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Purpose of this Article

As with my first Introduction to COM article, I have written this tutorial for programmers who are just
starting out in COM and need some help in understanding the basics. This article covers COM from the
server side of things, explaining the steps required to write your own COM interfaces and COM servers, as
well as detailing what exactly happens in a COM server when the COM library calls into it.

Introduction

If you've read my first Intro to COM article, you should be well-versed in what's involved in using COM as a
client. Now it's time to approach COM from the other side - the COM server. I'll cover how to write a COM
server from scratch in plain C++, with no class libraries involved. While this isn't necessarily the approach
usually taken nowadays, seeing all the code that goes into making a COM server - with nothing hidden
away in a pre-built library - is really the best way to fully understand everything that happens in the server.

This article assumes you are proficient in C++ and understand the concepts and terminology covered in the
first Intro to COM article. The sections in the article are:

Quick Tour of a COM Server - Describes the basic requirements of a COM server.
Server Lifetime Management - Describes how a COM server controls how long it remains loaded.

Implementing Interfaces, Starting With IUnknown - Shows how to write an implementation of an
interface in a C++ class, and describes the purpose of the | Unknown methods.

Inside CoCreatelInstance() - An overview of what happens when you call CoCr eat el nst ance() .

COM Server Registration - Describes the registry entries needed to properly register a COM server.

Creating COM Objects - The Class Factory - Describes the process of creating COM objects for your
client program to use.

A Sample Custom Interface - Some sample code that illustrates the concepts from the previous sections.
A Client to Use Our Server - Demonstrates a simple client app we can use to test our server.

Other Details - Notes on the source code and debugging.

Quick Tour of a COM Server

In this article, we'll be looking at the simplest type of COM server, an in-process server. "In-process" means
that the server is loaded into the process space of the client program. In-process (or "in-proc") servers are
always DLLs, and must be on the same computer as the client program.

An in-proc server must meet two criteria before it can be used by the COM library:
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1. It must be registered properly under the HKEY_ CLASSES ROOT\ CLSI D key.
2. It must export a function called DI | Get Cl assObj ect () .

This is the bare minimum you need to do to get an in-proc server working. A key with the server's GUID as
its name must be created under the HKEY_ CLASSES ROOT\ CLSI D key, and that key must contain a couple
of values listing the server's location and its threading model. The Dl | Get Cl assObj ect () function is
called by the COM library as part of the work done by the CoCr eat el nst ance() API.

There are three other functions that are usually exported as well:

e D | CanUnl oadNow() : Called by the COM library to see if the server may be unloaded from memory.

e DI | Regi st erServer () : Called by an installation utility like RegSvr32 to let the server register
itself.

e Dl I Unregi sterServer () : Called by an uninstallation utility to remove the registry entries created
by Dl | Regi st er Server ().

Of course, it's not enough to just export the right functions - they have to conform to the COM spec so that
the COM library and the client program can use the server.

Server Lifetime Management

One unusual aspect of DLL servers is that they control how long they stay loaded. "Normal" DLLs are
passive and are loaded/unloaded at the whim of the application using them. Technically, DLL servers are
passive as well, since they are DLLs after all, but the COM library provides a mechanism that allows a
server to instruct COM to unload it. This is done through the exported function DI | CanUnl oadNow( ) . The
prototype for this function is:

HRESULT DI | CanUnl oadNow() ;

When the client app calls the COM API CoFr eeUnusedLi brari es(), usually during its idle processing, the
COM library goes through all of the DLL servers that the app has loaded and queries each one by calling its
Dl | CanUnl oadNow( ) function. If a server needs to remain loaded, it returns S_FALSE. On the other hand,

if a server determines that it no longer needs to be in memory, it can return S_CK to have COM unload it.

The way a server tells if it can be unloaded is a simple reference count. An implementation of
D | CanUnl oadNow() might look like this:

extern U NT g_uDl | Ref Count; // server's reference count
HRESULT DI | CanUnl oadNow( )

return (g_uD I RefCount > 0) ? S FALSE : S K

I will cover how the reference count is maintained in the next section, once we get to some sample code.

Implementing Interfaces, Starting With IUnknown

Recall that every interface derives from | Unknown. This is because | Unknown covers two basic features of
COM objects - reference counting and interface querying. When you write a coclass, you also write an
implementation of | Unknown that meets your needs. Let's take as an example a coclass that just

implements | Unknown -- the simplest possible coclass you could write. We will implement | Unknown in a
C++ class called Cunknownl npl . The class declaration looks like this:

class CUnknownl nmpl : public | Unknown
{
public:

/I Construction and destruction

CUnknownl npl () ;

virtual ~CUnknownl npl ();

/I lUnknown methods

ULONG AddRef () ;

ULONG Rel ease) ();

HRESULT Querylnterface( REFIID riid, void** ppv );
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pr ot ect ed:
U NT m uRef Count; // object's reference count
b

The constructor and destructor

The constructor and destructor manage the server's reference count:

CUnknownl npl : : CUnknownl npl ()

{
m_uRef Count = O0;
g_uD | Ref Count ++;
}
CUnknownl npl : : ~CUnknownl npl ()
{
g_uD | Ref Count - -;
}

The constructor is called when a new COM object is created, so it increments the server's reference count to
keep the server in memory. It also initializes the object’'s reference count to zero. When the COM object is
destroyed, it decrements the server's reference count.

AddRef() and Release()

These two methods control the lifetime of the COM object. AddRef () is simple:

ULONG CUnknownl npl : : AddRef ()
{

}

return ++m uRef Count;

AddRef () simply increments the object's reference count, and returns the updated count.

Rel ease() is a bit less trivial:

ULONG CUnknownl npl : : Rel ease()

{
ULONG uRet = --m uRef Count;
if ( 0 == muRefCount ) //releasing lastreference?
delete this;
return uRet;
}

In addition to decrementing the object's reference count, Rel ease() destroys the object if it has no more
outstanding references. Rel ease() also returns the updated reference count. Notice that this
implementation of Rel ease() assumes that the COM object was created on the heap. If you create an
object on the stack or at global scope, things will go awry when the object tries to delete itself.

Now it should be clear why it's important to call AddRef () and Rel ease() properly in your client apps! If
you don't call them correctly, the COM objects you're using may be destroyed too soon, or not at all. And if
COM objects get destroyed too soon, that can result in an entire COM server being yanked out of memory,
causing your app to crash the next time it tries to access code that was in that server.

If you've done any multithreaded programming, you might be wondering about the thread-safety of using
++ and - - instead of I nt erl ockedl ncrenent () and I nterl ockedDecrenent (). ++ and - - are
perfectly safe to use in single-threaded servers, because even if the client app is multi-threaded and makes
method calls from different threads, the COM library serializes method calls into our server. That means
that once one method call begins, all other threads attempting to call methods will block until the first
method returns. The COM library itself ensures that our server will never be entered by more than one
thread at a time.
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Querylnterface()

Querylnterface(), or Q () for short, is used by clients to request different interfaces from one COM
object. Since our sample coclass only implements one interface, our Q () will be easy. Q () takes two
parameters: the IID of the interface being requested, and a pointer-sized buffer where Q () stores the
interface pointer if the query is successful.

HRESULT CUnknownl npl :: Querylnterface ( REFIID riid, void** ppv )

{

HRESULT hrRet = S_CK;

/I Standard QI() initialization - set *ppv to NULL.

*ppv = NULL;
/I If the client is requesting an interface we supp ort, set *ppv.
if ( IsEquallID ( riid, I'ID_IUnknown ))
{
*ppv = (I Unknown*) this;
el se
/l We don't support the interface the client is ask ing for.
hr Ret = E_NO NTERFACE;
}
/I'If we're returning an interface pointer, AddRef{( ) it.

if ( SSOK == hrRet )

{
( (I Unknown*) *ppv)->AddRef ();
}

return hrRet;

There are three different things done in Q () :

1. Initialize the passed-in pointer to NULL. [*ppv = NULL; ]

2. Testriid to see if our coclass implements the interface the client is asking for. [i f ( | sEqual I 1 D
( riid, 1'I'D_IUnknown ))]

3. If we do implement the requested interface, increment the COM object's reference count.
[( (I Unknown*) *ppv)->AddRef () ;]

Note that the AddRef () is critical. This line:
*ppv = (I Unknown*) this;

creates a new reference to the COM object, so we must call AddRef () to tell the object that this new
reference exists. The cast to | Unknown* in the AddRef () call may look odd, but in a non-trivial coclass' Q
(), *ppv may be something other than an | Unknown*, so it's a good idea to get in the habit of using that
cast.

Now that we've covered some internal details of DLL servers, let's step back and see how our server is used
when a client calls CoCr eat el nst ance() .

Inside CoCreatelInstance()

Back in the first Intro to COM article, we saw the CoCr eat el nst ance() API, which creates a COM object
when a client requests one. From the client's perspective, it's a black box. Just call CoCr eat el nst ance()
with the right parameters and BAM! you get a COM object back. Of course, there's no black magic involved;
a well-defined process happens in which the COM server gets loaded, creates the requested COM object,
and returns the requested interface.

Here's a quick overview of the process. There are a few unfamiliar terms here, but don't worry; I'll cover
everything in the following sections.

1. The client program calls CoCr eat el nst ance( ), passing the CLSID of the coclass and the IID of the
interface it wants.
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2. The COM library looks up the server's CLSID under HKEY_ CLASSES ROOT\ CLSI D. This key holds the
server's registration information.

3. The COM library reads the full path of the server DLL and loads the DLL into the client's process
space.

4. The COM library calls the DI | Get Cl assChj ect () function in the server to request the class factory
for the requested coclass.

5. The server creates a class factory and returns it from DI | Get Cl assCbj ect () .

6. The COM library calls the Cr eat el nst ance() method in the class factory to create the COM object

that the client program requested.
7. CoCreat el nst ance() returns an interface pointer back to the client program.

COM Server Registration

For anything else to work, a COM server must be properly registered in the Windows registry. If you look at
the HKEY_CLASSES ROOT\ CLSI D key, you'll see a ton of subkeys. HKCR\ CLSI D holds a list of every COM
server available on the computer. When a COM server is registered (usually via DI | Regi st er Server () ),
it creates a key under the CLSI D key whose name is the server's GUID in standard registry format. An
example of registry format is:

{067DF822- EAB6- 11cf - BS6E- 00A0244D5087}

The braces and hyphens are required, and letters can be either upper- or lower-case.

The default value of this key is a human-readable name for the coclass, which should be suitable for display
in a UI by tools like the OLE/COM Object Viewer that ships with VC.

More information can be stored in subkeys under the GUID key. Which subkeys you need to create depends
greatly on what type of COM server you have, and how it can be used. For the purposes of our simple in-
proc server, we only need one subkey: | nProcSer ver 32.

The | nProcSer ver 32 key contains two strings: the default value, which is the full path to the server DLL;
and a Thr eadi ngMbdel value that holds (what else?) threading model. Threading models are beyond the
scope of this article, but suffice it to say that for single-threaded servers, the model to use is Apart nent .

Creating COM Objects - The Class Factory

Back when we were looking at the client side of COM, I talked about how COM has its own language-
independent procedures for creating and destroying COM objects. The client calls CoCr eat el nst ance() to
create a new COM object. Now, we'll see how it works on the server side.

Every time you implement a coclass, you also write a companion coclass which is responsible for creating
instances of the first coclass. This companion is called the class factory for the coclass and its sole purpose
is to create COM objects. The reason for having a class factory is language-independence. COM itself
doesn't create COM objects, because that wouldn't be language- and implementation-independent.

When a client wants to create a COM object, the COM library requests the class factory from the COM
server. The class factory then creates the COM object which gets returned to the client. The mechanism for
this communication is the exported function Dl | Get Cl assChj ect () .

A quick sidebar is in order here. The terms "class factory" and "class object" actually refer to
the same thing. However, neither term accurately describes the purpose of the class factory,
since the factory creates COM objects, not COM classes. It may help you to mentally replace
"class factory" with "object factory." (In fact, MFC did this for real - its class factory
implementation is called CO e(bj ect Fact ory.) However, the official term is "class factory," so
that's what I'll use in this article.

When the COM library calls DI | Get Cl assObj ect (), it passes the CLSID that the client is requesting. The
server is responsible for creating the class factory for the requested CLSID and returning it. A class factory
is itself a coclass, and implements the | Cl assFact ory interface. If Dl | Get Cl assObj ect () succeeds, it

returns an | Cl assFact ory pointer to the COM library, which then uses | Cl assFact or y methods to
create an instance of the COM object the client requested.

The | C assFact ory interface looks like this:
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struct |Id assFactory : public | Unknown

HRESULT Creat el nstance( | Unknown* pUnkQuter, REFIID riid,
voi d** ppvQCbject );
HRESULT LockServer( BOOL flLock );

Creat el nst ance() is the method that creates new COM objects. LockSer ver () lets the COM library
increment or decrement the server's reference count when necessary.

A Sample Custom Interface

For an example of class factories at work, let's start taking a look at the article's sample project. It's a DLL
server that implements an interface | Si npl eMsgBox in a coclass called CSi npl eMsgBoxI npl .

The interface definition

Our new interface is called | Si npl eMsgBox. As with all interfaces, it must derive from | Unknown. There's
just one method, DoSi npl eMsgBox( ) . Note that it returns the standard type HRESULT. All methods you
write should have HRESULT as the return type, and any other data you need to return to the caller should
be done through pointer parameters.

struct | SinpleMsgBox : public | Unknown
{

/l lUnknown methods

ULONG AddRef () ;

ULONG Rel ease();

HRESULT Querylnterface( REFIID riid, void** ppv );

/I'1SimpleMsgBox methods
HRESULT DoSi nmpl eMsgBox( HWAD hwndPar ent, BSTR bsMessageText );
b

struct __decl spec(uui d("{7D51904D- 1645- 4a8c- BDEO- 0OF4A44FC38C4}"))
I Si npl eMsgBox;

(The __decl spec line assigns a GUID to the | Si npl eMsgBox symbol, and that GUID can later be
retrieved with the __uui dof operator. Both __decl spec and __uui dof are Microsoft C++ extensions.)

The second parameter of DoSi npl eMsgBox () is of type BSTR. BSTR stands for "binary string" - COM's
representation of a fixed-length sequence of bytes. BSTRs are used mainly by scripting clients like Visual
Basic and the Windows Scripting Host.

This interface is then implemented by a C++ class called CSi npl eMsgBox| npl . Its definition is:

cl ass CSi npl eMsgBoxI npl : public |ISinmpl eMsgBox

{
public:
CSi mpl eMsgBoxI npl () ;
virtual ~CSi npl eMsgBoxI npl ();
// lUnknown methods
ULONG AddRef () ;
ULONG Rel ease();
HRESULT Querylnterface( REFIID riid, void** ppv );

// 1SimpleMsgBox methods
HRESULT DoSi npl eMsgBox( HWAD hwndParent, BSTR bsMessageText );

pr ot ect ed:
ULONG m_uRef Count ;
I

class __decl spec(uui d("{7D51904E- 1645- 4a8c- BDEO- OF4A44FC38C4}"))
CSi mpl eMsgBox| npl ;

When a client wants to create a Si npl eMsgBox COM object, it would use code like this:
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I Si npl eMsgBox* pl MsgBox;

HRESULT hr;
hr = CoCreatel nstance( __uui dof (CSi npl eMsgBoxI npl ), // CLSID of the coclass
NULL, /I no aggregation
CLSCTX_| NPROC_SERVER, / the server is in-proc
__uui dof (I Si npl eMsgBox) , /I 1D of the interface
/I we want
(void**) &pl MsgBox ); // address of our

Il interface pointer

The class factory

Our class factory implementation

Our Si npl eMsgBox class factory is implemented in a C++ class called, imaginatively enough,
CSi npl eMsgBoxC assFactory:

cl ass CSi npl eMsgBoxC assFactory : public | assFactory

public:
CSi nmpl eMsgBoxCl assFactory();
virtual ~CSi npl eMsgBoxC assFactory();

/l lUnknown methods

ULONG AddRef () ;

ULONG Rel ease();

HRESULT Querylnterface( REFIID riid, void** ppv );

/I IClassFactory methods
HRESULT Createl nstance( | Unknown* pUnkQuter, REFIID riid, void** ppv );
HRESULT LockServer( BOOL flLock );

pr ot ect ed:
ULONG m_uRef Count ;
I

The constructor, destructor, and | Unknown methods are done just like the earlier sample, so the only new
things are the | Cl assFact ory methods. LockSer ver () is, as you might expect, rather simple:

HRESULT CSi npl eMsgBoxd assFactory: : LockServer ( BOOL fLock )

fLock ? g_uD I LockCount++ : g_uDi|LockCount--;
return S_OK;

Now for the interesting part, Cr eat el nst ance() . Recall that this method is responsible for creating new
CSi npl eMsgBoxI npl objects. Let's take a closer look at the prototype and parameters:

HRESULT CSi npl eMsgBoxC assFactory:: Createl nstance ( | Unknown* pUnkQuter,
REFI | D riid,
voi d** ppv );

pUnkQut er is only used when this new object is being aggregated, and points to the "outer" COM object,

that is, the object that will contain the new object. Aggregation is way beyond the scope of this article, and
our sample object will not support aggregation.

riidandppv are used just as in Queryl nterface() - they are the IID of the interface the client is
requesting, and a pointer-sized buffer to store the interface pointer.

Here's the Cr eat el nst ance() implementation. It starts with some parameter validation and initialization.

HRESULT CSi npl eMsgBoxC assFactory: : Createl nstance ( | Unknown* pUnkCuter,
REFI | D riid,
voi d** ppv )

/l We don't support aggregation, so pUnkOuter must be NULL.
if ( NULL != pUnkQuter )
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return CLASS E_NOAGGREGATI ON,

/I Check that ppv really points to a void*.

if ( IsBadWitePtr ( ppv, sizeof(void*) ))
return E_PO NTER

*ppv = NULL;

We've checked that the parameters are valid, so now we can create a new object.

CSi mpl eMsgBoxI mpl * pMsgbox;

/I Create a new COM object!
pMsghox = new CSi npl eMsgBoxI npl ;

if ( NULL == pMsgbox )
return E_OUTCFMEMORY;

Finally, we Q () the new object for the interface that the client is requesting. If the Q () fails, then the
object is unusable, so we delete it.

HRESULT hr Ret;

/I QI the object for the interface the client is re questing.
hr Ret = pMsgbox->Querylnterface ( riid, ppv );

/I If the QI failed, delete the COM obiject since th e client isn't able
/ to use it (the client doesn't have any interface pointers on the
/I object).

if ( FAILED(hrRet) )
del et e pMsgbox;

return hrRet;

DlIGetClassObject()

Let's take a closer look at the internals of DI | Get Cl assObj ect () . Its prototype is:

HRESULT DI | Get O assObj ect ( REFCLSID rclsid, REFIID riid, void** ppv );

rcl sidis the CLSID of the coclass the client wants. The function must return the class factory for that
coclass.

riidandppv are, again, like the parameters to Q () . In this case, riid is the IID of the interface that the
COM library is requesting on the class factory object. This is usually | | D_| C assFact ory.

Since DI | Get Cl ass(Ohj ect () creates a new COM object (the class factory), the code looks rather similar
to | O assFactory:: Creat el nst ance(). We start off with some validation and initialization.

HRESULT DI | Get O assObj ect ( REFCLSID rclsid, REFIID riid, void** ppv )
/I Check that the client is asking for the CSimpleM sgBoxImpl factory.
if ( !'InlinelsEqual QU D ( rclsid, __ uuidof(CSinpleMsgBoxlnmpl) ))
return CLASS_E_CLASSNOTAVAI LABLE;

/I Check that ppv really points to a void*.

if ( IsBadWitePtr ( ppv, sizeof(void*) ))
return E_PO NTER

*ppv = NULL;

The first if statement checks the r cl si d parameter. Our server only contains one coclass, so rclsid must be
the CLSID of our CSi npl eMsgBoxI| mpl class. The __uui dof operator retrieves the GUID assigned to

CSi npl eMsgBoxI npl earlier with the __decl spec(uui d()) declaration. | nl i nel sequal GUI () is an
inline function that checks if two GUIDs are equal.

The next step is to create a class factory object.
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CSi npl eMsgBoxCl assFact ory* pFactory;

/I Construct a new class factory object.
pFactory = new CSi npl eMsgBoxC assFact ory;

if ( NULL == pFactory )
return E_OUTOFMEMORY;

Here's where things differ a bit from Cr eat el nst ance() . Back in Cr eat el nst ance(), we just called Q
(), and if it failed, we deleted the COM object. Here is a different way of doing things.

We can consider ourselves to be a client of the COM object we just created, so we call AddRef () on it to
make its reference count 1. We then call Q (). If Q () is successful, it will AddRef () the object again,
making the reference count 2. If Q () fails, the reference count will remain 1.

After the Q () call, we're done using the class factory object, so we call Rel ease() on it. If the Q ()
failed, the object will delete itself (because the reference count will be 0), so the end result is the same.

/I AddRef() the factory since we're using it.
pFact or y- >AddRef () ;

HRESULT hr Ret ;

/I QI() the factory for the interface the client wa nts.
hrRet = pFactory->Querylnterface ( riid, ppv );

/I We're done with the factory, so Release() it.
pFact or y- >Rel ease();

return hrRet;

QuerylInterface() revisited

I showed a Q () implementation earlier, but it's worth seeing the class factory's Q () since it is a realistic
example, in that the COM object implements more than just | Unknown. First we validate the ppv buffer
and initialize it.
HRESULT CSi npl eMsgBoxC assFactory:: Querylnterface( REFIID riid, void** ppv )
{
HRESULT hrRet = S _CK;
/I Check that ppv really points to a void*.
if ( IsBadWitePtr ( ppv, sizeof(void*) ))
return E_PO NTER,
/I Standard QI initialization - set *ppv to NULL.
*ppv = NULL;

Next we check ri i d and see if it's one of the interfaces the class factory implements: | Unknown or
| Ol assFactory.

/I If the client is requesting an interface we supp ort, set *ppv.
if ( InlinelsEqualGUD ( riid, I1D_IUnknown ))

*ppv = (I Unknown*) this;

else if ( InlinelsEqual GUD ( riid, II1D_IC assFactory ))
ippv = (1 d assFactory*) this;

el se

{
hrRet = E_NO NTERFACE;

}

Finally, if ri i d was a supported interface, we call AddRef () on the interface pointer, then return.
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/I'If we're returning an interface pointer, AddRef( ) it.
if ( SSOK == hrRet )

{
( (I Unknown*) *ppv)->AddRef ();
}

return hrRet;

The ISimpleMsgBox implementation

Last but not least, we have the code for the one and only method of | Si npl eMsgBox, DoSi npl eMsgBox
() . We first use the Microsoft extension class _bstr t to convert bsMessageText to a TCHAR string.

HRESULT CSi npl eMsgBoxI npl : : DoSi npl eMsgBox ( HWND hwndPar ent ,
BSTR bsMessageText )
{

_bstr_t bsMsg
LPCTSTR szMsg

bsMessageText ;
(TCHAR*) bsMsg; /I Use _bstr_t to convert the
/I string to ANSI if necessary.

After we do the conversion, we show the message box, and then return.

MessageBox ( hwndParent, szMsg, _T("Sinple Message Box"), MB OK);
return S_OK;

A Client to Use Our Server

So now that we've got this super-spiffy COM server all done, how do we use it? Our interface is a custom
interface, which means it can only be used by a C or C++ client. (If our coclass also implemented

| Di spat ch, then we could write a client in practically anything - Visual Basic, Windows Scripting Host, a
web page, PerlScript, etc. But that discussion is best left for another article.) I've provided a simple app
that uses | Si npl eMsgBox.

The app based on the Hello World sample built by the Win32 Application AppWizard. The Fi | € menu
contains two commands for testing the server:

File Help
Test MsgBox COM Server Hello COM!
Call CoFreelnusedLibraries( )

Exit

The Test MsgBox COM Server command creates a CSi npl eMsgBoxI npl object and calls
DoSi npl eMsgBox() . Since this is a simple method, the code isn't very long. We first create a COM object
with CoCr eat el nst ance() .

voi d DoMsgBoxTest (HWND hMai nWhd)

{
I Si npl eMsgBox* pl MsgBox;

HRESULT hr;
hr = CoCreatelnstance ( __uuidof (CSi npl eMsgBoxI npl ), // CLSID of coclass
NULL, /I no aggregation
CLSCTX_| NPROC_SERVER, /[ use only in-proc
Il servers
__uui dof (I Si mpl eMsgBox) , /I 1D of the interface
/I we want
(void**) &pl MsgBox ); /I buffer to hold the
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/l interface pointer

if ( FAILED(hr) )
return;

Then we call DoSi npl eMsgBox() and release our interface.

pl MsgBox- >DoSi npl eMsgBox ( hMai nWwhd, _bstr_t("Hello COM ") );
pl MsgBox- >Rel ease() ;

That's all there is to it. There are many TRACE statements throughout the code, so if you run the test app
in the debugger, you can see where each method in the server is being called.

The other Fi | e menu command calls the CoFr eeUnusedLi brari es() API so you can see the server's
D | CanUnl oadNow( ) function in action.

Other Details
COM macros

There are several macros used in COM code that hide implementation details and allow the same
declarations to be used by C and C++ clients. I haven't used the macros in this article, but the sample
project does use them, so you need to understand what they mean. Here's the proper declaration of

| Si npl eMsgBox:

struct | SinpleMsgBox : public | Unknown
{

/I lUnknown methods

STDVETHOD_(ULONG, AddRef) () PURE;

STDMETHOD_(ULONG, Rel ease) () PURE;

STDMETHOD( Queryl nterface) (REFIID riid, void** ppv) PURE;

// 1SimpleMsgBox methods
STDMETHOD( DoSi npl eMsgBox) (HWND hwndPar ent, BSTR bsMessageText) PURE;

STDVETHOD( ) includes the vi rt ual keyword, a return type of HRESULT, and the st dcal | calling
convention. STDMETHOD () is the same, except you can specify a different return type. PURE expands to
"=0" in C++ to make the function a pure virtual function.

STDVETHOD( ) and STDMETHOD () have corresponding macros used in the implementation of methods -
STDVETHODI MP and STDVETHCODI MP_ () . For example, here's the implementation of DoSi npl eMsgBox( ) :

STDMETHODI MP CSi npl eMsgBoxI npl : : DoSi npl eMsgBox ( HWAD hwndPar ent ,
BSTR bsMessageText )
{

}
Finally, the standard exported functions are declared with the STDAPI macro, such as:

STDAPI DI | Regi st er Server ()

STDAPI includes the return type and calling convention. One downside to using STDAPI is that you can't
use __decl spec(dl | export) with it, because of how STDAPI expands. You instead have to export the
function using a .DEF file.

Server registration and unregistration

The server implements the DI | Regi st er Server () and Dl | Unr egi st er Server () functions that I

mentioned earlier. Their job is to create and delete the registry entries that tell COM about our server. The
code is all boring registry manipulation, so I won't repeat it here, but here's a list of the registry entries
created by DI | Regi st er Server () :
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Key name Values in the key

IHKEY_CLASSES_ROOT | |
ICLSI D | |
|

[ 7D51904E- 1645- 4a8c- BDEO- OF4A44FC38CA} |[Default="SimpleMsgBox class"
|| nProcServer 32 ||Defau|t=[path to DLL]; ThreadingModeI="Apartment"|

Notes about the sample code

The included sample code contains the source for both the COM server and the test client app. There is a
workspace file, Si mpl eContvr . dsw, which you can load to work on both the server and client app at the
same time. At the same level as the workspace are two header files that are used by both projects. Each
project is then in its own subdirectory.

The common header files are:

e | Si npl eMsgBox. h - The | Si npl eMsgBox definition.

e Si nmpl eMsgBoxConDef . h - Contains the __decl spec(uui d()) declarations. These declarations are
in a separate file because the client needs the GUID of CSi npl eMsgBoxI npl , but not its definition.
Moving the GUID to a separate file lets the client have access to the GUID without being dependent
on the internal structure of CSi npl eMsgBoxI npl . It's the interface, | Si npl eMsgBox, that's
important to the client.

As mentioned earlier, you need a .DEF file to export the four standard exported functions from the server.
The sample project's .DEF file looks like this:

EXPORTS
Dl | Regi st er Server PRI VATE
DI | Unr egi st er Server PRI VATE
Dl | Get O assObj ect PRI VATE
DI | CanUnl oadNow PRI VATE

Each line contains the name of the function and the PRI VATE keyword. This keyword means the function is
exported, but not included in the import lib. This means that clients can't call the functions directly from
code, even if they link with the import lib. This is a required step, and the linker will complain if you leave
out the PRI VATE keywords.

Setting breakpoints in the server

If you want to set breakpoints in the server code, you have two ways of doing it. The first way is to set the
server project (MsgBoxSvr) as the active project and then begin debugging. MSVC will ask you for the
executable file to run for the debug session. Enter the full path to the test client, which you must already
have built.

The other way is to make the client project (TestClient) the active project, and configure the project
dependencies so that the server project is a dependency of the client project. That way, if you change code
in the server, it will be rebuilt automatically when you build the client project. The last detail is to tell MSVC
to load the server's symbols when you begin debugging the client.

The Project Dependencies dialog should look like this:
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Dependent an the fallowing project(z]:

b 3B omS

To load the server's symbols, open the TestClient project settings, go to the Debug tab, and select
Additional DLLs in the Category combo box. Click in the list box to add a new entry, and then enter the full
path to the server DLL. Here's an example:

Project Settings

Settings For. [win32 D ebug

;I General  Debug | CAC++ | Link. I Hesnurca |EE

- M zgBaxSwr
.. TestClent

Categany: I.&dditinnal DLLs ;I

Place a check in the first column bo load the module's
gymbolz at the start of a debug zession.

IV Ty tolocate other DLLs

k. Cancel

The path to the DLL will, naturally, be different depending on where you extract the source code.
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