interface pointer.

Attach Encapsulates a raw interface pointer of this smart pointer’s
type.

CreateInstance Creates a new instance of an object given a CLSID or
ProgID.

Detach Extracts and returns the encapsulated interface pointer.

GetInterfacePtr Returns the encapsulated interface pointer.

QuerylInterface Calls the QueryInterface member function of IUnknown

on the encapsulated interface pointer.

Release Calls the Release member function of IUnknown on the
encapsulated interface pointer.
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Operators

operator = Assigns a new value to an existing _com_ptr_t object.

operators ==, !=, <, >, <=, >= Compare the smart pointer object to another smart pointer,
raw interface pointer, or NULL.

Extractors Extract the encapsulated COM interface pointer.

Member Functions

_com_ptr_t::_com_ptr_t
_com_ptr_t() throw( );
_com_ptr_t( Interface* plnterface ) throw();
_com_ptr_t( Interface* pInterface, bool fAddRef ) throw( );
_com_ptr_t(int NULL ) throw( _com_error );
template< > _com_ptr_t( const _com_ptr_t& cp ) throw( );

template<typename _InterfacePtr> _com_ptr_t( const _InterfacePtr& p)
«» throw( _com_error );

template< > _com_ptr_t( const _variant_t& varSrc ) throw( _com_error );

explicit _com_ptr_t( const CLSID& clsid, DWORD dwClsContext = CLSCTX_ALL)
< throw( _com_error );

explicit _com_ptr_t( LPOLESTR [pOleStr, DWORD dwClsContext = CLSCTX_ALL)
o throw( _com_error );

explicit _com_ptr_t( LPCSTR IpcStr, DWORD dwClsContext = CLSCTX_ALL)
«» throw( _com_error );

Parameters
plnterface araw interface pointer

JAddRef if true, AddRef is called to increment the reference count of the
encapsulated interface pointer

¢p a_com_ptr_t object

p araw interface pointer, its type being different from the smart pointer type of this
_com_ptr_t object

varSrc a _variant_t object

clsid the CLSID of a coclass

dwClsContext context for running executable code

IpOleStr a Unicode string that holds either a CLSID (starting with “{”) or a ProgID
IpcStr  a multibyte string that holds either a CLSID (starting with “{”") or a ProgID.

Remarks
Constructs a _com_ptr_t object.

e _com_ptr_t() Constructs a NULL smart pointer.
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e _com_ptr_t( pInterface ) Constructs a smart pointer from a raw interface pointer

of this smart pointer’s type. AddRef is called to increment the reference count for
the encapsulated interface pointer.

_com_ptr_t( pInterface, fAddRef) Constructs a smart pointer from a raw
interface pointer of this smart pointer’s type. If fAddRef is true, AddRef is called
to increment the reference count for the encapsulated interface pointer. If fAddRef
is false, this constructor takes ownership of the raw interface pointer without
calling AddRef.

_com_ptr_t(NULL ) Constructs a NULL smart pointer. The NULL argument
must be a zero.

_com_ptr_t( cp) Constructs a smart pointer as a copy of another instance of the
same smart pointer. AddRef is called to increment the reference count for the
encapsulated interface pointer.

_com_ptr_t(p) Constructs a smart pointer from a different smart pointer type or
from a different raw interface pointer. QueryInterface is called to find an interface
pointer of this smart pointer’s type. If QuerylInterface fails with an -
E_NOINTERFACE error, a NULL smart pointer is constructed. Any other error
causes a _com_error to be raised.

_com_ptr_t( varSrc) Constructs a smart pointer from a _variant_t object. The
encapsulated VARTANT must be of type VI_DISPATCH or VI_UNKNOWN,
or it can be converted into one of these two types. If QueryInterface fails with an
E_NOINTERFACE error, a NULL smart pointer is constructed. Any other error
causes a _com_error to be raised.

_com_ptr_t( clsid, dwClsContext ) Constructs a smart pointer given the CLSID
of a coclass. This function calls CoCreateInstance, by the member function
Createlnstance, to create a new COM object and then queries for this smart
pointer’s interface type. If QueryInterface fails with an E_NOINTERFACE
error, a NULL smart pointer is constructed. Any other error causes a _com_error
to be raised. ) ‘

_com_ptr_t( [pOleStr, dwClsContext ) Constructs a smart pointer given a
Unicode string which holds either a CLSID (starting with “{””) or a ProgID. This
function calls CoCreateInstance, by the member function CreateInstance, to
create a new COM object and then queries for this smart pointer’s interface type. If
QuerylInterface fails with an E_NOINTERFACE error, a NULL smart pointer is
constructed. Any other error causes a _com_error to be raised.

_com_ptr_t( IpcStr, dwClsContext ) Constructs a smart pointer given a multibyte
character string which holds either a CLSID (starting with “{””) or a ProgID. This
function calls CoCreateInstance, by the member function Createlnstance, to
create a new COM object and then queries for this smart pointer’s interface type. If
QueryInterface fails with an E_NOINTERFACE error, a NULL smart pointer is
constructed. Any other error causes a _com_error to be raised.
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_com_ptr_t::AddRef
void AddRef( ) throw( _com_error );

Remarks :
Calls IUnknown::AddRef on the encapsulated interface pointer, raising an
E_POINTER error if the pointer is NULL.

_com_ptr_t::Attach

void Attach( Interface* plnterface ) throw( );
void Attach( Interface* pInterface, bool fAddRef) throw( );

Parameters
plnterface araw interface pointer

fAddRef If it is true, then AddRef is called. If it is false, the _com_ptr_t object
takes ownership of the raw interface pointer without calling AddRef.

Remarks
Encapsulates a raw interface pointer of this smart pointer’s type.

o Attach( pinterface) AddRef is not called. The ownership of the interface is
passed to this _com_ptr_t object. Release is called to decrement the reference
count for the previously encapsulated pointer.

o Attach( pinterface, fAddRef) If fAddRefis true, AddRef is called to increment
the reference count for the encapsulated interface pointer. If fAddRef is false, this
_com_ptr_t object takes ownership of the raw interface pointer without calling
AddRef. Release is called to decrement the reference count for the previously
encapsulated pointer.

_com_ptr_t::Createlnstance

HRESULT CreateInstance( const CLSID& rcisid,

« DWORD dwClsContext = CLSCTX_ALL ) throw();
HRESULT CreateInstance( LPOLESTR cIsidString,

« DWORD dwClsContext = CLSCTX_ALL ) throw();
HRESULT CreateInstance( LPCSTR clsidStringA,

«» DWORD dwClsContext = CLSCTX_ALL ) throw( );

Parameters
rclsid the CLSID of an object

clsidString a Unicode string that holds either a CLSID (starting with “{”) or a
ProgID -

blsidStringA a multibyte string that holds either a CLSID (starting with “{”’) or a
ProgID

dwClsContext context for running executable code
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Remarks
Creates a new running instance of an object given a CLSID or ProgID. This member
functions calls CoCreateInstance to create a new COM object and then queries for
this smart pointer’s interface type. The resulting pointer is then encapsulated within
this _com_ptr_t object. Release is called to decrement the reference count for the
previously encapsulated pointer. This routine returns the HRESULT to indicate
success or failure.

o Createlnstance( rclsid, dwClsContext) Creates a new running instance of an
object given a CLSID.

o Createlnstance( clsidString, dwClsContext ) Creates a new running instance of
an object given a Unicode string which holds either a CLSID (starting with “{”") or
a ProgID. '

o Createlnstance( clsidStringA, dwClsContext) Creates a new running instance of
an object given a multibyte character string which holds either a CLSID (starting
with “{””) or a ProgID.

_com_ptr_t::Detach
Interface* Detach( ) throw( );

Remarks
Extracts and returns the encapsulated interface pointer, then clears the encapsulated
pointer storage to NULL. This removes the interface pointer from encapsulation. It is
up to you to call Release on the returned interface pointer.

_com_ptr_t::GetlnterfacePtr

Interface* GetInterfacePtr( ) const throw( );

Remarks
Returns the encapsulated interface pointer, which may be NULL.

_com_ptr_t::QueryInterface

template<typename _InterfaceType> HRESULT QueryInterface ( const IID& iid,
« _InterfaceType*& p ) throw ();

template<typename _InterfaceType> HRESULT QueryInterface ( const IID& iid,
< _InterfaceType** p) throw();

Parameters
iid IID of an interface pointer

p raw interface pointer
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Remarks
Calls IUnknown::QueryInterface on the encapsulated interface pointer with
the specified IID, and returns the resulting raw interface pointer in p. This routine
returns the HRESULT to indicate success or failure.

_com_ptr_t::Release
void Release( ) throw( _com_error );

Remarks
Calls IUnknown::Release on the encapsulated interface pointer, raising an
E_POINTER error if this interface pointer is NULL.

Operators
_com_ptr_t::operator =

_com_ptr_t& operator=( Interface* pInterface ) throw();
_com_ptr_t& operator=( int NULL ) throw( _com_error );
template< > _com_ptr_t& operator=( const _com_ptr_t& cp ) throw();
template< > _com_ptr_t& operator=( const _variant_t& varSrc)

< throw( _com_error );
template<typename _InterfacePtr> _com_ptr_t& operator=

< ( const _InterfacePtr& p ) throw( _com_error );

Remarks
Assigns an interface pointer to this _com_ptr_t object:

e operator=( pInterface ) Encapsulates a raw interface pointer of this smart
pointer’s type. AddRef is called to increment the reference count for the
encapsulated interface pointer, and Release is called to decrement the reference
count for the previously encapsulated pointer.

e operator=( NULL ) Sets a smart pointer to NULL. The NULL argument must
be a zero. :

e operator=(cp) Setsa smart pointer to be a copy of another instance of the same
smart pointer of the same type. AddRef is called to increment the reference count
for the encapsulated interface pointer, and Release is called to decrement the
reference count for the previously encapsulated pointer.

e operator=(varSrc) Sets a smart pointer to be a _variant_t object. The
encapsulated VARIANT must be of type VI_DISPATCH or VT_UNKNOWN,
or it can be converted to one of these two types. If QueryInterface fails with an
E_NOINTERFACE error, a NULL smart pointer results. Any other error causes
a _com_error 1o be raised.
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e operator=(p) Sets a smart pointer to be a different smart pointer of a different
type or a different raw interface pointer. QueryInterface is called to find an
interface pointer of this smart pointer’s type, and Release is called to decrement
the reference count for the previously encapsulated pointer. If QueryInterface
fails with an E_NOINTERFACE, a NULL smart pointer results. Any other error
causes a _com_error to be raised.

_com_ptr_t Relational Operators

Remarks

390

template<typename _InterfacePtr> bool operator==( _InterfacePtr p)
w throw( _com_error );

template<> bool operator==(Interface* p ) throw( _com_error );

template<> bool operator==( _com_ptr_t& p ) throw();

template<> bool operator==( int NULL ) throw( _com_error );

template<typename _InterfacePtr> bool operator!=( _InterfacePtr p )
o throw( _com_error );

template<> bool operator!=( Interface* p ) throw( _com_error );

template<> bool operator!=( _com_ptr_t& p ) throw( _com_error );

template<> bool operator!=(int NULL ) throw( _com_error );

template<typename _InterfacePtr> bool operator<( _InterfacePtr p )
«» throw( _com_error );

template<> bool operator<( Interface* p ) throw( _com_error );

template<> bool operator<( _com_ptr_t& p ) throw( _com_error );

template<> bool operator<( int NULL ) throw( _com_error );

template<typename _InterfacePtr> bool operator>( _InterfacePtr p )
< throw( _com_error );

template<> hool operator>( Interface* p ) throw();

template<> bool operator>( _com_ptr_t& p ) throw( _com_error );

template<> bool operator>( int NULL ) throw( _com_error );

template<typename _InterfacePtr> bool operator<=( _InterfacePtr p )
< throw( _com_error );

template<> bool operator<=( Interface* p ) throw( );

template<> bool operator<=( _com_ptr_t& p ) throw( _com_error );

template<> bool operator<=( int NULL ) throw( _com_error );

template<typename _InterfacePtr> bool operator>=( _InterfacePtr p )
< throw( _com_error );

template<> bool operator>=( Interface* p ) throw( _com_error );

template<> bool operator>=( _com_ptr_t& p ) throw( _com_error );

template<> bool operator>=( int NULL ) throw( _com_error );

Compares a smart pointer object to another smart pointer, raw interface pointer, or
NULL. Except for the NULL pointer tests, these operators first query both pointers
for IUnknown, and compare the results.
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_com_ptr_t Extractors

operator Interface*( ) const throw( );

operator Interface&( ) const throw( _com_error );
Interface& operator*( ) const throw( _com_error );
Interface™ operator->( ) const throw( _com_error );
Interface** operator&( ) throw( );

operator bool( ) const throw( );

Remarks

o operator Interface* Returns the encapsulated interface pointer, which may
be NULL.

o operator Interface& Returns a reference to the encapsulated interface pointer,
and issues an error if the pointer is NULL.

e operator* Allows a smart pointer object to act as though it were the actual
encapsulated interface when dereferenced.

e operator-> Allows a smart pointer object to act as though it were the actual
encapsulated interface when dereferenced.

e operator& Releases any encapsulated interface pointer, replacing it with NULL,
and returns the address of the encapsulated pointer. This allows the smart pointer
to be passed by address to a function which has an out parameter through which it
returns an interface pointer.

¢ operator bool Allows a smart pointer object to be used in a conditional
expression. This operator returns true if the pointer is not NULL.

Relational Function Templates

template<typename _InterfaceType> bool operator==( int NULL,

« _com_ptr_t<_InterfaceType>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePtr> bool operator==

« (_Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );
template<typename _Interface> bool operator!=( int NULL,

= _com_ptr_t<_Interface>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePtr> bool operator!=

« ( _Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );
template<typename _Interface> bool operator<( int NULL,

« _com_ptr_t<_Interface>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePtr> bool operator<

< (_Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );
template<typename _Interface> bool operator>( int NULL,

w _com_ntr t< Interface>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePtr> bool operator>

< ( _Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );
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template<typename _Interface> bool operator<=( int NULL,
= _com_ptr_t<_Interface>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePtr> bool operator<=
o ( _Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );
template<typename _Interface> bool operator>=( int NULL,
o _com_ptr_t<_Interface>& p ) throw( _com_error );
template<typename _Interface, typename _InterfacePir> bool operator>=
o ( _Interface* i, _com_ptr_t<_InterfacePtr>& p ) throw( _com_error );

Parameters
i araw interface pointer

p asmart pointer

Remarks
They are function templates which allow comparison with a smart pointer on the
right-hand side of the comparison operator. These are not member functions of
_com_ptr_t.

_bstr_t

A _bstr_t object encapsulates the BSTR data type. The class manages resource
allocation and deallocation, via function calls to SysAllocString and SysFreeString,
and other BSTR APIs when appropriate. The _bstr_t class uses reference counting to
avoid excessive overhead.

#include <comdef.h>

Construction

_bstr_t Constructs a _bstr_t object.

Operations '

copy Construuts a copy of the encapsulated BSTR.
Length Returns the length of the encapsulated BSTR.
Operators

operator = Assigns a new value to an existing _bstr_t object.
Operator += Appends characters to the end of the _bstr_t object.
Operator + Concatenates two strings.

Operator ! Checks if the encapsulated BSTR is a NULL string.
Operator ==, !=, <, >, <=, >= Compares two _bstr_t objects.

Operator wchar_t*, char* Extract the pointers to the encapsulated Unicode or

multibyte BSTR object.
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Member Functions
_bstr_t:: bstr t

_bstr_t() throw( );

_bstr_t( const _bstr_t& s/ ) throw();

_bstr_t( const char* s2 ) throw( _com_error );
_bstr_t( const wchar_t* s3 ) throw( _com_error );
_bstr_t( const _variant_t& var ) throw ( _com_error );
_bstr_t( BSTR bstr, bool fCopy ) throw ( _com_error );

Parameters
sl a_bstr_t object to be copied

s2 amultibyte string

53 aUnicode string

var a _variant_t object

bstr an existing BSTR object

fCopy if false, the bstr argument is attached to the new object without making a copy
by calling SysAllocString.

Remarks
Constructs a _bstr_t object.

e _bstr_t() Constructs a default _bstr_t object that encapsulates a NULL BSTR
object. :

e _bstr_t( _bstr_t& s/ ) Constructs a _bstr_t object as a copy of another. This is a
“shallow” copy, which increments the reference count of the encapsulated BSTR
object instead of creating a new one.

e _bstr_t( char* s2) Constructs a _bstr_t object by calling SysAllocString to
create a new BSTR object and encapsulate it. This constructor first performs a
multibyte to Unicode conversion.

e _bstr_t( wchar_t* s3) Constructs a _bstr_t object by calling SysAllocString to
create a new BSTR object and encapsulates it.

o _bstr_t( _variant_t& var) Constructs a _bstr_t object from a _variant_t object
by first retrieving a BSTR object from the encapsulated VARIANT object.

o _bstr_t( BSTR bstr, bool fCopy) Constructs a _bstr_t object from an existing
BSTR (as opposed to a wechar_t* string). If fCopy is false, the supplied BSTR is
attached to the new object without making a new copy via SysAllocString. This is
the method used by the wrapper functions in the type library headers to encapsulate
and take ownership of a BSTR, returned by an interface method, in a _bstr_t

object.
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_bstr_t::copy
BSTR copy( ) const throw(_com_error);

Remarks
Returns a newly allocated copy of the encapsulated BSTR object.

_bstr_t::length
unsigned int length () const throw();

Remarks
Returns the length of the encapsulated BSTR object.

Operators

_bstr_t::operator =

_bstr_t& operator=( const _bstr_t& s/ ) throw ();

_bstr_t& operator=( const char* s2 ) throw( _com_error );
_bstr_t& operator=( const wchar_t* s3 ) throw( _com_error );
_bstr_t& operator=( const _variant_t& var ) throw( _com_error );

Parameters
sl a_bstr_t object to be assigned to an existing _bstr_t object

s2 a multibyte string to be assigned to an existing _bstr_t object
s3 a Unicode string to be assigned to an existing _bstr_t object
var a _variant_t object to be assigned to an existing _bstr_t object

Remarks
Assigns a new value to an existing _bstr_t object.

_bstr_t::operator +=, +

_bstr_t& operator+=( const _bstr_t& s/ ) throw( _com_error );
_bstr_t operator+( const _bstr_t& s/ ) const throw( _com_error );
friend _bstr_t operator+( const char* s2, const _bstr_t& si);
friend _bstr_t operator+( const wchar_t* 53, const _bstr_t& s/ );

Parameters '
sl a_bstr_t object

s2 amultibyte string

s3 a Unicode string
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These operators perform string concatenation:

e operator+=(s/) Appends the characters in the encapsulated BSTR of s to the
end of this object’s encapsulated BSTR.

e operator+( s/ ) Returns the new _bstr_t which is formed by concatenating this
object’s BSTR with that of s1.

e operator+( s2, s/ ) Returns a new _bstr_t which is formed by concatenating a
multibyte string s2, converted to Unicode, with the BSTR encapsulated in s1.

e operator+(s3,s/) Returns a new _bstr_t which is formed by concatenating a
Unicode string s3 with the BSTR encapsulated in s1.

_bstr_t::operator !

Remarks

bool operator!( ) const throw( );

Checks if the encapsulated BSTR object is the NULL string. It returns true if yes,
false if not.

_bstr_t Relational Operators

Remarks

bool operator==( const _bstr_t& str) const throw( );
bool operator!=( const _bstr_t& st¢r ) const throw( );
bool operator<( const _bstr_t& str) const throw( );
bool operator>( const _bstr_t& str) const throw( );
bool operator<=( const _bstr_t& str ) const throw( );
bool operator>=( const _bstr_t& str) const throw( );

These operators compare two _bstr_t objects lexicographically. The operators return
true if the comparisons hold, otherwise return false.

_bstr_t::wchar t*, bstr_t::char*

Remarks

operator const wchar_t*( ) const throw( );
operator wchar_t*( ) const throw( );

operator const char*() const throw( _com_error );
operator char®( ) const throw( _com_error );

These operators can be used to extract raw pointers to the encapsulated Unicode or
multibyte BSTR object. The operators return the pointer to the actual internal buffer,
so the resulting string cannot be modified.
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_variant_t

A _variant_t object encapsulates the VARIANT data type. The class manages
resource allocation and deallocation, and makes function calls to VariantInit and
VariantClear as appropriate.

#include <comdef.h>

Construction

_variant_t Constructs a _variant_t object.

Operations

Attach Attaches a VARIANT object into the _variant_t object.

Clear Clears the encapsulated VARIANT object.

ChangeType Changes the type of the _variant_t object to the indicated VARTYPE.

Detach Detaches the encapsulated VARIANT object from this _variant_t
object.

SetString Assigns a string to this _variant_t object.

Operators

operator = Assigns a new value to an existing _variant_t object.

Operator ==, != Compare two _variant_t objects for equality or inequality.

Extractors Extract data from the encapsulated VARIANT object.

Member Functions

_variant_t::_variant_t

_variant_t( ) throw();

_variant_t( const VARIANT& varSrc ) throw( _com_error );
_variant_t( const VARIANT* pVarSrc ) throw( _com_error );
_variant_t( const _variant_t& var_t_Src ) throw(_com_error );
_variant_t( VARIANT& varSrc, bool fCopy ) throw( _com_error );
_variant_t( short sSrc, VARTYPE vtSrc = VT _I12 ) throw( _com_error );
_variant_t( long /Src, VARTYPE vtSrc = VT_14 ) throw( _com_error );
_variant_t( float fIzSrc ) throw( );

_variant_t( double dblSrc, VARTYPE viSrc = VT_RS8 ) throw( _com_error );
_variant_t( const CY& cySrc ) throw();

_variant_t( const _bstr_t& bstrSrc ) throw( _com_error );

_variant_t( const wchar_t *wstrSrc ) throw( _com_error );

_variant_t( const char* strSrc ) throw( _com_error );
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_variant_t( bool bSrc ) throw( );

_variant_t( IlUnknown* pIUknownSrc, bool fAddRef = true ) throw( );
_variant_t( IDispatch* pDispSrc, bool fAddRef = true ) throw( );
_variant_t( const DECIMALG& decSrc ) throw( );

_variant_t( BYTE bSrc ) throw( );

Parameters

Remarks

varSrc a VARIANT object to be copied into the new _variant_t object
pVarSrc pointer to a VARIANT object to be copied into the new _variant_t object
var_t_Src a_variant_t object to be copied into the new _variant_t object

fCopy if false, the supplied VARIANT object is attached to the new _variant_t
object without making a new copy by VariantCopy

ISrc, sSrc  an integer value to be copied into the new _variant_t object
vtSrc the VARTYPE for the new _variant_t object

fitSrc, dblSrc  a numerical value to be copied into the new _variant_t object
cySrc a CY object to be copied into the new _variant_t object

bstrSrc a _bstr_t object to be copied into the new _variant_t object

strSrc, wstrSrc  a string to be copied into the new _variant_t object

bSrc abool value to be copied into the new _variant_t object

plUknownSrc COM interface pointer to a VI_UNKNOWN object to be
encapsulated into the new _variant_t object

pDispSrc  COM interface pointer to a VT_DISPATCH object to be encapsulated
into the new _variant_t object

decSrc a DECIMAL value to be copied into the new _variant_t object

bSrc a BYTE value to be copied into the new _variant_t object

Constructs a _variant_t object.

o _variant_t() Constructs an empty _variant_t object, VT_EMPTY.

¢ _variant_t( VARIANT& varSrc) Constructs a _variant_t object from a copy
of the VARIANT object. The variant type is retained.

e _variant_t( VARIANT* pVarSrc) Constructs a _variant_t object from a copy

of the VARIANT object. The variant type is retained.

e _variant_t( _variant_t& var_t_Src) Constructs a _variant_t object from

another _variant_t object. The variant type is retained.

e _variant_t( VARIANT & varsSrc, bool fCopy ) Constructs a _variant_t object
from an existing VARIANT object. if jCopy is Taise, the VARIANT object is
attached to the new object without making a copy.
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o _variant_t( short sSrc, VARTYPE vtSrc = VI_12 ) Constructs a _variant_t

object of type VT _I2 or VT_BOOL from a short integer value. Any other
VARTYPE results in an E_INVALIDARG error.

_variant_t(long ISrc, VARTYPE vtSrc = VT_I4 ) Constructs a _variant_t
object of type VT_I4, VT_BOOL, or VT_ERROR from a long integer value.
Any other VARTYPE results in an E_INVALIDARG error.

_variant_t( float fItSrc ) Constructs a _variant_t object of type VT_R4 from a
float numerical value.

_variant_t( double dbilSrc, VARTYPE vtSrc = VT_R8) Constructs a _variant_t
object of type VI_RS8 or VT_DATE from a double numerical value. Any other
VARTYPE results in an E_INVALIDARG error.

_variant_t( CY& cySrc) Constructs a _variant_t object of type VI_CY from
a CY object.

_variant_t( _bstr_t& bstrSrc) Constructs a _variant_t object of type
VT_BSTR from a _bstr_t object. A new BSTR is allocated.

_variant_t( wchar_t *wstrSrc) Constructs a _variant_t object of type
VT_BSTR from a Unicode string. A new BSTR is allocated.

_variant_t( char* strSrc ) Constructs a _variant_t object of type VIT_BSTR
from a string. A new BSTR is allocated.

_variant_t( bool bSrc) Constructs a _variant_t object of type VI_BOOL from
a bool value.

_variant_t( IUnknown* pIUknownSrc, bool fAddRef = true ) Constructs a
_variant_t object of type VIT_UNKNOWN from a COM interface pointer. If
fAddRef is true, then AddRef is called on the supplied interface pointer to match
the call to Release that will occur when the _variant_t object is destroyed. It is
up to you to call Release on the supplied interface pointer. If fAddRef is false, this
constructor takes ownership of the supplied interface pointer; do not call Release
on the supplied interface pointer.

_variant_t( IDispatch* pDispSrc, bool fAddRef = true ) Constructs a _variant_t
object of type VT_DISPATCH from a COM interface pointer. If fAddRef is true,
then AddRef is called on the supplied interface pointer to match the call to Release
that will occur when the _variant_t object is destroyed. It is up to you to call
Release on the supplied interface pointer. If fAddRef is false, this constructor
takes ownership of the supplied interface pointer; do not call Release on the
supplied interface pointer.

_variant_t( DECIMAL& decSrc ) - Constructs a _variant_t object of type
VT_DECIMAL from a DECIMAL value.

_variant_t( BYTE bSrc) Constructs a _variant_t object of type VT__UII from
a BYTE value.
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_variant_t::Attach
void Attach( VARIANT& varSrc ) throw( _com_error );

Parameters
varSrc a VARIANT object to be attached to this _variant_t object

Remarks
Takes ownership of the VARIANT by encapsulating it. This member function releases
any existing encapsulated VARIANT, then copies the supplied VARIANT, and sets
its VARTYPE to VT_EMPTY to make sure its resources can only be released by the
_variant_t destructor.

_variant_t::Clear

void Clear( ) throw( _com_error );

Remarks :
Calls VariantClear on the encapsulated VARIANT object.

_variant_t::ChangeType

void ChangeType( VARTYPE vartype, const _variant_t* pSrc = NULL )
< throw( _com_error );

Parameters
vartype the VARTYPE for this _variant_t object

pSrc a pointer to the _variant_t object to be converted. If this value is NULL,
conversion is done in place.

Remarks
This member function converts a _variant_t object into the indicated VARTYPE.
If pSrc'is NULL, the conversion is done in place, otherwise this vanant t object
is copied from pSrc and then converted. :

_variant_t::Detach
VARIANT Detach( ) throw( _com_error );

Return Value
The encapsulated VARIANT.

Remarks
Extracts and returns the encapsulated VARIANT, then clears this _variant_t
object without destroying it. This member function removes the VARIANT from
Pm‘noqulahon and sets the VARTYPE of this _variant_t object to VT_EMPTY. Tt

is up to you to release the returned VARIANT by calling the VariantInit function.
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_variant_t::SetString
void SetString( const char* pSrc ) throw( _com_error );

Parameter
pSrc pointer to the multibyte character string

Remarks
Converts a multibyte character string to a Unicode BSTR object, and assigns it to
this _variant_t object.

Operators

_variant_t::operator =

_variant_t& operator=( const VARIANT& varSrc ) throw( _com_error );
_variant_t& operator=( const VARIANT* pVarSrc ) throw( _com_error );
_variant_t& operator=( const _variant_t& var_t_Src ) throw( _com_error );
_variant_t& operator=( short sSrc ) throw( _com_error );

_variant_t& operator=( long /Src ) throw( _com_error );

_variant_t& operator=( float fItSrc ) throw( _com_error );

_variant_t& operator=( double dblSrc ) throw( _com_error );
_variant_t& operator=( const CY& cySrc ) throw( _com_error );
_variant_t& operator=( const _bstr_t& bstrSrc ) throw( _com_error );
_variant_t& operator=( const wchar_t* wstrSrc ) throw( _com_error );
_variant_t& operator=( const char* strSrc ) throw( _com_error );
_variant_t& operator=( IDispatch* pDispSrc ) throw( _com_error );
_variant_t& operator=( bool 5Src ) throw( _com_error);

_variant_t& operator=( IUnknown* pSrc ) throw( _com_error );
_variant_t& operator=( const DECIMAL& decSrc ) throw( _com_error );
_variant_t& operator=( BYTE bSrc ) throw( _com_error );

Remarks
The operator assigns a new value to the _variant_t object:

e operator=( varSrc) Assigns an existing VARIANT to a _variant_t object.
o operator=( pVarSrc) Assigns an existing VARIANT to a _variant_t object.

e operator=( var_t_Src) Assigns an existing _variant_t object to a _variant_t
object.

o operator=( sSrc) Assigns a short integer value to a _variant_t object.
e operator=( ISrc) Assigns a long integer value to a _variant_t object.

e operator=( fItSrc) Assigns a float numerical value to a _variant_t object.

400



Appendix C Microsoft-Specific Compiler COM Support Classes

e operator=( dbiSrc) Assigns a double numerical value to a _variant_t object.

o operator=( cySrc) Assigns a CY object to a _variant_t object.

o operator=( bstrSrc) Assigns a BSTR object to a _variant_t object.

¢ operator=( wstrSrc) Assigns a Unicode string to a _variant_t object.

e operator=( strSrc) Assigns a multibyte string to a _variant_t object.

e operator=( bSrc) Assigns a bool value to a _variant_t object.

e operator=( pDispSrc) Assigns a VI_DISPATCH object to a _variant_t object.

. 0perétor=( plUnknownSrc) Assigns a VI_UNKNOWN object to a _variant_t
object.

e operator=( decSrc) Assigns a DECIMAL value to a _variant_t object.
e operator=( bSrc) Assigns a BYTE value to a _variant_t object.

_variant_t Relational Operators

bool operator==( const VARIANT & varSrc ) const throw( _com_error );
bool operator==( const VARIANT* pSrc ) const throw( _com_error );
bool operator!=( const VARIANT& varSrc ) const throw( _com_error );
bool operator!=( const VARTANT* pSrc ) const throw( _com_error );

Parameter
varSrc a VARIANT to be compared with the _variant_t object

pSrc pointer to the VARIANT to be compared with the _variant_t object

Remarks
Compares a _variant_t object with a VARIANT, testing for equality or inequality.
Returns true if comparison holds, false if not.

_variant_t Extractors

operator short( ) const throw( _com_error );
operator long( ) const throw( _com_error);
operator float( ) const throw( _com_error );
operator double( ) const throw( _com_error );
operator CY() const throw( _com_error );
operator bool( ) const throw( _com_error );
operator DECIMALC( ) const throw( _com_error );
operator BYTE() const throw( _com_error );
operator _bstr_t() const throw( _com_error );
operator IDispatch*( ) const throw( _com_error );
operator IUnknown*( ) const throw( _com_error );
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Remarks

402

Extracts raw data from an encapsulated VARIANT. If the VARTANT is not already
the proper type, VariantChangeType is used to attempt a conversion, and an error
is generated upon failure:

e operator short() Extracts a short integer value.

e operator long() Extracts a iong integer value.

e operator float() Extracts a float numerical value.

e operator double() Extracts a double integer value.

o operator CY() Extracts a CY object.

e operator bool() Extracts a bool value.

o operator DECIMAL() Extracts a DECIMAL value.

e operator BYTE() Extracts a BYTE value.

e operator _bstr_t() Extracts a string, which is encapsulated in a _bstr_t object.

o operator IDispatch*() Extracts a dispinterface pointer from an encapsulated
VARIANT. AddRef is called on the resulting pointer, so it is up to you to call
Release to free it.

¢ operator IUnknown*() Extracts a COM interface pointer from an encapsulated
VARIANT. AddRef is called on the resulting pointer, so it is up to you to call
Release to free it.
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Charts

This appendix contains the following charts:

ASCII Character Codes
ASCII Multilingual Codes
ANSI Character Codes
Key Codes

ASCII Character Codes Chart

The ASCII character code tables contain the decimal and hexadecimal values of the
extended ASCII (American Standards Committee for Information Interchange)
character set. The extended character set includes the ASCII character set and 128
other characters for graphics and line drawing, often called the “IBMe character set.”

ASCII Multilingual Codes Chart

There are a number of variants on the IBM character set, called “code pages.” Systems
sold in some European countries use the multilingual character set known as Code
Page 850, which contains fewer graphics symbols and more accented letters and
special characters.

ANSI Character Codes Chart

The ANSI character code chart lists the extended character set of most of the
programs used by Windows. The codes of the ANSI (American National Standards
Institute) character set from 32 through 126 are displayable characters from the ASCII
character set. The ANSI characters displayed as solid blocks are undefined characters
and may appear differently on output devices.

Key Codes Chart

Some keys, such as function keys, cursor keys, and ALT+KEY combinations, have no
ASCII code. When a key is pressed, a microprocessor within the keyboard generates

an “extended scan code” of two bytes. The first (low-order) byte contains the' ASCII

code, if any. The second (high-order) byte has the scan code—a unique code

.403



C++ Language Reference

geﬁerated by the keyboard when a key is either pressed or released. Because the.
extended scan code is more extensive than the standard ASCII code, programs can use
it to identify keys which do not have an ASCII code.

ASCII Character Codes Chart 1

Ctrl Dec Hex Char Code Dec Hex Char Dec Hex Char Dec Hex Char
@ | 0 |00 NUL | |32 [20 |sp 64 |40 |0 9 {60 |*
“A |1 o1 |@ |soH|[33 |21 [*® 65 |41 |A 9761 |[a&
B | 2 |02 |@ [sTx|]34 |22 [" 66 |42 |B 98|62 | b
ac | 3 {03 |w |ETX |35 |23 |# 67 143 |C 9 (63 |e
D | 4 |04 | |EOT | |36 (24 |G 68 |44 |D 100 |64 |d
*E | 5 |o5 |[& |ENQ| |37 [25 | 69 |45 |E 10165 |e
“F | 6 |06 |4 |ACK| |38 |26 |& 70 |46 |F 102 |66 |F
"G |7 |07 |* [BEL|]|39 |27 [* 71 |47 |G 103 |67 |g
a8 |os | |Bs 40 |28 € 72 |48 |H 104 |68 |h
A [ 9 |oo |o |HT 4 |29 ) 73 |40 |I 105|690 |1
A7 |10 |oA E LF 42 |28 |3% 74 |4a |J 106 | 6A | j
K |11 [oB | & |VT 43 |2B |+ 75 4B |K 107 |68 |k
AL |12 |oc | @ |FF 44 |2¢c |, 76 |4c |L 108 |[6C |1
M [13 |0D | P [CR 45 (2D [— 77 |4p |M 109 { 6D | M
W |14 |E | |sO 46 |2 |. 78 |48 |N 110 |6E |m
"0 |15 |OF | [SI 47 |2F |/ 79 t4F | 111 [6F |o
Ap 16 |10 (B |[SLE 48 |30 |8 80 |s0 |P 1m2 {7 {P
Q|17 {11 |4 [cs1 49 |31 {1 81 |51 |Q m |7 | g
"R |18 |12 | ¥ |DC2 50 |32 |2 82 (52 |R 114 |72 |[»
s 19 |13 |11 |DC3 51 (33 [3 83 |53 [S 115|173 |s
T |20 |14 |91 |Dca | |52 |34 |4 84 |54 |T 16 |74 |t
o2t |15 | & [NAK |53 |35 |5 85 {55 |U 17|75 |
AV (22 [16 | = |SYN 54 |36 |6 86 |56 (U 118 |76 | w
w23 |17 |¥ [ETB | |55 (37 |7 87 |57 W 119 |77 | w
Ax |24 {18 |1 |caN| |56 |38 |8 88 |58 |X 120 |78 | %
Ay |25 |19 |4 |EM 57 |39 |9 89 |59 |¥ 121 |79 |y
Az 126 |1A |+ |SIB 58 [3A |: 90 |5A |& 122 |74 | =
Al |27 |1B |& |EsC ||s59 [3B |: 91 |sB |L 123 |78 | {
N |28 |1C | [Fs 60 [3C |« 92 |5C |% 124 {7C |1 -
7 |2 |mD [& |GS 61 |3D |= 93 [sp |] 1257 |3}
m 130 |1IE |& |RS 62 |3 |[> 94 |SE |a 126 | 7E |~
A_ |31 |1IF |w® |US 63 |3F |7 95 |5F |wm 127 |7F | &t

1 ASCII code 127 has the code DEL. Under MS-DOS, this code has the same effect as ASCII 8 (BS).
The DEL code can be generated by the CTRL+BKSP key.
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~ ASCII Character Codes Chart 2
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ASCII Multilingual Codes Chart

0
16
2@
3 e
4 ¢
5d
K
PR
sl
990
10 [
14
129
13 ]
141
15 #%
16
17 4
16 %
19 11
209
218
2 -
233
41
51
26 -»
27
28
29
30
3

4 & % T *

32
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37
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105 i
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Mo
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13q
14y
15s
16t

17
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19y

120 %

21Y

122z

123{

124 |

1253

126~

1278

128 G
129 Ul
130 &
131 a
132 &
133 &
134 &
135 G
136 &
137
138 &
139 T
140
1M i
142 8
143 A
144 £
145 »
146 ff
147 &
148 0
148 O
150
151 0
152 i
153 O
154 ij
155 &
156 £
157 @&
158 %

159 f

160
161
162
163
164
165
166
167
168
169
170
M
172
173
174
175
176
177
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Indicates that this character is not supported by Windows.
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Indicates that this character is available only in TrueType fonts.
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Key Codes Chart 1
ASCIlor ASCIlor ASCIor
Scan ASCII or Extended? Extended} Extendedf
Key Code Extendedt with SHIFT with CTRL with AIT
Dec Hex | Dec Hex Char [ Dec Hex Char | Dec Hex Char | Dec Hex Char
ESC 1 0t 27 1B ESC| 27 1B ESC| 27 1B ‘ESC 1 01 NUL$§
1! 2 02 49 31 1 33 21 ! 120 78 NUL
2@ 3 03 50 32 2 64 40 @ 3 03 NUL |121 79 NUL
3# 4 04 51 33 3 35 23 # 122 7A NUL
4% 5 05 52 34 4 36 24 $ 123 7B NUL
5% 6 06 53 35 5 37 25 % 124 7C NUL
6A 7 07 54 36 6 94 SE A 30 1E RS 125 7D NUL
1& 8 08 55 37 7 38 26 & 126 7E NUL
8* 9 09 56 38 8 42 2A * 127 7F NUL
X 10 0A 57 39 9 40 28 ( 128 80 NUL
0) 11 OB 48 30 0 41 29 ) 129 81 NUL
- 12 0oC 45 2D - 95 SF _ 31 1F US 130 82 NUL
=+ 13 0D 61 3D = 43 2B + 131 83 NUL
BKSP 14 OE 8 08 8 08 127 7F 14 OE NUL§
TAB 15 OF 9 09 15 OF NUL | 148 94 NUL§| 15 AS NUL§
Q 16 10 | 113 71 q 81 51 Q 17 11 DC1 16 10 NUL
w 17 11 119 77 w 87 57 w 23 17 ETB 17 11 NUL
E 18 12 (101 65 e 69 45 E 5 05 ENQ | 18 12 NUL
R 19 13 (114 72 r 82 52 R 18 12 DC2 19 13 NUL
T 20 14 [116 74 t 84 54 T 20 14 SO 20 14 NUL
Y 21 15 121 79 b4 89 59 Y 25 19 EM 21 15 NUL
U 22 16 | 117 75 u 85 55 U 21 15 NAK| 22 16 NUL
1 23 17 | 105 69 i 73 49 I 9 09 TAB | 23 17 NUL
o} 24 18 | 111 6F o 79 4F o) 15 OF SI 24 18 NUL
P 25 19 {112 70 P 80 S0 P 16 10 DLE | 25 19 NUL
[{ 26 1A 91 5B [ (123 7B { 27 1B ESC 26 1A NUL$§
1} 27 1B 93 5D 1 125 7D } 29 1D GS 27 1B NUL$§
ENTER |28 IC 13 0D CR 13 0D CR 10 0A LF 28 1C NULS$§
ENTERE |28 1C 13 0D CR 13 0D CR 10 0A LF 166 A6 NUL$§
LCTRL |29 1D
RCTRLE |29 1D :
A 30 1E 97 61 a 65 41 A 1 01 SOH | 30 1E NUL
N 31 IF |15 73 8 83 53 s 19 13 DC3 31 1F NUL
D 3220 | 100 64 4a 68 44 D 4 04 EOT | 32 20 NUL
F 33 21 | 102 66 £ 70 46 F 6 06 ACK | 33 21 NUL
G 34 22 | 103 67 g 71 47 G 7 07 BEL 34 22 NUL
H 35 23 | 104 68 h 72 48 H 8 08 BS 35 23 NUL
J 36 24 | 106 6A 3 74 4A J |10 OA LF 36 24 NUL
K 37 25 | 107 6B k 75 4B K (11 0B VT 37 25 NUL
L 38 26 (108 6C 1 76 4C L |12 0C FF 38 26 NUL
3 39 27 59 3B ; 58 3A : 39 27 NUL$§
" 40 28 39 27 ! 3422 " 40 28 NUL$§
S~ 41 29 96 60 N 126 7E 41 29 NUL$§
LSHIFT |42 2A
\l 43 2B 92 5C \ 124 7C | 28 1C FS
z 44 2C (122 7A =z 90 5A z 26 1A SUB | 44 2C NUL
X 45 2D (120 78 x 88 58 X |24 18 CAN| 45 2D NUL
C 46 2E 99 63 c 67 43 ] 3 03 ETX | 46 2E NUL
\% 47 2F | 118 76 v 86 56 V |22 16 SYN| 47 2F NUL
B 48 30 98 62 b 66 42 B 2 02 STX | 48 30 NUL
N 49 31 (110 6E n 78 4E N 14 O0E SO 49 31 NUL
M 50 32 [109 6D m 77 4D M 13 0D CR 50 32 NUL
< 51 33 44 2C ’ 60 3C < 51 33 NUL$§
> 52 34 46 2E . 62 3E > 52 34 NUL$§




Key Codes Chart 2

ASCIlor ASCIlor ASCIlor
Scan ASCII or Extended Extendedt Extendedt
Key Code Extendedt with SHIFT with CTRL with AIT
Dec Hex | Dec Hex Char | Dec Hex Char | Dec Hex Char | Dec Hex Char
I 53 35 |47 2F / 63 3F ? 53 34 NUL§
GRAY/£ |53 35 |47 2F / 63 3F ? 149 95 NUL | 164 AS NUL
R SHIFT |54 36
*PRTSC |55 37 {42 2A « [PRTSC +t 16 10
LALT 56 38
RALTE |56 38
SPACE 57 39 |32 20 SPC 32 20 SPC 32 20 SPC 32 20 SPC
CAPS 58 3A
F1 59 3B [59 3B NUL| 8 54 NUL| 94 5E NUL | 104 68 NUL
F2 60 3C |60 3C NUL| 8 55 NUL| 95 S5F NUL|105 69 NUL
F3 61 3D |61 3D NUL| 8 56 NUL| 96 60 NUL | 106 6A NUL
F4 62 3E |62 3E NUL| 87 57 NUL| 97 61 NUL|107 6B NUL
F5 63 3F |63 3F NUL| 8 58 NUL| 98 62 NUL| 108 6C NUL
F6 64 40 |64 40 NUL| 8 59 NUL| 99 63 NUL| 109 6D NUL
F7 65 41 |65 41 NUL| 90 5A NUL| 100 64 NUL | 110 6E NUL
F8 66 42 |66 42 NUL| 91 5B NUL| 101 65 NUL| 111 6F NUL
F9 67 43 |67 43 NUL| 92 5C NUL| 102 66 NUL| 112 70 NUL
F10 68 44 |68 44 NUL| 93 5D NUL| 103 67 NUL| 113 71 NUL
Fl1£ 87 57 133 85 EO | 135 87 EO | 137 89 EO | 139 8B EO
F12£ 88 58 134 86 EO | 136 88 EO [ 138 8A EO | 140 8C EO
NUM 69 45
SCROLL |70 46 .
HOME 71 47 |71 47 NUL| 55 37 7 119 77 NUL
HOMEf |71 47 |71 47 EO 71 47 E0 | 119 77 EO [ 151 97 NUL
UP 72 48 |72 48 NUL| 56 38 8 141 8D NULS§
UPE 72 48 |72 48 EO0 72 48 EO | 141 8D EO [152 98 NUL
PGUP 73 49 |73 49 NUL| 57 39 9 132 84 NUL
PGUPE 73 49 |73 49 EO 73 49 EO | 132 84 EO | 153 99 NUL
GRAY- 74 4A 45 2D -
LEFT 75 4B 75 4B NUL 52 34 4 115 73 NUL
LEFTE 75 4B |75 4B EO 75 4B EO 115 73 E0 | 155 9B NUL
CENTER |76 4C 53 35 5
RIGHT 77 4D |77 4D NUL | 54 36 6 116 74 NUL
RIGHTL |77 4D |77 4D EO 77 4D EO 116 74 E0 | 157 9D NUL
GRAY+ (78 4E 43 2B +
END 79 4F |79 4F NUL | 49 31 1 117 75 NUL
END£ 79 4F |79 4F EO 79 4F EO 117 75 EO | 159 9F NUL
DOWN 80 S0 {8 50 NUL | 50 32 2 145 91 NULS$§
DOWNE (80 S0 [8 50 EO 80 50 EO | 145 91 E0 | 160 A0 NUL
PGDN 81 51 81 51 NUL | 51 33 3 118 76 NUL
PGDNE£ |81 51 81 51 EO 81 51 EO 118 76 EO [ 161 Al NUL
INS 82 52 (82 52 NUL | 48 30 0 146 92 NULS$§
INS£ 82 52 |8 352 EO 82 52 EO | 146 .92 E0O | 162 A2 NUL
DEL 83 53 |83 53 NUL | 46 2E . 147 93 NULS§
DEL£ 83 53 [83 53 EO 83 53 E0 | 147 93 EO | 163 A3 NUL

1 Extended codes return 0 (NUL) or EO (decimal 224) as the initial character. This is a signal that a second
(extended) code is available in the keystroke buffer.
§ These key combinations are only recognized on extended keyboards.
£ These keys are only available on extended keyboards. Most are in the Cursor/Control cluster. If the raw
scan code is read from the keyboard port (60h), it appears as two bytes (EOh) followed by the normal scan
code. However, when the keypad ENTER and / keys are read through the BIOS interrupt 16h, only EOh is
seen since the interrupt only gives one-byte scan codes.
1+ Under MS-DOS, SHIFT + PRTSC causes interrupt 5, which prints the screen unless an interrupt handler has
been defined to replace the default interrupt 5 handler.
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:: scope-resolution operator 24, 244

-> (member-selection operator) 347

-> member-selection operator 243

->* operator 204

([ D) array subscript operator 210

. member-selection operator 243

.* operator 204

[] (brackets), subscript operator 345

__ (double underscore), identifer naming 6
{ } (braces), __asm block delimiters 378
~ (tilde), specifying destructors 297

= (assignment operator) 344

A

abort function
described 35
immediate termination, effects 38
Abstract base classes, object declarations 241
Abstract classes, described 263, 274-275
Abstract declarators
arrays 208, 210-211
default arguments 220
described 194
function declarations 211
multidimensional arrays 209
pointers 195
pointers to members 203
references 198-199, 201
Access privileges 254
Access specifiers 280
Access to members
base classes 281
controlling 279-280
friends 283, 285-287
member-selection operator overloading 347
multiple-inheritance paths 288-289
private members 282
protected members 287
public members 282

Index

Access to members (continued)
specifiers 281-283
types of 279
virtual functions 288
Accessor functions, defined 234
Actual arguments
defined xvii
initializing 70
Acyclic graphs 299, 301
Addition operator
binary-operator expressions 90-92
overloading 343
Addresses, returning, overloaded functions 335-336
Address-of operator
overloading 340
unary-operator expressions 78-79
Aggregate types
described 224
initializing 225-226
Aggregate-initializer lists 225
Allocation of memory
failed, testing for 309-310
new operator 307-308
Ambiguities, multiple-inheritance class
names 267-270
Ambiguity resolution 195
AND operator, bitwise See Bitwise AND operator
AND operator, logical See Logical AND operator
Anonymous class types 166, 233-234
Anonymous structures 166
Anonymous types 164
Anonymous unions 250-251
argc argument, main function syntax 31
Argument declaration list 217
Argument expressions, default 219-220
Argument lists
in function declarations 217
in function prototypes 217
variable functicns with 221
Argument types, in overloaded functions 326

a1



Index

Arguments ASCII character codes 403 (continued)
actual multilingual
defined xvii chart 406
initializing 70 overview 403
command-line __asm keyword, invoking inline assembler 377-378
handling, _setargv function 32 Assembler, inline See Inline assembler
parsing 33-34 Assignment operator, overloading 343
syntax 31 Assignment operators
conversions, overloaded functions 331-333 binary-operator expressions 98—100
default copying class objects 321-322, 324
. declarators 220 overloading 344
overview 72 (table) 98
default, declarators 218 Assignment, copying objects 320-324
defined xvii Associativity, operators 7, 77
ellipses as 213 Asterisk (*), indirection operator 211
ellipsis notation 72 ' atexit function, described 37
formal auto keyword
defined xvii declaration statements 139-140
initializing 70 : declarations, used in 153
scope 26 described 38
function, name scope 277 Automatic storage class
handling, _setargv function 34 declaration statements 139-140
matching, overloaded functions 329-332, 334-335 specifiers 153
types, treatment of 72 Automatic storage classes described 38
variable number 73
variable, lists 213 B
argv argument, main function syntax 32
Arithmetic conversions, described 59-60 Base classes
Array pointers, conversion 63 access specifiers 281-283
Array subscript operators 210 conversion 63
Arrays declaring 258
character, initializing 227 , defined 257
constructors 296 described 263
declarators 208-211, 217 initializing 317-320
declarators, in expressions 210 ' mem'ber access (table) 281
initializing 316-317 multiple
ordering of C++ 211 described 264-266
type wchar_t 16 name ambiguities 267-270
types 44 nonvirtual, destructors 299
types, indirection on 211 pointers to
unsized, declaring in members 241 conversion 61, 63
ASCII character codes 403 members 64
Chart 1 404 virtual, described 265-266
Chart 2 405 virtual functions, described 270-273
displayable and undefined characters 403 Based addressing 366
extended scan code 403 __based keyword, described 366-367
key codes 403 Based pointers .
Chart 1 409 based on pointers 366
Chart 2 407 described 366-367
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Binary operators
additive 90-92
assignment 98-100
bitwise AND 95
bitwise exclusive OR 95
bitwise inclusive OR 95
bitwise shift 92
comma 101
equality 93-95
(list)y 88-89
logical AND 96-97
logical OR 97
multiplicative 89-90
overloading 343-345, 347
relational 93-95
Bit fields
described 252
described, syntax 251
ordering of data 252
restrictions on use 253
Bitwise AND operator
binary-operator expressions 95
overloading 343
Bitwise complement operator, unary-operator
expressions 80
Bitwise exclusive OR operator, binary-operator
expressions 95
Bitwise inclusive operator, overloading 343
Bitwise inclusive OR operator, binary-operator
expressions 95

Bitwise shift operators, binary-operator expressions 92

Block scope, linkage rules 27

Blocks defined 129

brackets ([]), subscript operator 345
break statements, using 132-133, 137
_bstr_t class 392-395

C

C++
file translation order 1-2
keywords (list) 6
manual, overview xv
Calling conventions
linkage specification effects 170-171
modifiers 367
case statements, using labels with 127, 130-133
catch statement 143, 146
char type 42-43

Index

Character arrays, initializing 227-228
Character codes, ASCII See ASCII character codes
Character constants

described 11-12, 14

“escape sequences 13

NULL (\0) 16
wchar_t type 12
wide character 13

Charts, overview 403

Class declarations, friends, defining in 287
class keyword 25, 232

Class members See Members

Class names

declaring and accessing 236
declaring class members 232
declaring types 236

Class scope

described 22

friend functions 238
linkage rules 27

summary of rules 275-277
type names in 256

Class types

anonymous 233-234

anonymous unions 251

classes, user-defined, described 231
declaring 139, 232

defining 232-234

differences among 232

overview 231

typedef, use of 160

union member data 250

unions 248-249

Classes

abstract, described 263, 274-275
anonymous 166
base See Base classes
composed, defined 297
conversion 63
declaring with dllimport/dllexport 375
declaring without definition 237
defining 232, 234
derived
multiple inheritance 262, 264-270, 288289
single inheritance 258-260, 262
syntax 257
virtual functions 262
described 49
empty, declaring 235
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Index

M4

Classes (continued)

friends, declaring as 285-286

grammar summary 361

member functions 242

members See Members

names

hiding 25
using typedef 237

nested 165, 232, 253-255

overview 231

pointers to, conversion 61, 63

reference conversion 63

storage See Storage classes
class-keys, nondefining declarations 237
Class-specifiers, use described 232
Class-type objects 234-235
_com_error class 379-384
COM support classes, Microsoft-specific 379-402
Comma operator

binary-operator expressions 101

overloading 343
Command-line arguments

See also Arguments

parsing 33-34

passing to main function 31

syntax 31

wildcards 32
Command-line arguments See Arguments
Command-line options, CL

/G(n) (specifying processor-specific instructions) 12

/Gf (enable string pooling) 16
/vd (enable/suppress vtordisp members) 266
/vmg (specifying inheritance type) 206
Comments 3
Compatibility, operands 112-113

Complement operator See One’s complement operator

Composed classes, construction 297
composed derivative types 48
Compound statements 129
_com_ptr_t class 384-392
Concatenation, string literals 16
Conditional compilation, detecting C++
compilation 171

Conditional operator, expressions 102
const 246
const keyword

pointers, effect on 196

used with this pointer 246
const objects, initializing pointers to 224

Constant expressions
conversion 64
described 103
Constants
character 11-14
decimal 11
described 9
enumerators See Enumerators
floating-point
described 14
limits (table) 52
syntax 14
types 15
hexadecimal 11
integer 10-11
integral limits (table) 51
long integers 11
NULL character 16
octal 11
string literals
concatenation 16
defined 15-17
escape sequences 17
types 15
unsigned integers, described 11
Construction, order 297
Constructors
array, default constructor 296
calling virtual functions 295
conversion, described 303-305
copy 293-294
declaring 293-294, 296
default 294, 296
described 303
explicitly calling 294
initialization 295
initializers 277
initializing use 227
tasks performed by 292-293

Constructs, used with pointers to members (table) 46

continue statements, using 137-138
Controlling access to members 279-280
Conversion constructors 303-305
Conversion functions

declaring 307

described 306

syntax 305



Conversions
ambiguities 269-270
arithmetic, described 59-60
" base classes 63
by constructors, defined 303
class types 302-303
described 55
enumerators 170
explicit type 103, 105-107
floating and integral conversions 58
floating conversions 58-59
forward-reference class type 107
integral conversions 57-58
integral promotions 56, 59
integral types 57
l-value results 56
pointers 60-61, 63-64, 106
references 63
to reference types 107
trivial 332
usual arithmetic 60
Copy constructors 293-294
Copying objects 320-324

D

Data members, static 247-248
Data ordering, bit fields 252
Data storage, class-member 241
Deallocating memory, delete operator 312-314
Decimal constants 11
Declaration statements
automatic objects 139-140
control transfer 140
described 126, 139-143
initializers in blocks 140
static object declaration 141-142
Declarations
See also Declarators; Definitions
ambiguity resolution 195
argument declaration list 217
arrays, unsized, in members 241
auto keyword 153
class types 232
classes
See also Class declarations
friends, defining in 287
nested 253-254
constructors 293-294, 296

Declarations (continued)
conversion functions 307
default argument expressions 219-220
definitions 151
derived classes 257
described 20-21, 151
destructors 298

dllexport extended storage-class attribute 373
dilimport extended storage-class attribute 373

empty classes 235

enumeration 166-170

explicit instantiation 177

explicit qualification 190

friends 240, 286-287

functions, variable argument lists 213
grammar summary 355

initializers, use 200

linkage specifications 170-172

matching, overloaded functions 327, 329

members

abstract base classes 241

storage class 239
namespace alias 182
namespace definition 181
namespace members 182
namespaces 178-179
nested classes 255
point of declaration 23
prototypes 151
register keyword 153
specifiers

described 152

friend 162

function 154-155

storage-class 153

type 162-163, 165
static, linkage 27
syntax 151
template specifications 173
type 162
typedef 27, 50, 158-161
unnamed namespaces 180
used as definitions 152
uses (list) 151
using directive 187
using the class-key 237
using 183-187

Index
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Declarators
abstract
default arguments 220
described 194
pointers 195
references 198-199
aggregate-initializer lists 225
argument lists in function prototypes 217
array types, indirection 211
arrays 208
arrays in expressions 210
arrays, ordering of C++ 211
arrays, using 210
default arguments 218
described 191-193
function declarations See Function declarations
function overloading 214
grammar summary 359
initializers 223
initializing character arrays 227
interpretation of subscript operator 211
multidimentional arrays 209
overview 191
parentheses, use 193
pointers to members 203-206, 208
references to pointers 201
reference-type function
arguments 198
returns 199
restrictions on functions 216
syntax generally 192
type name use 193-195
typedef keyword 193
void keyword 213
Declaring, class names 236
__declspec keyword, described 367
Decorated names, restrictions on length 5
Decrement operator
overloading 340, 342
postfix expressions 76-77
prefix expressions 80-81
Default arguments, declarators 218, 220
Default constructor, defined 296
default statements, label restrictions 127, 130-133
Definitions
See also Declarations
declarations 151
described 21
dllexport extended storage-class attribute 373

Definitions (continued)
dllimport extended storage-class attribute 373
function 220-221
delete operator
memory deallocation 312-314
unary-operator expressions 87-88
using 298
Derived classes
abstract 263, 274-275
construction of 296
multiple-inheritance
access control 288-289
base classes 264-266
described 262
name ambiguities 267-270
overview 257
pointers to members 64
scope 275-277
single-inheritance 258-260, 262
syntax 257
virtual functions 262, 270-273
Derived types 44
classes 48
directly derived 44, 46-48
structures 49
unions 49
Destruction
automatic objects 140
static objects 143
Destructors
calling 301
declaring 298
defined 297
nonvirtual base classes 299
order of destruction 297, 299-301
using 298-299
virtual base classes 299
Directives, conditional compilation, uses for 171
Division operator
binary-operator expressions 8§9-90
overloading 343
dllexport
classes 376
extended storage-class attribute
class declarations 375
defined with inline functions 374
described 372, 377
selective member import/export 376
inheritance and exportable classes 376



dllimport
classes 376
extended storage-class attribute
class declarations 375
defined with inline functions 374
described 372,377
selective member import/export 376
inheritance and exportable classes 376
DLLs (Dynamic-link libraries) See dllimport extended
storage-class attribute; dllexport storage-class
attribute
do/while statements
syntax 133
using 133-135
Dominance, object names 269
double type
floating-point constants 14
size of 43
Dynamic allocation
failed, testing for 309-310
freeing memory, delete operator 312-314
new operator 307-308
Dynamic-link libraries (DLLs) See dllimport extended
storage-class attribute; dllexport storage-class
attribute

E

elaborated-type-specifiers 237
Ellipses (...)

as argument 213

functions requiring variable argument lists 221
else statements, syntax 129-130
Empty classes, declaring 235
enum keyword 166
Enumerators

declared when 23

declaring 23

defining constants 169

described 166-169

integral promotion 170

linkage 27-28

names 166, 169
Environment-processing, _setenvp function 34
envp argument, main function syntax 32
Epilog/prolog code See naked extended storage-class

ailribule

Index

Equality operators
binary-operator expressions 93-95
overloading 343
equals sign (=), assignment operator 344
Escape sequences
described 13
(list) 13
strings 17
Evaluation order
expressions 110-111
operators 7
Exception handling, C++ 143-144, 146
Exclusive OR operator, overloading 343
Exclusive OR operator, bitwise See Bitwise exclusive
OR operator
Execution character set 11
exit function 35-36
Exit processing, atexit function 37
exit statements 35
Exiting programs, ways of 35
Explicit instantiation 177
explicit qualifiers 190
Explicit type conversions
described 105-107
expressions with, described 103
operator 103, 105
Exponents, floating-point constants 14
Expression statements, described 128
Expressions
argument, default 219-220
binary-operator
additive operators 90-92
assignment operators 98—100
bitwise 95
bitwise shift operators 92
comma 101
described 88-89
equality operators 93-95
. logical operators 96-97
multiplicative operators 89-90
relational operators 93-95
categories (list) 65-66
conditional-operator 102
constant 103
conversion 63-64
defined 65
evaluation order 110-111
explicit instantiation 177
explicit-type-conversion 103, 105-107
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Expressions (continued) Extractors

function templates 176 _com_ptr_t class 391
grammar summary 350 _variant_t class 401
gray expressions 112
member function templates 176 F
notation 112~113 ‘
null pointer 107 __far keyword, used with this pointer 246
pointer types 106 File scope
pointer-to-member-operator 107—109 described 22
postfix linkage rules 27
described 68—69 names, hiQing 24
function-call operator 70 Files, translation order 1-2
increment and decrement operators 76 float type, size of 43
member-selection operator 75 FLOATH 51
subscript operator 69 FLOAT.H include file, floating limits 52
syntax 69 ~ Floating and integral conversions, floating to
primary 66-68 floating 58
sequence points 111-112 Floating conversions 58—59
unary-operator Floating tyPes
address-of operator 78—79 conversion 58-59

described 41-42

bitwise complement 80
limits, FLOAT.H include file 52

bitwise complement operator 80

decrement operator 80-81 Floating-point constants 14-15
delete operator 87-88 , for statements

described 77 syptax 133

increment operator 80-81 using 133, 135-136
indirection operator 78 ' Formal arguments

logical NOT operator 80 defined xvii
new operator 83-87 initializing 70

one’s complement operator 80 scope 26 _
sizeof operator 82-83 Forward-reference class type conversion 107

unary negation operator 79—-80 friend declarations 240

unary plus operator 79 friend functions
Extended scan code 403 FlaSS members 242
Extended storage-class attributes in class declarations 238
__declspec keyword 367 linkage 27
described 367 nested classes 255
dllexport 372, 377 _using 283
dllimport 372,377 friend keyword
naked 370, 372 access to friends 285
syntax 367 using 283
thread 368 friend specifier 162
extern keyword Friends
declarations, used in 141, 153-154 access rules 282-283, 285
linkage specification 171-172 declaring 285-287
storage class 39 defining in class declarations 287
External linkage, described 26 Function arguments, name scope 277

External variables 39

418



Function declarations 211
argument declaration list 217
argument lists in 217
default arguments 218
function overloading 214
no arguments 213
syntax 212
variable argument lists 213

Function definitions, described 220

Function names, declarations 139

Function parameters, linkage 28

Function scope 22

Function specifiers, inline 154-155

Function templates 176

Function-call operator
overloading 345
postfix expressions 70-75

Functions
See also member functions
abort 35
accessor 234
atexit 37
calling C functions 29
conversion 305-307
exit 35-36
friend

class declarations 238
class members 242

nested 256
inline 154-156, 158
main 30

member function templates 176
operator delete 312-314
operator new 307-308, 327
overloading, overview 325
pointers to functions 44
prototypes 151
recursive 155
restrictions on 216
_set_new_handler 309-310
_setargv 32,34
_setenvp 34
type conversion 63
types 44
virtual
abstract classes 263
accessing 288
declaring 158

Index

Functions (continued)
virtual (continued)
defined 270
described 262,271-273
with variable argument lists: 221
wmain 30
Fundamental types
conversions See Conversions
described 41-43
storage required 43

G

/G(n) command-line option, CL 12
/Gf command-line option, CL 16
Global objects 276
goto statements

labels, using with 126-127

transfer of control 139
Grammar summary 349
Graphs

acyclic 301

inheritance 299, 301
Gray expressions 112
Greater than operator, overloading 343
Greater-than operators, binary-operator

expressions 93-95

H

Handlers, setting 309-310
Hexadecimal constants 11
Hiding

class names 25

names with file scope 24
Hiding names 24

Identifiers
case sensitivity 5
class names 232
described 4
keywords (list) 6
length restrictions 5
Microsoft-specific 6
naming §
scope of 25
syntax 5

if statements, syntax 129-130
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Include (.H) files
FLOATH 52
LIMITS.H 51
Inclusive OR operator, bitwise See Bitwise inclusive
OR operator
Incomplete types, initializing 226
Increment operator
overloading 340, 342
postfix expressions 76-77
prefix expressions 80-81
Indirection operator 78, 211
inequality operators, overloading 343
Inheritance
base-class accessibility 61
construction order 296
multiple
access control 288-289
base classes 264-266
described 262
name ambiguities 267-270
single 258--260, 262
unions 249
using to represent pointers to members 206, 208
Inheritance and exportable classes 376
Inheritance graphs 300-301
Initialization
aggregate types 225-226
arrays 316-317
automatic objects 139
bases and members 317-320
calling constructors 295
character arrays 227
constructors 277
copying objects 320-324
explicit 315
local variables 39
new operator, objects allocated with 85
objects
from free store 316
using copy constructors 234-235
order of execution 36
pointers to const objects 224
references 228
special member functions, using 314-316
static members 224
static objects 141, 143,317
uninitialized objects 224
initializer-lists 209

Initializers
declarators 223
declarators, syntax 223
in blocks 140
and unions 227
Initializing
aggregates 224
incomplete types 226
using constructors 227
Inline assembler, using 378
Inline class member functions 155
Inline expansion, controlling 154
Inline functions 154
compared to macros 156
defined with dllexport 374
defined with dllimport 374
defining 243
described 155-156, 158
linkage 155
scope 27
using 157
inline keyword 154-155
inline specifier 155
inline_depth pragma directive 155
inline_recursion pragma directive 155
Inlining 154
Instances, defined 19
Instantiate, defined 155
Instantiation, explicit 177
Insufficient memory, testing for 309-310
int type, size of 43
Integer constants 10-11
Integer types, sized 43
Integral conversions
constant expressions 64
floating to integral 59
integral to floating 59
signed to unsigned 57
standard 58
types 57
unsigned to signed 57-58
Integral promotions
described 56
enumerators 170
value-preserving 56
Integral types
conversion 57-59
described 41-42
limits, LIMITS.H include file 51



Internal linkage, described 26
Iteration statements 133

K

Keywords
grammar summary 349
(list) 6
Microsoft-specific 6, 363
Microsoft-specific (list) 6

L

Labeled statements 126—127
Labels, case statements, using with 126-127
Late binding, defined 293
Left shift operator
binary-operator expressions 92
overloading 343
Less than operator
binary-operator expressions 93-95
overloading 343
Lexical, elements described 1
Lifetime
new operator, object allocated with 84
scope See Scope '
LIMITS.H 51
Linkage
described 26
enumerators 27
external, described 26
internal, described 26
modules in different languages 170
no linkage 26 :
non-C++ functions 29
program and 26
rules 27,28
specifications, extern 172
static member functions 247
typedef declarations 27
types 26
Linkage specification
calling conventions, effect on 170-171
defined 170
effects of 172
extern 171
Linkage-specification, extern 29
Literals See Constants
Local scope 22
__LOCAL_SIZE predefined macro 372

Local variables, initialization 39

Logical AND operator
binary-operator expressions 96-97
overloading 343

Logical NOT operator
overloading 340
unary-operator expressions 80

Logical OR operator
binary-operator expressions 97
overloading 343

long double type
floating-point constants 15
size of 43

long type, size of 43

L-values
conversion results 56
defined 50-51

Macros, compared to inline functions 156
main function

described 30, 34

initialization considerations - 36

restrictions 34

using wmain instead 31
Mantissas floating-point constants, defined 14
Member access in base class (table) 281

Index

Member arrays, unsized, declaring in members 241

Member data, unions 249
Member functions
_bstr_t 393-394
_com_error 380-383
_com_ptr_t 385-389
declarations 244
defined 242
described 242-243
friends, declaring as 285-286
in nested classes 254
initializers, scope of 320
initializing arrays 316-317
initializing bases and members 317-319
initializing static objects 317
inline 243
nonstatic
See also Nonstatic members
described 244-245
overloading 331
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Member functions (continued)
nonstatic (continued)
this argument 244
this pointer 245
overloading See overloading
special
initialization using 314-316
(list) 291
static
See also Static members
described 246
overloading 331
templates 176
this pointer 245-246
unions, in 249
_variant_t 396-400
Member-access control (table) 279
Member-selection operator, postfix expressions 75-76
member-selection operator (.) 243
Member-selection operators
argument matching 331
class scope 22
overloading 343, 347
specifying names 276
Members
See also Data members; Member functions
access See Access
bit fields 251
categories (list) 238
data storage 241
declaration
abstract base classes 241
storage class 239
defined 232
described 238
initializing 317, 319-320
initializing declarators 239
naming restrictions 241-242
pointers to
conversion 63-64
declarators 203
described 46, 61
restrictions 204
protected, accessing 287
static, initializing 224
Memory allocation
failed, testing for 309-310
new operator 307-308
Memory deallocation, delete operator 312-314

422

Memory handlers, setting 309-310
Microsoft-specific compiler COM support
classes 379-402
miltilingual character codes 403
Modifiers
__based keyword 366-367
calling and naming convention 367
__declspec keyword See Extended storage-class
attributes
grammar summary 363
(list) 365
__near keyword 365
Modulus operator
binary-operator expressions 89-90
overloading 343
Multiple inheritance
access control 288-289
base classes 264-266
described 262
names 267-270
Multiplication operator
binary-operator expressions 8§9-90
overloading 343

Multi-threaded processes, programs See thread attribute

N

naked extended storage-class attribute 370, 372
Naked functions 372
Name decoration, linkage specification 170
Name scope, function arguments 277
Name spaces, typedef declarations 161
Names
ambiguity 267-270, 276
classes
hiding 25
use described 236-237
dominance 269
enumerators 169
external, linkage 27
global 276
hiding 24
linkage rules 27-28
members, restrictions 242
multiple-inheritance ambiguities 267-270
primary expressions 67
qualified names
scope rules 276-277
syntax 68



Names (continued)

simple type 162

static keyword 154

typedef 161

typedef, reclarations 160

types See Types

without storage-class specifiers 154
namespace alias 182
namespace declaration 179
namespace definition 181
namespace members 182
Namespaces, global 178
Naming conventions, modifiers 367
Negation operator, unary

overloading 340

unary-operator expressions 79-80
Nested classes 231, 236, 254-255
Nested types 164
Nesting, classes 165, 253-254
new operator

dynamic allocation 307-308

unary-operator expressions 83-87
non-C++ functions, linkage 29
Nonredefinable operators 338
Nonstatic member functions 243-245
NOT operator, logical See Logical NOT operator
Notation in expressions 112~113
NULL character constant (\0") 16
Null pointers, conversion 60, 64, 107
Null statements, described 128
Numerical limits 51-52

0]

Object construction 296-297
Object names, declarations 139
Object types, described 41
Objects
arrays of 44
class-type 234-235
copying 320-324
declaring
automatic 139-140
static 141-142
destructors, using 297-299
global 276
initialization, using copy constructors 234-235
initializing 224
order of destruction 299-301

Objects (continued)
passing by reference 44-46
static, initializing 317
temporary 301-302
type conversions 302-303
Octal constants 11
One’s complement operator
overloading 340
unary-operator expressions 80
Operands
See also Operators
compatibility with operators 112-113
conversions 59-60
operator delete function 312-314
operator new function 307-308, 327
operator= operator 321-323
Operators
addition 343
additive 90-92
address-of 78-79, 340
array subscript 210
assignment 98-100, 321-323, 343-344
associativity 7
binary
additive 90-92
assignment 98-100
bitwise AND 95
bitwise inclusive OR 95
bitwise shift 92
comma 101
equality 93-95
(list) 88-89
logical AND 96-97
logical OR 97
multiplicative 89-90
overloading 343-345, 347
relational 93-95
bitwise AND 95, 343
bitwise exclusive OR 96
bitwise inclusive 343
bitwise inclusive OR 96
bitwise shift 92
_bstr_t 394
comma 101, 343
_com_error 384
_com_ptr_t 389-392
conditional 102
decrement 76, 80, 340, 342
delete 87,298, 312-314

Index
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Operators (continued)
described 7
division 89, 343
equality 95, 343
evaluation order 7
exclusive OR 343
explicit type conversion 103, 105
function-call 70, 345
greater than 343
greater-than 93
increment 76, 80, 340, 342
indirection 211
inequality 343
left shift 343
left-shift 92
less than 343
less-than 93
logical AND 96, 343
logical negation operator 340
logical NOT 80
logical OR 97, 343
member-selection 22, 75, 276, 331, 343, 347
modulus 89, 343
multiplication 343
multiplicative 89
new 83, 298, 307-308
operand compatibility 112-113
operator= 321-324
overloading
assignment 344
binary 343-344
described 336
function-call 345
(list) 338
member-selection 347
nonredefinable 338
overview 65, 325
redefinable (list) 336
rules 338-339 ’
subscript 345, 347
unary 340
pointer dereference 340
pointer-to-member 107-109, 204, 331, 343
postfix
decrement 76-77
described 68-69
function-call 70-75
increment 76-77

Operators (continued)

postfix (continued)
member-selection 75-76
subscript 69-70
precedence (list) 7
redefining 336
relational 93
right shift 343
right-shift 92
scope resolution 165, 259, 276
scope-resolution 24, 244
sizeof 82,241
subscript 69, 211, 345, 347
subtraction 90, 343
syntax 7
unary
address-of 78-79
associativity 77
bitwise complement 80
decrement 80-81
delete 87-88
increment 80-81
indirection 78
(listy 77
logical NOT 80
new 83-87
one’s complement 80
overloading 340
sizeof 82-83
unary negation 79-80
unary plus 79
unary negation 340
unary plus 340
used with pointer-to-member (table) 46
_variant_t 400-402

OR operators

bitwise exclusive See Bitwise exclusive OR
operator

bitwise inclusive See Bitwise inclusive OR operator

logical See Logical OR operator

Order of evaluation 110-111
Overloaded function 214
Overloading

functions
address return 335-336
argument conversions 332
argument matching 329-331, 334-335
argument type differentiation 326
declaration matching 327



Overloading (continued)

functions (continued)
nonstatic 331
operator new 327
restrictions 326-327
scope issues 327, 329
static 331

operators
assignment 344
binary 343-344
described 336
function-call 345
(list) 338
member-selection 347
nonredefinable 338
overview 65
redefinable 336
rules 338-339
subscript 345, 347
unary 340

overview 325

typedef declaration 327

P

pack pragma directive 241
Parameters See Arguments
Parentheses ()

declarators 193

function-call operator 345
Parsing

arguments 34

command-line arguments 33-34

tokens, described 2-3
Passing objects, by reference to functions 44-46
Plus operator, unary

overloading 340

unary-operator expressions 79
Point of declaration, defined 23
Pointer conversions

array expressions 63

const and volatile types 63

null pointers 64

pointers to base-class members 64

pointers to base-class members, conversion 64

to classes 61, 63

to functions 61

to null pointers 60

Pointer conversions (continued)

to objects 61
to type void 61

Pointer dereference operator, overloading 340
Pointers

based 366-367

const keyword, effect 196

conversions 60
converting types 106
declarators, syntax 195
null pointer 107

references to, declaring 201

smart

_com_ptr_t object 384

described 347
this

Index

argument matching, overloaded functions 331

type of 245
using 245-246

to const objects, initializing 224

to members 205-206

to members, restrictions 204

volatile keyword, effect 196

Pointers to const objects, initializing 224
Pointers to functions, types 44

Pointers to members

declarators 46, 203

representing, using inheritance 208
pointer-to-member conversions 64
Pointer-to-member conversions, constant

expressions 64

Pointer-to-member operators
‘expressions with 107-109
operators and constructs 46

overloading 343
this pointer 331

Polymorphism, late binding 293
Postfix expressions, described 68-69
Postfix operators

decrement 76-77
function-call 70-75
increment 76-77

member-selection 75-76

subscript 69-70
(table) 68

Pragma directives

inline_depth 155
inline_recursion 155
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Pragma directives (continued)
pack 241
vtordisp 266
Precedence, operators 7
Preprocessing, defined 1
Preprocessor directives, grammar summary 363
Primary expressions
described 66-67
names 67
qualified names 68
Private members, access 270, 281-282
PROG.CPP 160
Programs
defined 26
file translation order 1-2
fundamental elements 1
lexical elements (list) 1
startup code
initialization considerations 36
main and wmain functions 30
main function 34
termination 35-36

Prolog/epilog code See naked extended-storage class

attribute

Promotions, integral 56
Protected members

access 279

accessing 281, 287
Prototypes, defined 151
Public members access 279, 281282
Punctuators 7
pure-specifiers 240

Q

Qualification, explicit 190

Qualiﬁed names

scope rules 276-277
syntax 68

R

Recursive functions 155
Redeclaration of typedef names 160
Redefining operators See Overloading, operators
Reference, conversion 63
References
declarators 198-199
initializing 228

References (continued)

passing to functions 198

to objects 44-46
Reference-type function returns 199

Reference types, conversions 107

Referencing templates 175
register keyword, declarations, used in 39,
139-140, 153
register variables described 39
Relational operators _
binary-operator expressions 93-95
- _bstr_t 395
_com_ptr_t class 390
_variant_t 401
return statements
terminating programs 35-36
using 138
Return type conversion 63
Right shift operator
operator, binary-operator expressions 92
overloading 343
R-values, defined 50-51

S

Scope
block, linkage rules 27
classes
constructor initializer 277
described 22
linkage rules 27
qualified names 276
~ search order 277
type names in 256
file 22,27
formal arguments to functions 26
friend functions and nested classes 255
function 22
hiding class names 25
hiding names 24
local 22
overloading 327, 329
static member functions 246
summary of rules 275-277
Scope resolution operator 165, 259, 276
Scope resolution, search order 276-277
Search order, scope resolution 276
Selection statements 129-133



Selective member import/export,
dllimport/dllexport 376
Sequence points, expressions 111-112
_set_new_handler function 309-310
_setargv function, described 32, 34
_setenvp function, suppressing library routine use 34
Shift operators, bitwise, binary-operator expressions 92
short int type 42
short type 42—-43
signed char type 42-43
signed short type 42
signed type
conversion from unsigned 57-58
conversion to unsigned 57
Single inheritance 258-260, 262
Sized integer types 43
sizeof operator 82—83, 241
Sizes, types 43
Smart pointers, described 347
Source character set 11
Specifications
linkage 170-172
templates 173
Specifiers
access to members 280-283
eleborated-type 237
friend 162
function 154-155
inline 154
pure 240
storage-class 153
syntax 152
type 162-163
typedef 158-161
virtual 158
Stack frame layout, writing prolog/epilog code 371
Standard integral conversion 58
_standard_new_handler function 311
Startup code
command-line arguments, parsing 33-34
initialization considerations 36
main and wmain functions 30
main function 34
Statements
break 133,137
case 132
catch See catch statement
categories 125
class type 139

Statements (continued)
compound 129
continue 138
declaration 126, 139-143
described 126
do/while 133
enum type 139
expression 128
for 133
function declarations 139
goto 139
grammar summary 362
iffelse 129
labeled 126-127
null 128
object declarations 139
return
described 138-139
program termination 35-36
selection 129-131
struct type 139
switch 130
syntax 126
throw See throw statement
try See try statement
typedef declarations 139
union type 139
while 133
Static data members 247-248
static declarations, linkage 27
static keyword
declarations, used in 141-142, 153
described 38
linkage 154
linkage specification 172
Static members
described 243
functions 246
initializing 224
Static objects, initializing 317
Static storage class
declaration statements 141-142
described 38
specifiers 153
Static variables, initialization 39
Storage classes
automatic 38, 153
member declarations 239
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Storage classes (continued)
static 38
types 38
Storage-class specifiers 153-154
String literals 15-17
struct keyword 232
struct type names, declarations 139
Structures
anonymous 166
declaring 232
derived types 49
Subscript operator
described 345
overloading 345, 347
postfix expressions 69-70
Subscript operator ([ ]) 211
Subtraction operator
binary-operator expressions 90-92
overloading 343
switch statements
labels, restrictions 127
using 130-133
Syntax
bit fields 251
class-member declaration 239
declarators 192
arrays 208
initializers 223
pointers 195
pointers to members 203
references 198
function declarations 212
function definitions 220
identifiers 5
linkage to non-C++ functions 29
main function 30
operators 7
pointers to members 206
summary 349

T

Template specifications 173
Templates
differences from other implementations 178
function 176
member functions 176
referencing 175
Temporary objects 301--302

Termination
abort function 35, 38
atexit function, described 37
considerations 36
exit function 35-36
implementing 35
return statement 35-36
Terms defined language 19
Ternary operator See Conditional operator
this argument 244
this pointer
described 245-246
member functions 242
overloaded functions argument matching 331
syntax 246
types 245
thread attribute 368
thread extended storage-class attribute 368
Thread-local storage See thread attribute
throw statement 143, 146
Tokens 1-3
Translation phases 1-2
Translation units
defined 2-3
linkage See Linkage
try statement 143, 146
type casts, syntactic ambiguity 195
Type checking, described 236
Type conversions
See also Conversions
class types 302-303
Type names
combinations 162
declarators, use in 193-195
defining 50
in class scope 256
simple 162
Type specifiers
described 162-165
syntax 162
typedef declarations
described 50, 158, 161
name spaces 161
overloaded functions 327
using 159-160
with class types 160
typedef keyword 193, 233



typedef names
declarations 139
linkage 28
typedef statements, naming class types 237
Types
aggregate, initializing 226
anonymous 164, 166
class 163
conversions See Conversions
derived
composed 48-49
described 44
directly derived 44, 46-48
floating 41-42
fundamental
conversions See Conversions
described 41-43
storage required 43
incomplete, initializing 226
integral described 41-42
integral conversions 57
(list) 41
nested 164
numerical limits 51
size of 43
sized integers 43
struct 163
union 163
user-defined 163
void 41
wchar_t 13,15

U

Unary negation operator
overloading 340
unary-operator expressions 79-80

Unary operators
address-of 78-79
associativity 77
bitwise complement 80
decrement 80-81
delete 87-88
increment 80-81
indirection 78
(list) 77
logical NOT 80
negation 340
new 83-87

Index

Unary operators (continued)
one’s complement 80
overloading 340
sizeof 82-83
unary negation 79-80
unary plus 79

Unary plus operator
overloading 340
unary-operator expressions 79

Uninitialized objects 224

union keyword
class type declaration 232
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Introduction

This book explains the preprocessor as it is implemented in Microsofte C/C++.
The preprocessor is a tool you use to process C and C++ files before they are
passed to the compiler. It allows you to:

e Define and undefine macros.

¢ Expand macros.

e Conditionally compile code.

e Insert specified files.

o Specify compile-time error messages.

e Apply machine-specific rules to specified sections of code.

Note For information on Microsoft product support, see the technical support help file,
PSS.HLP.

Special Terminology

In this book, the term “argument” refers to the entity that is passed to a function.
In some cases, it is modified by “actual” or “formal,” which mean the argument
expression specified in the function call and the argument declaration specified in
the function definition, respectively.

The term “variable” refers to a simple C-type data object. The term “object” refers
to both C++ objects and variables; it is an inclusive term.






CHAPTER 1

The Preprocessor

The preprocessor is a text processor that manipulates the text of a source file as part
of the first phase of translation. The preprocessor does not parse the source text, but
it does break it up into tokens for the purpose of locating macro calls. Although the
compiler ordinarily invokes the preprocessor in its first pass, the preprocessor can
also be invoked separately to process text without compiling.

Microsoft Specific —

‘You can obtain a listing of your source code after preprocessing by using the /E or
/EP compiler option. Both options invoke the preprocessor and output the resulting
text to the standard output device, which, in most cases, is the console. The difference
between the two options is that /E includes #line directives and /EP strips these
directives out.

END Microsoft Specific

Phases of Translation

C and C++ programs consist of one or more source files, each of which contains some
of the text of the program. A source file, together with its include files (files that are
included using the #include preprocessor directive) but not including sections of code
removed by conditional-compilation directives such as #if, is called a “translation
unit.”

Source files can be translated at different times—in fact, it is common to translate
only out-of-date files. The translated translation units can be kept either in separate
object files or in object-code libraries. These separate translation units are then linked
to form an executable program or a dynamic-link library (DLL).
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Translation units can communicate using:

¢ (Calls to functions that have external linkage.

e Calls to class member functions that have external linkage.
¢ Direct modification of objects that have external linkage.

o Direct modification of files.

e Interprocess communication (for Microsoft Windows®-based applications only).

The following list describes the phases in which the compiler translates files:

Character mapping Characters in the source file are mapped to the internal source
representation. Trigraph sequences are converted to single-character internal
representation in this phase.

Line splicing All lines ending in a backslash (\) and immediately followed by a
newline character are joined with the next line in the source file, forming logical
lines from the physical lines. Unless it is empty, a source file must end in a newline
character that is not preceded by a backslash.

Tokenization The source file is broken into preprocessing tokens and white-space
characters. Comments in the source file are replaced with one space character each.
Newline characters are retained.

Preprocessing Preprocessing directives are executed and macros are expanded into
the source file. The #include statement invokes translation starting with the
preceding three translation steps on any included text.

Character-set mapping All source-character-set members and escape sequences are
converted to their equivalents in the execution-character set. For Microsoft C and
C++, both the source and the execution character sets are ASCII.

String concatenation All adjacent string and wide-string literals are concatenated.
For example, "String " "concatenation" becomes "String concatenation".

Translation All tokens are analyzed syntactically and semantically; these tokens are
converted into object code.

Linkage All external references are resolved to create an executable program or a
dynamic-link library.

The compiler issues warnings or errors during phases of translation in which it
encounters syntax errors.

The linker resolves all external references and creates an executable program or DLL
by combining one or more separately processed translation units along with standard
libraries.
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Preprocessor Directives

Preprocessor directives, such as #define and #ifdef, are typically used to make source
programs easy to change and easy to compile in different execution environments.
Directives in the source file tell the preprocessor to perform specific actions. For
example, the preprocessor can replace tokens in the text, insert the contents of other
files into the source file, or suppress compilation of part of the file by removing
sections of text. Preprocessor lines are recognized and carried out before macro
expansion. Therefore, if a macro expands into something that looks like a
preprocessor command, that command is not recognized by the preprocessor.

Preprocessor statements use the same character set as source file statements, with
the exception that escape sequences are not supported. The character set used in
preprocessor statements is the same as the execution character set. The preprocessor
also recognizes negative character values.

The preprocessor recognizes the following directives:

#define #error #import #undef
#elif #if #include

#else #ifdef #line

#endif #ifndef #pragma

The number sign (#) must be the first nonwhite-space character on the line containing
the directive; white-space characters can appear between the number sign and the
first letter of the directive. Some directives include arguments or values. Any text that
follows a directive (except an argument or value that is part of the directive) must be
preceded by the single-line comment delimiter (/) or enclosed in comment delimiters
(/* */). Lines containing preprocessor directives can be continued by immediately
preceding the end-of-line marker with a backslash (V).

Preprocessor directives can appear anywhere in a source file, but they apply only to
the remainder of the source file.

The #define Directive

You can use the #define directive to give a meaningful name to a constant in your
program. The two forms of the syntax are:

Syntax
#define identifier token-stringoy

#define identifier[( identifiersy, ... , identifiery ) token-stringqpy

The #define directive substitutes token-string for all subsequent occurrences of an
identifier in the source file. The identifier is replaced only when it forms a token.
(See “Tokens” in the C++ Language Reference.) For instance, identifier is not
replaced if it appears in a comment, within a string, or as part of a longer identifier.
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A #define without a roken-string removes occurrences of identifier from the source
file. The identifier remains defined and can be tested using the #if defined and #ifdef
directives.

The token-string argument consists of a series of tokens, such as keywords,
constants, or complete statements. One or more white-space characters must separate
token-string from identifier. This white space is not considered part of the substituted
text, nor is any white space following the last token of the text.

Formal parameter names appear in token-string to mark the places where actual values
are substituted. Each parameter name can appear more than once in token-string, and

- the names can appear in any order. The number of arguments in the call must match
the number of parameters in the macro definition. Liberal use of parentheses ensures
that complicated actual arguments are interpreted correctly.

The second syntax form allows the creation of function-like macros. This form
accepts an optional list of parameters that must appear in parentheses. References
to the identifier after the original definition replace each occurrence of

identifier( identifierqy, ..., identifieryy, ) with a version of the token-string argument
that has actual arguments substituted for formal parameters.

The formal parameters in the list are separated by commas. Each name in the list
must be unique, and the list must be enclosed in parentheses. No spaces can separate
identifier and the opening parenthesis. Use line concatenation—place a backslash (\)
before the newline character—for long directives on multiple source lines. The scope
of a formal parameter name extends to the new line that ends token-string.

When a macro has been defined in the second syntax form, subsequent textual
instances followed by an argument list constitute a macro call. The actual arguments
following an instance of identifier in the source file are matched to the corresponding
formal parameters in the macro definition. Each formal parameter in token-string that
is not preceded by a stringizing (#), charizing (#@), or token-pasting (##) operator, or
not followed by a ## operator, is replaced by the corresponding actual argument. Any
macros in the actual argument are expanded before the directive replaces the formal
parameter. (The operators are described in “Preprocessor Operators”™ on page 23.)

The following examples of macros with arguments illustrate the second form of the
#define syntax:

// Macro to define cursor lines
jtidefine CURSOR(top, bottom) ((top) << 8) | bottom))

// Macro to get a random integer with a specified range
jidefine getrandom(min, max) \
((rand()%Cint) (((max) + 1)-(min)))+ (min))
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Arguments with side effects sometimes cause macros to produce unexpected results.
A given formal parameter may appear more than once in token-string. If that formal
parameter is replaced by an expression with side effects, the expression, with its side
effects, may be evaluated more than once. (See the examples under “Token-Pasting
Operator (##)” on page 25.)

The #undef directive causes an identifier’s preprocessor definition to be forgotten.
See “The #undef Directive” on page 22 for more information.

If the name of the macro being defined occurs in foken-string (even as a result of
another macro expansion), it is not expanded.

A second #define for a macro with the same name generates an error unless the
second token sequence is identical to the first.

Microsoft Specific —

Microsoft C/C++ allows the redefinition of a macro, but generates a warning,
provided the new definition is lexically identical to a previous definition. ANSIC
considers macro redefinition an error. For example, these macros are equivalent for
C/C++ but generate warnings:

fidefine test( fl, f2 ) ( fl1 * f2 )
f#define test( al, a2 ) ( al * a2 )

END Microsoft Specific

This example illustrates the #define directive:

ffdefine WIDTH 80
ffdefine LENGTH ( WIDTH + 10 )

The first statement defines the identifier WIDTH as the integer constant 80 and defines
LENGTH in terms of WIDTH and the integer constant 10. Each occurrence of LENGTH is
replaced by (WIDTH + 10). In turn, each occurrence of WIDTH + 10 is replaced by the
expression (80 + 10). The parentheses around WIDTH + 10 are important because
they control the interpretation in statements such as the following:

var = LENGTH * 20;

After the preprocessing stage thé statement becomes:

var = ( 80 + 10 ) * 20;

which evaluates to 1800. Without parentheses, the result is:
var = 80 + 10 * 20;

which evaluates to 280.
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Syntax

Syntax

Microsoft Specific —

Defining macros and constants with the /D compiler option has the same effect as
using a #define preprocessing directive at the beginning of your file. Up to 30 macros
can be defined with the /D option.

END Microsoft Specific

The #error Directive

Error directives produce compiler-time error messages.

#error token-string

The error messages include the argument token-string and are subject to macro
expansion. These directives are most useful for detecting programmer inconsistencies
and violation of constraints during preprocessing. The following example
demonstrates error processing during preprocessing:

#if !defined(__cplusplus)

f#error C++ compiler required.
fendif

When #error directives are encountered, compilation terminates.

The #if, #elif, #else, and #endif Directives

The #f directive, with the #elif, #else, and #endif directives, controls compilation
of portions of a source file. If the expression you write (after the #if) has a nonzero
value, the line group immediately following the #if directive is retained in the
translation unit.

conditional:

if-part elif-partsyy else-part,, endif-line
if-part:

if-line text
if-line:

#if constant-expression

#ifdef identifier
#ifndef identifier

elif-parts:

elif-line text

elif-parts elif-line text
elif-line:

#elif constant-expression
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else-part:
else-line text

else-line:
#else

endif-line:
#endif

Each #if directive in a source file must be matched by a closing #endif directive. Any
number of #elif directives can appear between the #if and #endif directives, but at
most one #else directive is allowed. The #else directive, if present, must be the last
directive before #endif.

The #if, #elif, #else, and #endif directives can nest in the text portions of other #f
directives. Each nested #else, #elif, or #endif directive belongs to the closest
preceding #if directive.

All conditional-compilation directives, such as #if and #ifdef, must be matched
with closing #endif directives prior to the end of file; otherwise, an error message
is generated. When conditional-compilation directives are contained in include
files, they must satisfy the same conditions: There must be no unmatched
conditional-compilation directives at the end of the include file.

Macro replacement is performed within the part of the command line that follows .
an #elif command, so a macro call can be used in the constant-expression.

The preprocessor selects one of the given occurrences of fext for further processing.
A block specified in fext can be any sequence of text. It can occupy more than one
line. Usually fext is program text that has meaning to the compiler or the preprocessor.

The preprocessor processes the selected fext and passes it to the compiler. If text
contains preprocessor directives, the preprocessor carries out those directives. Only
text blocks selected by the preprocessor are compiled.

The preprocessor selects a single fext item by evaluating the constant expression
following each #if or #elif directive until it finds a true (nonzero) constant expression.
It selects all text (including other preprocessor directives beginning with #) up to its
associated #elif, #else, or #endif.

If all occurrences of constant-expression are false, or if no #elif directives appear, the
preprocessor selects the text block after the #else clause. If the #else clause is omitted
and all instances of constant-expression in the #if block are false, no text block is
selected.

The constant-expression is an integer constant expression with these additional
restrictions:

e Expressions must have integral type and can include only integer constants,
character constants, and the defined operator.

e The expression cannot use sizeof or a type-cast operator.
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Syntax

¢ The target environment may not be able to represent all ranges of integers.

¢ The translation represents type int the same as type long, and unsigned int the
same as unsigned long.

¢ The translator can translate character constants to a set of code values different
from the set for the target environment. To determine the properties of the target
environment, check values of macros from LIMITS.H in an application built for
the target environment.

o The expression must not perform any environmental inquiries and must remain
insulated from implementation details on the target computer.

The preprocessor operator defined can be used in special constant expressions, as
shown by the following syntax:

defined( identifier )
defined identifier

This constant expression is considered true (nonzero) if the identifier is currently
defined; otherwise, the condition is false (0). An identifier defined as empty text is
considered defined. The defined directive can be used in an #f and an #elif directive,
but nowhere else.

In the following example, the #if and #endif directives control compilation of one of
three function calls:

#if defined(CREDIT)
credit();

#elif defined(DEBIT)
debit();

#else
printerror();

fendif

The function call to credit is compiled if the identifier CREDIT is defined. If the
identifier DEBIT is defined, the function call to debit is compiled. If neither identifier
is defined, the call to printerror is compiled. Note that CREDIT and credit are
distinct identifiers in C and C++ because their cases are different.

The conditional compilation statements in the following example assume a previously
defined symbolic constant named DLEVEL.

f#if DLEVEL > 5
J#define SIGNAL 1
#Hf STACKUSE ==
#define STACK 200
flelse
ffdefine STACK 100
ffendif
f#else
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Jidefine SIGNAL ©
J##if STACKUSE == 1
jfdefine STACK 100
ffelse
jfdefine STACK 50
#endif
ffendif
jHif DLEVEL == 0
jidefine STACK ©
#el1if DLEVEL == 1
jidefine STACK 100
#e1if DLEVEL > 5
display( debugptr );
ffelse
fldefine STACK 200
fendif

The first #if block shows two sets of nested #if, #else, and #endif directives. The first
set of directives is processed only if DLEVEL > 5 is true. Otherwise, the statements
after #else are processed.

The #elif and #else directives in the second example are used to make one of four
choices, based on the value of DLEVEL. The constant STACK is set to 0, 100, or 200,
depending on the definition of DLEVEL. If DLEVEL is greater than 5, then the statement

f#fe1if DLEVEL > 5
display(debugptr);

is compiled and STACK is not defined.

A common use for conditional compilation is to prevent multiple inclusions of the
same header file. In.C++, where classes are often defined in header files, constructs
like the following can be used to prevent multiple definitions:

// EXAMPLE.H - Example header file

##if !defined( EXAMPLE_H )
fidefine EXAMPLE_H

class Example
{

};
f#fendif // !defined( EXAMPLE_H )

The preceding code checks to see if the symbolic constant EXAMPLE_H is defined. If so,
the file has already been included and need not be reprocessed. If not, the constant
EXAMPLE_H is defined to mark EXAMPLE.H as already processed.
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Microsoft Specific —
Conditional compilation expressions are treated as signed long values, and these

expressions are evaluated using the same rules as expressions in C++. For example,
this expression:

#if OxFFFFFFFFL > 1UL
is true.

END Microsoft Specific

The #ifdef and #ifndef Directives

The #ifdef and #ifndef directives perform the same task as the #if directive when it is
used with defined( identifier ).

#ifdef identifier
#ifndef identifier

is equivalent to

#f defined identifier
#if !defined identifier

You can use the #ifdef and #ifndef directives anywhere #if can be used. The #ifdef
identifier statement is equivalent to #if 1 when identifier has been defined, and it
is equivalentto #if @ when identifier has not been defined or has been undefined
with the #undef directive. These directives check only for the presence or absence of

identifiers defined with #define, not for identifiers declared in the C or C++ source

code.

These directives are provided only for compatibility with previous versions of the
language. The defined( identifier ) constant expression used with the #if directive is
preferred.

The #ifndef directive checks for the opposite of the condition checked by #ifdef. If
the identifier has not been defined (or its definition has been removed with #undef),
the condition is true (nonzero). Otherwise, the condition is false (0).



Syntax

Chapter 1 The Preprocessor

Microsoft Specific —»

The identifier can be passed from the command line using the /D option. Up to 30
macros can be specified with /D.

This is useful for checking whether a definition exists, because a definition can be
passed from the command line. For example:

// PROG.CPP

{H fndef test // These three statements go in your source code.
jidefine final

flendif

CL /Dtest prog.cpp /1 This is the command for compilation.
END Microsoft Specific

The #import Directive

C++ Specific —

The #import directive is used to incorporate information from a type library. The
content of the type library is converted into C++ classes, mostly describing the
COM interfaces.

#import '"filename" [attributes]

#import <filename> [attributes]

attributes:
attributel, attribute?2, ...
attributel attribute?2 ...

filename is the name of the file containing the type library information. A file can be
one of the following types:

a type library (.TLB or .ODL) file
e an executable (.EXE) file
¢ alibrary ( DLL) file containing a type library resource (such as .0OCX)

e acompound document holding a type library
¢ any other file format that can be understood by the LoadTypeLib API

11
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- The filename is optionally preceded by a directory specification. The filename must

name an existing file. The difference between the two forms is the order in which the
preprocessor searches for the type library files when the path is incompletely
specified.

Syntax Form Action

Quoted form This form instructs the preprocessor to first look for type library

files in the same directory of the file that contains the #import
statement, and then in the directories of whatever files that include
(#include) that file. The preprocessor then searches along the paths
shown below.

Angle-bracket form This form instructs the preprocessor to search for type library files

along the paths shown below.
The compiler will search in the following directories for the named file:
1. the PATH environment variable path list
2. the LIB environment variable path list
3. the path specified by the /I (additional include directories) compiler option
#import can optionally include one or more attributes. These attributes tell the

compiler to modify the contents of the type-library headers. A backslash (\) symbol
can be used to include additional lines in a single #import statement. For example:

#import "test.1ib” no_namespace \
rename("01dName", "NewName")

The #import attributes are listed below:

exclude high_method_prefix

high_property_prefixes
inject_statement
no_implementation
raw_dispinterfaces
raw_method_prefix
raw_property_prefixes

rename_namespace

implementation_only
named_guids
no_namespace
raw_interfaces_only
raw_native_types

rename

#import creates two header files that reconstruct the type library contents in C++
source code. The primary header file is similar to that produced by the Microsoft
Interface Definition Language (MIDL) compiler, but with additional compiler-
generated code and data. The primary header file has the same base name as the
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type library, plus a . TLH extension. The secondary header file has the same base
name as the type library, with a .TLI extension. It contains the implementations for
compiler-generated member functions, and is included (#include) in the primary
header file. '

Both header files are placed in the output directory specified by the /Fo (name object
file) option. They are then read and compiled by the compiler as if the primary header
file was named by a #include directive.

The following compiler optimizations come with the #import directive:

o The header file, when created, is given the same timestamp as the type library.

e When #import is processed, the compiler first checks if the header exists and is
up to date. If yes, then it does not need to be recreated.

o The compiler delays initializing the OLE subsystem until the first #import
command is encountered.

The #import directive also participates in minimal rebuild and can be placed in a
precompiled header file. See “Creating Precompiled Header Files” in Visual C++
Programmer’s Guide online for more information.

The Primary Type Library Header File

The primary type library header file consists of seven sections:

1. Heading boilerplate: Consists of comments, #include statement for COMDEE.H
(which defines some standard macros used in the header), and other miscellaneous
setup information.

2. Forward references and typedefs: Consists of structure declarations such as
struct IMyInterface, and typedefs for any TKIND_ALIAS items.

3. Smart pointer declarations: - The template class _com_ptr_t is a smart-pointer
implementation that encapsulates interface pointers and eliminates the need
to call AddRef, Release, QueryInterface functions. In addition, it hides the
CoCreatelnstance call in creating a new COM object. This section uses macro
statement _COM_SMARTPTR_TYPEDEF to establish typedefs of COM
interfaces to be template specializations of the _com_ptr_t template class.
For example, for interface IFoo, the .TLH file will contain:

__COM_SMARTPTR_TYPEDEF(IFoo, __uuidof(IFoo));
which the compiler will expand to:
typedef _com_ptr_t<_com_IIID<IFoo, __uuidof(IFco)> > IFooPtr;

Type IFooPtr can then be used in place of the raw interface pointer IFoo*.
Consequently, there is no need to call the various IUnknown member
functions.

13
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4. Typeinfo declarations: Primarily consists of class definitions and other items
exposing the individual typeinfo items returned by ITypeLib:GetTypelnfo. In this
section, each typeinfo from the type library is reflected in the header in a form
dependent on the TYPEKIND information.

5. Optional old-style GUID definition: Contains initializations of the named GUID
constants. These are names of the form CLSID_CoClass and IID_Interface,
similar to those generated by the MIDL compiler.

6. #include statement for the secondary type library header.

7. Footer boilerplate: Currently includes #fpragma pack(pop).

All sections, except the heading boilerplate and footer boilerplate section, are enclosed
in a namespace with its name specified by the library statement in the original IDL

file. You can use the names from the type library header either by an explicit
qualification with the namespace name or by including the following statement:

using namespace MylLib;
immediately after the #import statement in the source code.

The namespace can be suppressed by using the no_namespace attribute of the
#import directive. However, suppressing the namespace may lead to name collisions.
The namespace can also be renamed by the rename_namespace attribute.

The exclude attribute
exclude("'Namel"'[, "Name2",...])

Namel First item to be excluded

Name2 Second item to be excluded (if necessary)

Type libraries may include definitions of items defined in system headers or other type
libraries. This attribute can be used to exclude these items from the type library header
files being generated. This attribute can take any number of arguments, each being a
top-level type library item to be excluded.

The high_method_prefix attribute
high_method_prefix("' Prefix'')

Prefix Prefix to be used

By default, high-level error-handling properties and methods are exposed by
member functions named without a prefix. The names are from the type library. The
high_method_prefix attribute is used to specify a prefix to be used in naming these
high-level properties and methods.
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The high_property_prefixes attribute
high_property_prefixes(''GetPrefix"," PutPrefix"," PutRefPrefix'")

GetPrefix Prefix to be used for the propget methods
PutPrefix Prefix to be used for the propput methods
PutRefPrefix Prefix to be used for the propputref methods

By default, high-level error-handling propget, propput, and propputref methods
are exposed by member functions named with prefixes Get, Put, and PutRef
respectively. The high_property_prefixes attribute is used to specify alternate
prefixes for all three property methods.

The implementation_only attribute

The implementation_only attribute suppresses the generation of the .TLH header file
(the primary header file). This file contains all the declarations used to expose the
type-library contents. The .TLI header file, with the implementations of the wrapper
member functions, will be generated and included in the compilation.

When this attribute is specified, the content of the .TLI header is in the same
namespace as the one normally used in the .TLH header. In addition, the member
functions are not declared as inline.

The implementation_only attribute is intended for use in conjunction with the
no_implementation attribute as a way of keeping the implementations out of the
precompiled header (PCH) file. An #import statement with the no_implementation
attribute is placed in the source region used to create the PCH. The resulting PCH is
used by a number of source files. An #import statement with the implementation_only
attribute is then used outside the PCH region. You are required to use this statement
only once in one of the source files. This will generate all the required wrapper member
functions without additional recompilation for each source file.

Note The implementation_only atribute in one #import statement must be use in
conjunction with another #import statement, of the same type library, with the
no_implementation attribute. Otherwise, compiler errors will be generated. This is because
wrapper class definitions generated by the #import statement with the no_implementation
aftribute are required to compile the implementations generated by the implementation_only
attribute.

The inject_statement attribute
inject_statement(''source_text')

source_text Source text to be inserted into the type library header file

The inject_statement attribute inserts its argument as source text into the type-library
header. The text is placed at the beginning of the namespace declaration that wraps the
type-library contents in the header file.

15
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The named_guids attribute

The named_guids attribute tells the compiler to define and initialize GUID variables
in old style, of the form LIBID_MyLib, CLSID_MyCoClass, IID MyInterface,
and DITD_MyDispInterface.

The no_implementation attribute

The no_implementation attribute suppresses the generation of the .TLI header, which
contains the implementations of the wrapper member functions. If this attribute is
specified, the .TLH header, with the declarations to expose type-library items, will be
generated without an #include statement to include the .TLI header file.

This attribute is used in conjunction with implementation_only.

The no_namespace attribute

The type-library contents in the #import header file are normally defined in a
namespace. The namespace name is specified in the library statement of the original
IDL file. If the no_namespace attribute is specified, this namespace is not generated
by the compiler.

If you want to use a different namespace name, use the rename_namespace attribute
instead.

The raw_dispinterfaces attribute

The raw_dispinterfaces attribute tells the compiler to generate low-level wrapper
functions for dispinterface methods and properties that call IDispatch::Invoke and
return the HRESULT error code.

If this attribute is not specified, only high-level wrappers are generated, which throw
C++ exceptions in case of failure.

The raw_interfaces_only attribute

The raw_interfaces_only attribute suppresses the generation of error-handling
wrapper functions and __declspec(property) declarations that use those wrapper
functions.

The raw_interfaces_only attribute also causes the default prefix used in naming the
non-property functions to be removed. Normally, the prefix is raw_. If this attribute
is specified, the function names are directly from the type library.

This attribute allows you to expose only the low-level contents of the type library.
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The raw_method_prefix attribute
raw_method_prefix(‘' Prefix'")

Prefix The prefix to be used

Low-level properties and methods are exposed by member functions named with a
default prefix of raw_ to avoid name collisions with the high-level error-handling
member functions. The raw_method_prefix attribute is used to specify a different
prefix.

Note The effects of the raw_method_prefix attribute will not be changed by the presence of
the raw_interfaces_only attribute. The raw_method_prefix always takes precedence over
raw_interfaces_only in specifying a prefix. If both attributes are used in the same #import
statement, then the prefix specified by the raw_method_prefix attribute is used.

The raw_native_types attribute

By default, the high-level error-handling methods use the COM support classes
_bstr_t and _variant_t in place of the BSTR and VARIANT data types and raw
COM interface pointers. These classes encapsulate the details of allocating and
deallocating memory storage for these data types, and greatly simplify type casting
and conversion operations. The raw_native_types attribute is used to disable the
use of these COM support classes in the high-level wrapper functions, and force
the use of low-level data types instead.

The raw_property_prefixes attribute
raw_property_prefixes(''GetPrefix'"'," PutPrefix"," PutRefPrefix'")
GetPrefix Prefix to be used for the propget methods

PutPrefix Prefix to be used for the propput methods

PutRefPrefix Prefix to be used for the propputref methods

By default, low-level propget, propput, and propputref methods are exposed by
member functions named with prefixes of get_, put_, and putref_ respectively. These
prefixes are compatible with the names used in the header files generated by MIDL.
The raw_property_prefixes attribute is used to specify alternate prefixes for all three
property methods.

17
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The rename attribute
rename(''OldName"'," NewName'")
OldName Old name in the type library

NewName Name to be used instead of the old name

The rename attribute is used to work around name collision problems. If this attribute
is specified, the compiler replaces all occurrences of OldName in a type library with
the user-supplied NewName in the resulting header files.

This attribute can be used when a name in the type library coincides with a macro
definition in the system header files. If this situation is not resolved, then various
syntax errors will be generated, such as C2059 and C2061.

Note The replacement is for a name used in the type library, not for a name used in the
resulting header file.

Here is an example: Suppose a property named MyParent exists in a type library, and
amacro GetMyParent is defined in a header file and used before #import. Since
GetMyParent is the default name of a wrapper function for the error-handling get
property, a name collision will occur. To work around the problem, use the followmg
attribute in the #import statement:

rename("MyParent","MyParentX")

which renames the name MyParent in the type library. An attempt to rename the
GetMyParent wrapper name will fail:

rename("GetMyParent”,"GetMyParentX")

This is because the name GetMyParent only occurs in the resulting type library
header file.

The rename_namespace attribute

rename_namespace('' NewName"")

NewName The new name of the namespace

The rename_namespace attribute is used to rename the namespace that contains the
contents of the type library. It takes a single argument, NewName, which specifies the
new name for the namespace.

To remove the namespace, use the no_namespace attribute instead.

END C++ Specific
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The #include Directive

The #include directive tells the preprocessor to treat the contents of a specified file as
if those contents had appeared in the source program at the point where the directive
appears. You can organize constant and macro definitions into include files and then
use #include directives to add these definitions to any source file. Include files are
also useful for incorporating declarations of external variables and complex data
types. You only need to define and name the types once in an include file created for
that purpose.

#include "path-spec"
#include <path-spec>

The path-spec is a filename optionally preceded by a directory specification. The
filename must name an existing file. The syntax of the path-spec depends on the
operating system on which the program is compiled.

Both syntax forms cause replacement of that directive by the entire contents of the
specified include file. The difference between the two forms is the order in which the
preprocessor searches for header files when the path is incompletely specified.

Syntax Form Action

Quoted form This form instructs the preprocessor to look for include files in the
same directory of the file that contains the #include statement, and
then in the directories of whatever files that include (#include) that
file. The preprocessor then searches along the path specified by the
/1 compiler option, then along paths specified by the INCLUDE
environment variable.

Angle-bracket form This form instructs the preprocessor to search for include files first
along the path specified by the /I compiler option, then along the
path specified by the INCLUDE environment variable.

The preprocessor stops searching as soon as it finds a file with the given name. If you
specify a complete, unambiguous path specification for the include file between two
sets of double quotation marks (" '), the preprocessor searches only that path
specification and ignores the standard directories.

If the filename enclosed in double quotation marks is an incomplete path
specification, the preprocessor first searches the “parent” file’s directory. A parent file
is the file containing the #include directive. For example, if you include a file named
file2 within a file named filel, filel is the parent file.

Include files can be “nested”; that is, an #include directive can appear in a file named
by another #include directive. For example, file2, above, could include fiie3.In
this case, filel would still be the parent of fi1e2 but would be the “grandparent”

of file3.
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When include files are nested, directory searching begins with the directories of the
parent file and then proceeds through the directories of any grandparent files. Thus,
searching begins relative to the directory containing the source currently being
processed. If the file is not found, the search moves to directories specified by the
/1 compiler option. Finally, the directories specified by the INCLUDE environment
variable are searched.

The following example shows file inclusion using angle brackets:
ffinclude <stdio.h>

This example adds the contents of the file named STDIO.H to the source program.
The angle brackets cause the preprocessor to search the directories specified by the
INCLUDE environment variable for STDIO.H, after searching directories specified
by the /I compiler option.

The following example shows file inclusion using the quoted form:
ffinclude "defs.h"

This example adds the contents of the file specified by DEFS.H to the source
program. The double quotation marks mean that the preprocessor searches the
directory containing the parent source file first.

Nesting of include files can continue up to 10 levels. Once the nested #include is
processed, the preprocessor continues to insert the enclosing include file into the
original source file.

Microsoft Specific —

To locate includable source files, the preprocessor first searches the directories
specified by the /I compiler option. If the /I option is not present or fails, the
preprocessor uses the INCLUDE environment variable to find any include files
within angle brackets. The INCLUDE environment variable and /I compiler option
can contain multiple paths separated by semicolons (3). If more than one directory
appears as part of the /I option or within the INCLUDE environment variable, the
preprocessor searches them in the order in which they appear.

For example, the command
CL /ID:\MSVC\INCLUDE MYPROG.C

causes the preprocessor to search the directory D:\MSVCMNCLUDE for include files
such as STDIO.H. The commands

SET INCLUDE=D:\MSVC\INCLUDE
CL MYPROG.C

have the same effect. If both sets of searches fail, a fatal compiler error is generated.

20
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If the filename is fully specified for an include file with a path that includes a colon
(for example, FAMSVC\SPECIAL\INCL\TEST.H), the preprocessor follows the path.

For include files specified as #include "path-spec", directory searching begins
with the directory of the parent file and then proceeds through the directories of
any grandparent files. Thus, searching begins relative to the directory containing
the source file containing the #include directive being processed. If there is no
grandparent file and the file has not been found, the search continues as if the
filename were enclosed in angle brackets.

END Microsoft Specific

The #line Directive

The #line directive tells the preprocessor to change the compiler’s internally stored
line number and filename to a given line number and filename. The compiler uses the
line number and filename to refer to errors that it finds during compilation. The line
number usually refers to the current input line, and the filename refers to the current
input file. The line number is incremented after each line is processed.

Syntax
#line digit-sequence "filename" o

The digit-sequence value can be any integer constant. Macro replacement can be
performed on the preprocessing tokens, but the result must evaluate to the correct
syntax. The filename can be any combination of characters and must be enclosed in
double quotation marks ("' "'). If filename is omitted, the previous filename remains
unchanged.

You can alter the source line number and filename by writing a #line directive.

The translator uses the line number and filename to determine the values of the
predefined macros __FILE__ and __LINE__. You can use these macros to insert
self-descriptive error messages into the program text. For more information on these
predefined macros, see “Predefined Macros.”

The __FILE__ macro expands to a string whose contents are the filename,
surrounded by double quotation marks (" "').

If you change the line number and filename, the compiler ignores the previous values

and continues processing with the new values. The #line directive is typically used by
program generators to cause error messages to refer to the original source file instead

of to the generated program.

The following examples illustrate #line and the __LINE__ and __FILE__ macros.

In this statement, the internally stored line number is set to 151 and the filename is
changed to copy.c.

{#line 151 "copy.c"
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In this example, the macro ASSERT uses the predefined macros __LINE__ and
__FILE__ to print an error message about the source file if a given “assertion” is
not true.

jidefine ASSERT(cond)

if( (cond) )\
{printf( "assertion error line %d, file(%s)\n", \
__LINE__, FILE__);}

The Null Directive

The null preprocessor directive is a single number sign (#) alone on a line. It has
no effect.

#

The #undef Directive

As its name implies, the #undef directive removes (undefines) a name previously
created with #define.

#undef identifier

The #undef directive removes the current definition of identifier. Consequently,
subsequent occurrences of identifier are ignored by the preprocessor. To remove a macro
definition using #undef, give only the macro identifier; do not give a parameter list.

You can also apply the #undef directive to an identifier that has no previous
definition. This ensures that the identifier is undefined. Macro replacement is not
performed within #undef statements.

The #undef directive is typically paired with a #define directive to create a region

in a source program in which an identifier has a special meaning. For example, a
specific function of the source program can use manifest constants to define
environment-specific values that do not affect the rest of the program. The #undef
directive also works with the #if directive to control conditional compilation of the
source program. See “The #if, #elif, #else, and #endif Directives” on page 6 for more
information.

In the following example, the #undef directive removes definitions of a symbolic
constant and a macro. Note that only the identifier of the macro is given.

ftdefine WIDTH 80
ftdefine ADD( X, Y ) Xy + (V)

Jfundef WIDTH
jfundef ADD
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Microsoft Specific —

Macros can be undefined from the command line using the /U option, followed by the
macro names to be undefined. The effect of issuing this command is equivalent to a
sequence of #undef macro-name statements at the beginning of the file.

END Microsoft Specific

Preprocessor Operators

Four preprocessor-specific operators are used in the context of the #define directive
(see the following list for a summary of each). The stringizing, charizing, and
token-pasting operators are discussed in the next three sections. For information on
the defined operator, see “The #if, #elif, #else, and #endif Directives” on page 6.

Operator Action

Stringizing operator (#) Causes the corresponding actual argument to be
enclosed in double quotation marks

Charizing operator (#@) Causes the corresponding argument to be enclosed
in single quotation marks and to be treated as a
character (Microsoft Specific)

Token-pasting operator (##) Allows tokens used as actual arguments to be
concatenated to form other tokens

defined operator Simplifies the writing of compound expressions in
certain macro directives

tiingizing Operator (#)
The number-sign or “stringizing” operator (#) converts macro parameters (after
expansion) to string constants. It is used only with macros that take arguments. If it
precedes a formal parameter in the macro definition, the actual argument passed by
the macro invocation is enclosed in quotation marks and treated as a string literal.
The string literal then replaces each occurrence of a combination of the stringizing
operator and formal parameter within the macro definition.

White space preceding the first token of the actual argument and following the last
token of the actual argument is ignored. Any white space between the tokens in the
actual argument is reduced to a single white space in the resulting string literal. Thus,
if a comment occurs between two tokens in the actual argument, it is reduced to a
single white space. The resulting string literal is automatically concatenated with

any adjacent string literals from which it is separated only by white space.
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Further, if a character contained in the argument usually requires an escape sequence
when used in a string literal (for example, the quotation mark ('') or backslash (V)
character), the necessary escape backslash is automatically inserted before the
character. The following example shows a macro definition that includes the
stringizing operator and a main function that invokes the macro:

jidefine stringer( x ) printf( #x "\n" )

void main()

{
stringer( In quotes in the printf function call\n );
stringer( "In quotes when printed to the screen"\n );
stringer( "This: \" prints an escaped double quote"” );
}

Such invocations would be expanded during preprocessing, producing the following
code:

void main()

{
printf( "In quotes in the printf function call\n” "\n" );
printf( "\"In quotes when printed to the screen\"\n" "\n" );
printf( "\"This: \\\" prints an escaped double quote\"" "\n".);
}

When the program is run, screen output for each line is as follows:

In quotes in the printf function call
"In quotes when printed to the screen"

"This: \" prints an escaped double quotation mark"”

Microsoft Specific —

The Microsoft C (versions 6.0 and earlier) extension to the ANSI C standard that
previously expanded macro formal arguments appearing inside string literals and
character constants is no longer supported. Code that relied on this extension should
be rewritten using the stringizing (#) operator.

END Microsoft Specific
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Charizing Operator (#@)

Microsoft Specific —

The charizing operator can be used only with arguments of macros. If #@ precedes
a formal parameter in the definition of the macro, the actual argument is enclosed in
single quotation marks and treated as a character when the macro is expanded. For
example:

fidefine makechar(x) f@x

causes the statement

a = makechar(b);

to be expanded to

a="'>b";

The single-quotation character cannot be used with the charizing operator.

END Microsoft Specific

Token-Pasting Operator (##)

The double-number-sign or “token-pasting” operator (##), which is sometimes called
the “merging” operator, is used in both object-like and function-like macros. It permits
separate tokens to be joined into a single token and therefore cannot be the first or last
token in the macro definition.

If a formal parameter in a macro definition is preceded or followed by the
token-pasting operator, the formal parameter is immediately replaced by the
unexpanded actual argument. Macro expansion is not performed on the argument prior
to replacement.

Then, each occurrence of the token-pasting operator in token-string is removed, and
the tokens preceding and following it are concatenated. The resulting token must be

a valid token. If it is, the token is scanned for possible replacement if it represents a
macro name. The identifier represents the name by which the concatenated tokens will
be known in the program before replacement. Each token represents a token defined
elsewhere, either within the program or on the compiler command line. White space
preceding or following the operator is optional.

This example illustrates use of both the stringizing and token-pasting operators in
specifying program output:

f#fdefine paster( n ) printf( "token" #n " = %d", tokeniin )
int token9 = 9;
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If a macro is called with a numeric argument like
paster( 9 );

the macro yields

printf( "token” "9" " = %d"™, token9 );
which becomes

printf( "token9 = %d", token9 );

Macros

26

Preprocessing expands macros in all lines that are not preprocessor directives (lines
that do not have a # as the first non-white-space character) and in parts of some
directives that are not skipped as part of a conditional compilation. “Conditional
compilation” directives allow you to suppress compilation of parts of a source file by
testing a constant expression or identifier to determine which text blocks are passed
on to the compiler and which text blocks are removed from the source file during
preprocessing.

The #define directive is typically used to associate meaningful identifiers with
constants, keywords, and commonly used statements or expressions. Identifiers
that represent constants are sometimes called “symbolic constants” or “manifest
constants.” Identifiers that represent statements or expressions are called “macros.”
In this preprocessor documentation, only the term “macro” is used.

When the name of the macro is recognized in the program source text or in the
arguments of certain other preprocessor commands, it is treated as a call to that
macro. The macro name is replaced by a copy of the macro body. If the macro
accepts arguments, the actual arguments following the macro name are substituted
for formal parameters in the macro body. The process of replacing a macro call
with the processed copy of the body is called “expansion” of the macro call.

In practical terms, there are two types of macros. “Object-like” macros take no
arguments, whereas “function-like” macros can be defined to accept arguments so
that they look and act like function calls. Because macros do not generate actual
function calls, you can sometimes make programs run faster by replacing function
calls with macros. (In C++, inline functions are often a preferred method.) However,
macros can create problems if you do not define and use them with care. You may
have to use parentheses in macro definitions with arguments to preserve the proper
precedence in an expression. Also, macros may not correctly handle expressions with
side effects. See the getrandom example in “The #define Directive” on page 3 for
more information.
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Once you have defined a macro, you cannot redefine it to a different value without
first removing the original definition. However, you can redefine the macro with
exactly the same definition. Thus, the same definition can appear more than once in
a program.

The #undef directive removes the definition of a macro. Once you have removed the
definition, you can redefine the macro to a different value. “The #define Directive”
on page 3 and “The #undef Directive” on page 22 discuss the #define and #undef
directives, respectively.

Macros and C++

C++ offers new capabilities, some of which supplant those offered by the ANSI C
preprocessor. These new capabilities enhance the type safety and predictability of
the language:

¢ In C++, objects declared as const can be used in constant expressions. This
allows programs to declare constants that have type and value information, and
enumerations that can be viewed symbolically with the debugger. Using the
preprocessor #define directive to define constants is not as precise. No storage
is allocated for a const object unless an expression that takes its address is found
in the program.

e The C++ inline function capability supplants function-type macros. The advantages
of using inline functions over macros are:

o Type safety. Inline functions are subject to the same type checking as normal
functions. Macros are not type safe.

¢ Correct handling of arguments that have side effects. Inline functions evaluate
the expressions supplied as arguments prior to entering the function body.
Therefore, there is no chance that an expression with side effects will be unsafe.

For more information on inline functions, see inline, __inline.

For backward compatibility, all preprocessor facilities that existed in ANSI C and in
earlier C++ specifications are preserved for Microsoft C++.
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Predefined Macros

The compiler recognizes six predefined ANSI C macros (see Table 1.1), and the
Microsoft C++ implementation provides several more (see Table 1.2). These macros
take no arguments and cannot be redefined. Their value (except for __LINE__ and
__FILE__) must be constant throughout compilation. Some of the predefined macros
listed below are defined with multiple values. Their values can be set by selecting the
corresponding option in the development environment, or by using a command-line
switch. See the tables below for more information.

Table 1.1 ANSI Predefined Macros

Macro Description

__DATE__ The compilation date of the current source file. The date is a string

literal of the form Mmm dd yyyy. The month name Mmun is the
same as for dates generated by the library function asctime

declared in TIME.H.

__FILE__ The name of the current source file. __FILE__ expands to a string
surrounded by double quotation marks.

__LINE__ The line number in the current source file. The line number is a
decimal integer constant. It can be altered with a #line directive.

__STDC__ Indicates full conformance with the ANSI C standard. Defined as

the integer constant 1 only if the /Za compiler option is given and
you are not compiling C++ code; otherwise is undefined.

__TIME__ The most recent compilation time of the current source file. The
time is a string literal of the form hh:mm:ss.
__TIMESTAMP__ The date and time of the last modification of the current source

file, expressed as a string literal in the form Ddd Mmm Date
hh:mm:ss yyyy, where Ddd is the abbreviated day of the week
and Date is an integer from 1 to 31.

Table 1.2 Microsoft-Specific Predefined Macros

Macro Description

_CHAR_UNSIGNED Default char type is unsigned. Defined when /J is specified.

__cplusplus Defined for C++ programs only.
_CPPRTTI Defined for code compiled with /GR (Enable Run-Time Type
] Information).

_CPPUNWIND Defined for code compiled with /GX (Enable Exception Handling).
_DLL Defined when /MD or /MDd (Multithread DLL) is specified.
_M_ALPHA Defined for DEC ALPHA platforms. It is defined as 1 by the

' ALPHA compiler, and it is not defined if another compiler is used.
_M_IX86 - Defined for x86 processors. See Table 1.3 for more details.
_M_MPPC Defined for Power Macintosh platforms. Default is 601 (/QP601).

See Table 1.4 for more details.
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Table 1.2 Microsoft-Specific Predefined Macros (continued)

Macro Description

_M_MRX000 Defined for MIPS platforms. Default is 4000 (/QMR4000).
See Table 1.5 for more details.

_M_PPC Defined for PowerPC platforms. Default is 604 (/QP604).
See Table 1.6 for more details.

_MFC_VER Defines the MFC version. Defined as 0x0421 for Microsoft
Foundation Class Library 4.21. Always defined.

_MSC_VER Defines the compiler version. Defined as 1100 for Microsoft
Visual C++™ 5.0. Always defined.

_MT Defined when /MD or /MDd (Multithreaded DLL) or /MT
or /MTd (Multithreaded) is specified.

_WIN32 Defined for applications for Win32®. Always defined.

As shown in following tables, the compiler generates a value for the preprocessor
identifiers that reflect the processor option specified.

Table 1.3  Values for _M_IX86

Option in Developer Command-Line Resulting Value

Studio Option

Blend /GB _M_IX86 = 500 (Default. Future compilers
will emit a different value to reflect the
dominant processor.)

Pentium IG5 _M_IX86 =500

Pentium Pro /1G6 _M_IX86 = 600

80386 1G3 _M_IX86 = 300

80486 1G4 _M_IX86 =400

Table 1.4 Values for _M_MPPC

Option in development Command-Line Resulting Value

environment Option

PowerPC 601 /QP601 _M_MPPC =601 (Default)
PowerPC 603 /QP603 _M_MPPC =603

PowerPC 604 /QP604 ' _M_MPPC = 604

PowerPC 620 /QP620 _M_MPPC = 620

Table 1.5 Values for _M_MRX000

Option in Developer Command-Line Resulting Value

Studio Option

R4000 JQMRA000 _M_MRYX000 = 4000 (Default)
R4100 /QMR4100 _M_MRXO000 = 4100

(continued)
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Table 1.5 Values for _M_MRX000 (continued)

Option in Developer Command-Line Resulting Value

Studio Option

R4200 /QMR4200 _M_MRX000 = 4200
R4400 /QMR4400 _M_MRX000 = 4400
R4600 /QMR4600 _M_MRX000 = 4600
R10000 /QMR10000 _M_MRX000 = 10000
Table 1.6 Values for _M_PPC

Option in Developer Command-Line Resulting Value

Studio Option

PowerPC 601 /QP601 _M_PPC =601
PowerPC 603 /QP603 _M_PPC =603
PowerPC 604 /QP604 _M_PPC =604 (Default)
PowerPC 620 /QP620 _M_PPC = 620



Syntax

CHAPTER 2

Pragma Directives

Each implementation of C and C++ supports some features unique to its host machine
or operating system. Some programs, for instance, need to exercise precise control
over the memory areas where data is placed or to control the way certain functions
receive parameters. The #pragma directives offer a way for each compiler to offer
machine- and operating-system—specific features while retaining overall compatibility
with the C and C++ languages. Pragmas are machine- or operating-system—specific
by definition, and are usually different for every compiler.

#pragma token-string

The token-string is a series of characters that gives a specific compiler instruction and
arguments, if any. The number sign (#) must be the first non-white-space character on
the line containing the pragma; white-space characters can separate the number sign
and the word pragma. Following #pragma, write any text that the translator can parse
as preprocessing tokens. The argument to #pragma is subject to macro expansion.

If the compiler finds a pragma it does not recognize, it issues a warning, but
compilation continues.

Pragmas can be used in conditional statements, to provide new preprocessor
functionality, or to provide implementation-defined information to the compiler.
The C and C++ compilers recognize the following pragmas:

alloc_text comment init_seg' ; optimize

auto_inline component inline_depth pack

bss_seg data_seg inline_recursion pointers_to_members'
check_stack function intrinsic setlocale

code_seg hdrstop message vtordisp'

const_seg include_alias once warning

! Supported only by the C++ compiler.
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Pragmas Specific to the C++ Compiler
The following pragma directives are specific to the C++ compiler:
o init_seg
e pointers_to_members

o vtordisp

init_seg
C++ Specific —
#pragma init_seg( { compiler | lib | user | "'section-name" [, "'func-name"]})

Specifies a keyword or code section that affects the order in which startup code is
executed. Because initialization of global static objects can involve executing code,
you must specify a keyword that defines when the objects are to be constructed. It is
particularly important to use the init_seg pragma in dynamic-link libraries (DLLs)
or libraries requiring initialization.

The options to the init_seg pragma are:
compiler Reserved for Microsoft C run-time library initialization. Objects in this
group are constructed first.

lib Available for third-party class-library vendors’ initializations. Objects
in this group are constructed after those marked as compiler but before any
others.

user Available to any user. Objects in this group are constructed last.

section-name Allows explicit specification of the initialization section.
Objects in a user-specified section-name are not implicitly constructed;
however, their addresses are placed in the section named by
section-name.

func-name Specifies a function to be called in place of exit() when the program exits.
The function specified must have the same signature as the exit function:

int funcname(void (_ _cdecl *)(void));
If you need to defer initialization (for example, in a DLL), you may choose to specify
the section name explicitly. You must then call the constructors for each static object.

END C++ Specific

pointers_to_members

C++ Specific >
#pragma pointers_to_members( pointer-declaration,
[most-general-representation] )
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Specifies whether a pointer to a class member can be declared before its associated
class definition and is used to control the pointer size and the code required to
interpret the pointer. You can place a pointers_to_members pragma in your source
file as an alternative to using the /vmx compiler options.

The pointer-declaration argument specifies whether you have declared a pointer to a
member before or after the associated function definition. The pointer-declaration
argument is one of the following two symbols:

Argument Comments

full_generality Generates safe, sometimes nonoptimal code. You use
full_generality if any pointer to a member is declared
before the associated class definition. This argument
always uses the pointer representation specified by the
most-general-representation argument. Equivalent to /vmg.

Best_case Generates safe, optimal code using best-case representation
for all pointers to members. Requires defining the class
before declaring a pointer to a member of the class. The
default is best_case.

The most-general-representation argument specifies the smallest pointer
representation that the compiler can safely use to reference any pointer to a member
of a class in a translation unit. The argument can be one of the following:

Argument Comments

single_inheritance The most general representation is single-inheritance,
pointer to a member function. Causes an error if the
inheritance model of a class definition for which a pointer
to a member is declared is ever either multiple or virtual.

Multiple_inheritance The most general representation is multiple-inheritance,
pointer to a member function. Causes an error if the
inheritance model of a class definition for which a pointer
to a member is declared is virtual.

Virtual_inheritance The most general representation is virtual-inheritance,
pointer to a member function. Never causes an error.
This is the default argument when #pragma
pointers_to_members(full_generality) is used.

END C++ Specific

vtordisp

C++ Specific —»

#pragma vtordisp( {on | off} )

Enabies the addition of the hidden vtordisp construction/destruction dispiacement
member. The vtordisp pragma is applicable only to code that uses virtual bases. If a
derived class overrides a virtual function that it inherits from a virtual base class, and
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if a constructor or destructor for the derived class calls that function using a pointer to
the virtual base class, the compiler may introduce additional hidden “vtordisp” fields
into classes with virtual bases.

The vtordisp pragma affects the layout of classes that follow it. The /vd0 and /vd1
options specify the same behavior for complete modules. Specifying off suppresses
the hidden vtordisp members. Specifying on, the default, enables them where they are
necessary. Turn off vtordisp only if there is no possibility that the class’s constructors
and destructors call virtual functions on the object pointed to by the this pointer.

#fpragma vtordisp( off )
class GetReal : virtual public { ... };
#fpragma vtordisp( on )

END C++ Specific

C and C++ Compiler Pragmas

34

The following pragmas are defined for both the C and C++ compilers:

alloc_text component init_seg' optimize

auto_inline const_seg inline_depth pack

bss_seg data_seg inline_recursion pointers_to_members1
check_stack function intrinsic setlocale

code_seg hdrstop message vtordisp'

comment include_alias once warning

! Supported only by the C++ compiler.

alloc_text

#pragma alloc_text( "textsection", functionl, ...)

Names the code section where the specified function definitions are to reside. The
pragma must occur between a function declarator and the function definition for the
named functions.

The alloc_text pragma does not handle C++ member functions or overloaded
functions. It is applicable only to functions declared with C linkage—that is,
functions declared with the extern ''C" linkage specification. If you attempt to
use this pragma on a function with C++ linkage, a compiler error is generated.

Since function addressing using __based is not supported, specifying section
locations requires the use of the alloc_text pragma. The name specified by textsection
should be enclosed in double quotation marks.

The alloc_text pragma must appear after the declarations of any of the specified
functions and before the definitions of these functions.

Functions referenced in an alloc_text pragma should be defined in the same module
as the pragma. If this is not done and an undefined function is later compiled into a
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different text section, the error may or may not be caught. Although the program will
usually run correctly, the function will not be allocated in the intended sections.

Other limitations on alloc_text are as follows:

o It cannot be used inside a function.

o It must be used after the function has been declared, but before the function has
been defined.

auto_inline

#pragma auto_inline( [{on | off}])

Excludes any functions defined within the range where off is specified from being
considered as candidates for automatic inline expansion. To use the auto_inline
pragma, place it before and immediately after (not in) a function definition. The

pragma takes effect at the first function definition after the pragma is seen. Pragma
auto_inline does not apply to explicit inline functions.

bss_seg
#pragma data_seg( ['section-name"[, "'section-class"1])
Specifies the default section for unitialized data. The data_seg pragma has the same

effect but works with initialized or unitialized data. In some cases, you can use
bss_seg to speed up your load time by putting all unitialized data in one section.

fipragma bss_seg( "MY_DATA" )

causes uninitialized data allocated following the #pragma statement to be placed in a
section called MY_DATA.

Data allocated using the bss_seg pragma does not retain any information about its
location.

The second parameter, section-class, is included for compatibilty with versions of
Visual C++ prior to version 2.0, and is now ignored.

check_stack
#pragma check_stack( [{on | off}])

#pragma check_stack {+ |-}

Instructs the compiler to turn off stack probes if off (or —) is specified, or to turn on
stack probes if on (or +) is specified. If no argument is given, stack probes are treated
according to the default. This pragma takes effect at the first function defined after the
pragma is seen. Stack probes are not a part of macros nor of functions that are
generated inline.

If you don’t give an argument for the check_stack pragma, stack checking reverts to
the behavior specified on the command line. For more information, see “Compiler
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Reference” in Visual C++ Programmer’s Guide online. The interaction of the
#pragma check_stack and the /Gs option is summarized in Table 2.1.

Table 2.1 Using the check_stack Pragma

Syntax Compiled with Action

IGs option?
#pragma check_stack() or Yes Turns off stack checking for
#pragma check_stack functions that follow
#pragma check_stack() or No Turns on stack checking for
#pragma check_stack functions that follow
#pragma check_stack(on) or Yes or no Turns on stack checking for
#pragma check_stack + functions that follow
#pragma check_stack(off) or Yes or no Turns off stack checking for
#pragma check_stack — functions that follow
code_seg

#pragma code_seg( ['section-name"'[," section-class"] 1)

Specifies a code section where functions are to be allocated. The code_seg pragma
specifies the default section for functions. You can, optionally, specify the class as
well as the section name. Using #pragma code_seg without a section-name string
resets allocation to whatever it was when compilation began.

const_seg

#pragma const_seg( ['section-name''[, "'section-class"']])

Specifies the default section for constant data. The data_seg pragma has the same
effect but works with all data. You can use this pragma to put all your constant data
in one read-only section.

Jipragma const_seg( "MY_DATA" )

causes constant data allocated following the #pragma statement to be placed in a
section called MY_DATA.

Data allocated using the const_seg pragma does not retain any information about its
location.

The second parameter, section-class, is included for compatibilty with versions of
Visual C++ prior to version 2.0, and is now ignored.

comment
#pragma comment( comment-type [, commentstring])
Places a comment record into an object file or executable file. The comment-type is

one of five predefined identifiers, described below, that specify the type of comment
record. The optional commentstring is a string literal that provides additional
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information for some comment types. Because commentstring is a string literal, it
obeys all the rules for string literals with respect to escape characters, embedded
quotation marks (''), and concatenation.

compiler Places the name and version number of the compiler in the object file. This
comment record is ignored by the linker. If you supply a commentstring parameter
for this record type, the compiler generates a warning.

exestr Places commentstring in the object file. At link time, this string is placed in
the executable file. The string is not loaded into memory when the executable file
is loaded; however, it can be found with a program that finds printable strings in
files. One use for this comment-record type is to embed a version number or
similar information in an executable file.

lib Places a library-search record in the object file. This comment type must be
accompanied by a commentstring parameter containing the name (and possibly the
path) of the library that you want the linker to search. Since the library name
precedes the default library-search records in the object file, the linker searches for
this library just as if you had named it on the command line. You can place multiple
library-search records in the same source file; each record appears in the object file
in the same order in which it is encountered in the source file.

linker Places a linker option in the object file. You can use this comment-type to
specify a linker option instead placing the option on the Link tab of the Project
Settings dialog box. For example, you can specity the /include option to force the
inclusion of a symbol:

f#ipragma comment(linker, "/include: _ _mySymbol")

. user Places a general comment in the object file. The commentstring parameter
contains the text of the comment. This comment record is ignored by

the linker.

The following pragma causes the linker to search for the EMAPILIB library while
linking. The linker searches first in the current working directory and then in the path
specified in the LIB environment variable.

#pragma comment( 1ib, "emapi” )

‘The following pragma causes the compiler to place the name and version number of
the compiler in the object file:

J#ipragma comment( compiler )

Note For comments that take a commentstring parameter, you can use a macro in any place
where you would use a string literal, provided that the macro expands to a string literal. You can
also concatenate any combination of string literals and macros that expand to string literals. For
example, the following statement is acceptable:

#ioragma comment( user, "Compiled on " _ _DATE_ _ " at " _ _TIME_ _ )
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component

#pragma component( browser, { on | off }[, references [, name 1] )
#pragma component( minrebuild, on | off )

Controls the collecting of browse information or dependency information from within
source files. ‘

You can turn collecting on or off, and you can specify particular names to be ignored
as information is collected. '

Using on or off controls the collection of browse information from the pragma
forward. For example:

{#ipragma component(browser, off)
stops the compiler from collecting browse information.

Note To turn on the collecting of browse information with this pragma, browse information
must first be enabled from the Project Settings dialog box or the command line.

The references option can be used with or without the name argument. Using
references without name turns on or off the collecting of references (other browse
information continues to be collected, however). For example:

#ipragma component(browser, off, references)
stops the compiler from collecting reference information.

Using references with name and off prevents references to name from appearing in
the browse information window. Use this syntax to ignore names and types you are
not interested in and to reduce the size of browse information files. For example:

#fpragma component(browser, off, references, DWORD)

ignores references to DWORD from that point forward. You can turn collecting of
references to DWORD back on by using on:

{lpragma component(browser, on, references, DWORD)

This is the only way to resume collecting references to name; you must explicitly turn
on any. name that you have turned off.

To prevent the preprocessor from expanding name (such as expanding NULL to 0),
put quotes around it:

{fpragma component(browser, off, references, "NULL")

The Visual C++ minimal rebuild feature requires that the compiler create and store
C++ class dependency information, which takes disk space. To save disk space, you
canuse #pragma component( minrebuild, off ) whenever you don’t need to
collect dependency information, for instance, in unchanging header files. Insert
fipragma component(minrebuild, on) after unchanging classes to turn
dependency collection back on.
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data_seg

#pragma data_seg( ['section-name"'[, "'section-class'']])
Specifies the default section for data. For example:
fipragma data_seg( "MY_DATA" )

causes data allocated following the #pragma statement to be placed in a section called
MY_DATA.

Data allocated using the data_seg pragma does not retain any information about its
location.

The second parameter, section-class, is included for compatibilty with versions of
Visual C++ prior to version 2.0, and is now ignored.

function
#pragma function( functionl! [, function2, ...])

Specifies that calls to functions specified in the pragma’s argument list be generated.
If you use the intrinsic pragma (or /Oi) to tell the compiler to generate intrinsic
functions (intrinsic functions are generated as inline code, not as function calls),
you can use the function pragma to explicitly force a function call. Once a function
pragma is seen, it takes effect at the first function definition containing a specified
intrinsic function. The effect continues to the end of the source file or to the
appearance of an intrinsic pragma specifying the same intrinsic function. The
function pragma can be used only outside of a function—at the global level.

For lists of the functions that have intrinsic forms, see “intrinsic” on page 42.

hdrstop
#pragma hdrstop [( "filename"' )]
Controls the way precompiled headers work. The filename is the name of the

precompiled header file to use or create (depending on whether /Yu or /Yc is
specified). If filename does not contain a path specification, the precompiled header

file is assumed to be in the same directory as the source file. Any filename is ignored

when /YX, the automatic precompiled header option, is specified.

If a C or C++ file contains a hdrstop pragma when compiled with either /YX or /Yc,
the compiler saves the state of the compilation up to the location of the pragma. The
compiled state of any code that follows the pragma is not saved.

The hdrstop pragma cannot occur inside a header file. It must occur in the source file
at the file level; that is, it cannot occur within any data or function declaration or
definition.

Note The hdrstop pragma is ignored unless either the /YX option is specified or the /Yu or /Yc
option is specified without a filename.
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Use filename to name the precompiled header file in which the compiled state is
saved. A space between hdrstop and filename is optional. The filename specified in
the hdrstop pragma is a string and is therefore subject to the constraints of any C or
C++ string. In particular, you must enclose it in quotation marks as shown in the
following example:

fipragma hdrstop( "c:\projects\include\myinc.pch" )

The name of the precompiled header file is determined according to the following
rules, in order of precedence:

1. The argument to the /Fp compiler option
2. The filename argument to #pragma hdrstop
3. The base name of the source file with a .PCH extension

include_alias

#pragma include_alias( "'long_filename", "short_filename' )
#pragma include_alias( <long_filename>, <short_filename>)

Specifies that short_filename is to be used as an alias for long_filename. Some file
systems allow longer header filenames than the 8.3 FAT file system limit. The
compiler cannot simply truncate the longer names to 8.3, because the first eight
characters of the longer header filenames may not be unique. Whenever the compiler
encounters the long_filename string, it substitutes short_filename, and looks for the
header file short_filename instead. This pragma must appear before the corresponding
#include directives. For example:

// First eight characters of these two files not unique.
f#fpragma include_alias( "AppleSystemHeaderQuickdraw.h", "quickdra.h" )
f#fpragma include_alias( "AppleSystemHeaderFruit.h", "fruit.h" )

f#ipragma include_alias( "GraphicsMenu.h", "gramenu.h" )

f#Hinclude "AppleSystemHeaderQuickdraw.h"
#Finclude "AppleSystemHeaderFruit.h”
#include "GraphicsMenu.h"

The alias being searched for must match the specification exactly, in case as well as in
spelling and in use of double quotation marks or angle brackets. The include_alias
pragma performs simple string matching on the filenames; no other filename
validation is performed. For example, given the following directives,

f#fpragma include_alias("mymath.h™, "math.h")
f#Finclude "./mymath.h"
f#Hinclude "sys/mymath.h"

no aliasing (substitution) is performed, since the header file strings do not match
exactly. Also, header filenames used as arguments to the /Yu, /Yc, and /YX compiler
options, or the hdrstop pragma, are not substituted. For example, if your source file
contains the following directive,
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ftinclude <AppleSystemHeaderStop.h>
the corresponding compiler option should be
/YcAppleSystemHeaderStop.h

You can use the include_alias pragma to map any header filename to another. For
example:

fipragma include_alias( "api.h", "c:\versionl.®\api.h" )

#fpragma- include_alias( <stdio.h>, <newstdio.h> )

finclude "api.h"”

fHinclude <stdio.h>

Do not mix filenames enclosed in double quotation marks with filenames enclosed in
angle brackets. For example, given the above two #pragma include_alias directives,
the compiler performs no substitution on the following #include directives:

#include <api.h>
“#include "stdio.h"

Furthermore, the following directive generates an error:
f#fpragma include_alias(<header.h>, "header.h™) // Error

Note that the filename reported in error messages, or as the value of the predefined
__FILE__ macro, is the ame of the file after the substitution has been performed. For
example, after the following directives,

#pragma include_alias( "VeryLongFileName.H", "myfile.h" )
f#include "VerylLongFileName.H"

an error in VERYLONGFILENAME.H produces the following error message:
myfile.h(15) : error C2059 : syntax error
Also note that transitivity is not supported. Given the following directives,

#fpragma include_alias( "one.h", “two.h" )
#fpragma include_alias( "two.h", "three.h" )
ftinclude "one.h"

the compiler searches for the file TWO.H rather than THREE.H.

inline_depth
#pragma inline_depth( [0... 255])

Controls the number of times inline expansion can occur by controlling the number
of times that a series of function calls can be expanded (from 0 to 255 times). This
pragma controls the inlining of functions marked inline and __inline or inlined
automatically under the /Ob2 option.

> o STIIL 18193 Lalls L

be expanded. For example, if the inline depth is four, and if A calls B and B then calls
C, all three calls will be expanded inline. However, if the closest inline expansion is
two, only A and B are expanded, and C remains as a function call.

The inline_denth nragma controls the number of times a series of function calls can
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To use this pragma, you must set the /Ob compiler option to 1 or 2. The depth set
using this pragma takes effect at the first function call after the pragma. If you do not
specify a value within the parentheses, inline_depth sets the inline depth back to its
default value of 8.

The inline depth can be decreased during expansion but not increased. If the inline
depth is six and during expansion the preprocessor encounters an inline_depth
pragma with a value of eight, the depth remains six.

An inline depth of 0 inhibits inline expansion; an inline depth of 255 places no limit

on inline expansion. If either pragma is used without specifying a val_ue, the default
value is used.

inline_recursion

#pragma inline_recursion( [{on | off}])

Controls the inline expansion of direct or mutually recursive function calls. Use this
pragma to control functions marked as inline and _ _inline or functions that the
compiler automatically expands under the /Ob2 option. Use of this pragma requires
an /Ob compiler option setting of either 1 or 2. The default state for inline_recursion

- is off. This pragma takes effect at the first function call after the pragma is seen and

does not affect the definition of the function.

The inline_recursion pragma controls how recursive functions are expanded. If
inline_recursion is off, and if an inline function calls itself (either directly or
indirectly), the function is expanded only once. If inline_recursion is on, the function
is expanded multiple times until the value of inline_depth is reached or capacity
limits are reached.

intrinsic

#pragma intrinsic( functionl [, function2, ...])

Specifies that calls to functions specified in the pragma’s argument list are intrinsic.
The compiler generates intrinsic functions as inline code, not as function calls. The
library functions with intrinsic forms are listed below. Once an intrinsic pragma is
seen, it takes effect at the first function definition containing a specified intrinsic
function. The effect continues to the end of the source file or to the appearance of a

function pragma specifying the same intrinsic function. The intrinsic pragma can be
used only outside of a function definition—at the global level.

The following functions have intrinsic forms:

_disable _outp abs strcat
_enable _outpw fabs stremp
_inp _rotl labs strepy
_inpw _rotr mememp strlen
_lrotl _strset memcpy

_Irotr memset
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Programs that use intrinsic functions are faster because they do not have the
overhead of function calls but may be larger due to the additional code
generated.

Note The _alloca and setjmp functions are always generated inline; this behavior is not
affected by the intrinsic pragma.

The floating-point functions listed below do not have true intrinsic forms. Instead
they have versions that pass arguments directly to the floating-point chip rather than
pushing them onto the program stack:

acos cosh pow tanh
asin fmod sinh
The floating-point functions listed below have true intrinsic forms when you specify

both the /Oi and /Og compiler options (or any option that includes /Og: /Ox, /O1,
and /02):

atan exp log10 sqrt
atan2 log sin tan
cos »

You can use the /Op or /Za compiler option to override generation of true intrinsic
floating-point options. In this case, the functions are generated as library routines that
pass arguments directly to the floating-point chip instead of pushing them onto the
program stack.

message

#pragma message( messagestring )

Sends a string literal to the standard output without terminating the compilation. A
typical use of the message pragma is to display informational messages at compile
time.

The following code fragment uses the message pragma to display a message during
compilation:

#if _M_IX86 == 500 ffpragma message( "Pentium processor" ) ffendif
The messagestring parameter can be a macro that expands to a string literal, and you
can concatenate such macros with string literals in any combination. For example, the

following statements display the name of the file being compiled and the date and
time when the file was last modified:

#fpragma message( "Compiling " _ _FILE_ )
#pragma message( "Last modified on " _ TIMESTAMP_ )
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once
#pragma once

Specifies that the file, in which the pragma resides, will be included (opened) only
once by the compiler in a build. A common use for this pragma is the following:
//header.h

{fpragma once
// Your C or C++ code would follow:

optimize
#pragma optimize( " [optimization-list]", {on | off} )
Feature Only in Professional and Enterprise Editions Code optimization is supported only

in Visual C++ Professional and Enterprise Editions. For more information, see “Visual C++
Editions” in the online documentation.

Specifies optimizations to be performed on a function-by-function basis. The
optimize pragma must appear outside a function and takes effect at the first function
defined after the pragma is seen. The on and off arguments turn options specified in
the optimization-list on or off.

The optimization-list can be zero or more of the parameters shown in Table 2.2.

Table 2.2 Parameters of the optimize Pragma

Parameter(s) Type of optimization

a Assume no aliasing.

g Enable global optimizations.

P Improve floating-point consistency.

sort Specify short or fast sequences of machine code.
w Assume no aliasing across function calls.

y Generate frame pointers on the program stack.

These are the same letters used with the /O compiler options. For example,
#fpragma optimize( "atp", on )

Using the optimize pragma with the empty string ("' ") is a special form of the
directive. It either turns off all optimizations or restores them to their original
(or default) settings.

f#fpragma optimize( "", off )

ffpragma optimize( "", on )
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pack
#pragma pack( [n])

Specifies packing alignment for structure and union members. Whereas the packing
alignment of structures and unions is set for an entire translation unit by the /Zp
option, the packing alignment is set at the data-declaration level by the pack pragma.
The pragma takes effect at the first structure or union declaration after the pragma is
seen; the pragma has no effect on definitions.

When you use #pragma pack(n), where n is 1, 2, 4, 8, or 16, each structure member
after the first is stored on the smaller member type or n-byte boundaries. If you use
#pragma pack without an argument, structure members are packed to the value
specified by /Zp. The default /Zp packing size is /Zp8.

The compiler also supports the following enhanced syntax:

#pragma pack( [[ {pushlpop}, ][identifier,1]1[n])

This syntax allows you to combine program components into a single translation unit
if the different components use pack pragmas to specify different packing alignments.

Each occurrence of a pack pragma with a push argument stores the current packing
alignment on an internal compiler stack. The pragma’s argument list is read from left
to right. If you use push, the current packing value is stored. If you provide a value
for n, that value becomes the new packing value. If you specify an identifier, a name
of your choosing, the identifier is associated with the new packing value.

Each occurrence of a pack pragma with a pep argument retrieves the value at the top
of an internal compiler stack and makes that value the new packing alignment. If you
use pop and the internal compiler stack is empty, the alignment value is that set from
the command-line and a warning is issued. If you use pop and specify a value for n,
that value becomes the new packing value. If you use pop and specify an identifier,
all values stored on the stack are removed from the stack until a matching identifier is
found. The packing value associated with the identifier is also removed from the stack
and the packing value that existed just before the identifier was pushed becomes the
new packing value. If no matching identifier is found, the packing value set from the
command line is used and a level-one warning is issued. The default packing
alignment is 8.

The new, enhanced functionality of the pack pragma allows you to write header files
that ensure that packing values are the same before and after the header file is
encountered:

/* File name: includel.h

*/
#ipragma pack( push, enter_includel )
* Your include-file code ... */

fipragma pack( pop, enter_includel )
/* End of includel.h */
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In the previous example, the current pack value is associated with the identifier
enter_includel and pushed, remembered, on entry to the header file. The pack
pragma at the end of the header file removes all intervening pack values that
may have occurred in the header file and removes the pack value associated with
enter_includel. The header file thus ensures that the pack value is the same
before and after the header file.

The new functionality also allows you to use code, such as header files, that uses
pack pragmas to set packing alignments that differ from the packing value set in
your code:

#ipragma pack( push, before_includel )
f#include "includel.h"
fipragma pack( pop, before_includel )

In the previous example, your code is protected from any changes to the packing
value that might occur in include.h.

setlocale

#pragma setlocale( "locale-string"' )

Defines the locale (country and language) to be used when translating wide-character
constants and string literals. Since the algorithm for converting multibyte characters
to wide characters may vary by locale or the compilation may take place in a different
locale from where an executable file will be run, this pragma provides a way to
specify the target locale at compile time. This guarantees that the wide-character
strings will be stored in the correct format. The default locale-string is "C". The "'C"
locale maps each character in the string to its value as a wehar_t (unsigned short).

warning
#pragma warning( warning-specifier : warning-number-list [,warning-specifier :
warning-number-list...])

Allows selective modification of the behavior of compiler warning messages.

The warning-specifier can be one of the following:

Warning-specifier Meaning
_once Display the specified message(s) only once.

Deiault Apply the default compiler behavior to the specified
message(s).

1,2,3,4 Apply the given warning level to the specified
warning message(s).

disable Do not issue the specified warning message(s).

error Report the specified warnings as errors.
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The warning-number-list can contain any warning numbers. Multiple options can be
specified in the same pragma directive as follows:

ffpragma warning( disable : 45087 34; once : 4385; error : 164 )
This is functionally equivalent to:

ffpragma warning( disable : 4507 34 ) // Disable warning messages
/! 4507 and 34.

#fpragma warning( once : 4385 ) // Issue warning 4385
// only once.
f#fpragma warning( error : 164 ) // Report warning 164

// as an error.

For warning numbers greater than 4699, those associated with code generation, the
warning pragma has effect only when placed outside function definitions. The
pragma is ignored if it specifies a number greater than 4699 and is used inside a
function. The following example illustrates the correct placement of warning pragmas
to disable, and then restore, the generation of a code-generation warning message:
int a;
ffpragma warning( disable : 4705 )
void func()
{

a;
)
fipragma warning( default : 4705 )
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APPENDIX

Grammar Summary

This appendix describes the formal grammar of the preprocessor. It covers the syntax
of preprocessing directives and operators discussed in Chapter 1, “The Preprocessor,”
and Chapter 2, “Pragma Directives.”

The following topics are included:
e Definitions
¢ Conventions

e Preprocessor Grammar

Definitions for the Grammar Summary

Terminals are endpoints in a syntax definition. No other resolution is possible.
Terminals include the set of reserved words and user-defined identifiers.

Nonterminals are placeholders in the syntax. Most are defined elsewhere in this syntax
summary. Definitions can be recursive. The following nonterminals are defined in the
“Grammar Summary” of the C++ Language Reference:

constant, constant-expression, identifier, keyword, operator, punctuator

An optional component is indicated by the subscripted . For example, the following
indicates an optional expression enclosed in curly braces:

{ expressiongy }
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Conventions

The conventions use different font attributes for different components of the syntax.
The symbols and fonts are as follows:

Attribute Description
nonterminal Italic type indicates nonterminals.
#include Terminals in bold type are literal reserved words and symbols

that must be entered as shown. Characters in this context are
always case sensitive.

opt Nonterminals followed by o, are always optional.

default typeface Characters in the set described or listed in this typeface can be
used as terminals in statements.

A colon (:) following a nonterminal introduces its definition. Alternative definitions
are listed on separate lines. '

Preprocessor Grammar
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#define identifier token-stringy
#define identifier[( identifiercy, ..., identifieryy )] token-stringy
defined( identifier )

_ defined identifier

#include "path-spec"

#include <path-spec>

#line digit-sequence "filename" o,
#undef identifier
#error token-string
#pragma token-string
conditional:
if-part elif-partsyy else-partyy endif-line
if-part:
if-line text
if-line:
#f constant-expression

#ifdef identifier
#ifndef identifier



Preprocessor Grammar

elif-parts:

elif-line text

elif-parts elif-line text
elif-line:

#elif constant-expression

else-part:
else-line text

else-line:
#else
endif-line:
#endif
_digit-sequence:
digit
digit-sequence digit
digit: one of
0123456789
token-string:
String of tokens

token:
keyword
identifier
constant
operator
punctuator
filename:
Legal operating system filename
path-spec:
Legal file path
text.

Any sequence of text

Note The following nonterminals are expanded in Appendix A, “Grammar Summary,” of
the C++ Language Reference: constant, constant-expression, identifier, keyword, operator,
and punctuator. '
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defined preprocessor operator 8
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See also Macros
error See Error directives
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_DLL 28
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Header files See Include (.H) files
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#if preprocessor directive 6—10
#ifdef preprocessor directive 10-11
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include_alias pragma directive 40
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