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Abstract

TAPI 3.0 is an evolutionary API providing convergence of both traditional PSTN telephony and IP telephony. IP telephony is an emerging set of technologies that enables voice, data, and video collaboration over existing LANs, WANs, and the Internet. TAPI 3.0 enables IP telephony on Microsoft® Windows® operating systems by providing simple and generic methods for making connections between two or more computers and accessing any media streams involved in the connection.

This paper, intended for developers, discusses a sample application called Incoming, that demonstrates the major features of TAPI 3.0. The code shows how to listen for and answer incoming calls that can, potentially, combine audio and video streams.
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Introduction 

Internet Protocol (IP) telephony is an emerging set of technologies that enables voice, data, and video collaboration over existing IP-based local area networks (LANs), wide area networks (WANs), and the Internet.
Specifically, IP telephony uses open Internet Engineering Task Force (IETF) and International Telecommunications Union (ITU) standards to move multimedia traffic over any network that uses IP, offering users both flexibility in physical media (for example, POTS lines, ADSL, ISDN, leased lines, coaxial cable, satellite, and twisted pair) and flexibility of physical location. As a result, the same ubiquitous networks that carry Web, e-mail, and data traffic can be used to connect to individuals, businesses, schools, and governments worldwide. 

The Microsoft® Windows® Telephony Application Programming Interface (TAPI) 3.0 is an evolutionary API that supports convergence of both traditional Public Switched Telephone Network (PSTN) telephony and telephony over IP networks. This paper, intended for developers interested in writing TAPI 3.0 applications, demonstrates the major features of the API. It shows how to write an application that can listen for, and answer, incoming calls and, potentially, combine audio and video. To simplify the code, two assumptions have been made. They are:

1. There will be only one call at a time.

2. Default terminals are used instead of allowing users to select which terminals will be used on a call.

The major sections of incoming.cpp are discussed within this paper and the code is included at the end of the paper. The entire application can be downloaded and includes the following files:

· callnot.cpp

· callnot.h

· incoming.cpp

· incoming.h

· incoming.rc

There are also makefiles, resource files, and a readme file. To discuss the application, this paper assumes a familiarity with TAPI, Microsoft Visual C++®, and the Component Object Model (COM).

Initializing TAPI

The first step in creating a TAPI application is to invoke the InitializeTAPI function, which, as you can guess, initializes TAPI. This function calls CoCreateInstance to create a TAPI object and then calls Initialize on the returned object. The CTAPIEventNotification object is defined in callnot.h and implemented in callnot.cpp. The CTAPIEventNotification object implements the ITTAPIEventNotification interface, which is defined as follows:

interface ITTAPIEventNotification : IUnknown

{

     [id(1), helpstring(“method Event”)]

     HRESULT Event(

          [in] TAPI_EVENT TapiEvent

          [in] IDispatch *pEvent

          );

}

This single Event method is used to fire all TAPI 3.0 events to the application. The callnot.cpp program implements Event very simply: it posts a message to the application’s UI thread to handle the event. A multithreaded apartment model application should do as little as possible on the thread in which Event is called, and should not call back into TAPI 3.0 because this can cause a deadlock situation. Also note that Event calls AddRef so that the Event object is not deleted when Event returns.

The OnTapiEvent function eventually gets called to handle the TAPI events. The TAPI_EVENT enum defines the events that can be fired. For each TAPI_EVENT, an event interface is defined. The Event object, pEvent, which is passed in with the  Event method, supports this corresponding interface. For example, the event TE_CALLNOTIFICATION supports the ITCallNotificationEvent interface.

In OnTapiEvent, the application only handles the TE_CALLNOTIFICATION and TE_CALLSTATE events. All other events are ignored. Also, notice the call to Release at the end of the function. This corresponds to the call to AddRef that is made when posting the event to the UI thread.

Looking at RegisterTapiEventInterface, you can see that after the CTAPIEventNotification object is created, the application finds the ITTAPIEventNotification connection point and registers the callback object. After this registration, the application calls ListenOnAddresses.

Listening for calls

The ListenOnAddresses function starts by calling gpTapi‑>EnumerateAddresses. TAPI returns with an enumeration of all Address objects present on the system. The application then loops through all the addresses by calling pEnumAddress‑>Next and checks to see if the address supports TAPIMEDIAMODE_AUDIO. If it does, the application calls another function, ListenOnThisAddress, to start listening for calls on that Address object.

The ITAddressCapabilities Interface

Of course, there are many other capabilities that an application may want to query before using the Address object. The ITAddressCapabilities interface provides detailed information about the capabilities of the address. The two main methods on this interface are get_AddressCapability and get_AddressCapabilityString. The syntax for get_AddressCapability is:

HRESULT get_AddressCapability(

  [in] Address_Capability AddressCap,

  [out, retval] long * plCapability

  );

The syntax for get_AddressCapabilityString is:

HRESULT get_AddressCapabilityString

  [in] ADDRESS_CAPABILITY_STRING AddressCapString,

  [out, retval] BSTR * ppCapabilityString

);

Both ADDRESS_CAPABILITY and ADDRESS_CAPABILITY_STRING are enums that specify which capabilities the application might want to query. An example of an ADDRESS_CAPABILITY is AC_ADDRESSTYPES, which requests the address types supported by the Address object. An example of an ADDRESS_CAPABILITY_STRING is ACS_PROTOCOL, which requests the protocol that the Address object supports. A protocol is a GUID, but it is passed in the interface in string format. The protocol types are:

· TAPIPROTOCOL_PSTN, which supports voice telephony.
· TAPIPROTOCOL_H323, which supports the ITU standard, H.323, for videoconferencing over packet-switched networks such as LANs and the Internet. 

· TAPIPROTOCOL_Multicast, which supports calls made using the Multicast Backbone (MBone).
The ListenOnThisAddress Method

The function ListenOnThisAddress first queries for the ITMediaSupport interface, and then obtains all the TAPIMEDIAMODE types supported by the address. ITMediaSupport::get_MediaTypes returns a long, which is actually a bit field of the supported TAPIMEDIAMODEs. This long is then used in RegisterCallNotifications to tell TAPI which media the application would like to listen for.

It is already known that the address supports audio because that was checked in ListenOnAddresses. For this application, we also want to listen for video, if it is available. The code could have checked specifically for video and then, if it were supported, called RegisterCallNotifications with TAPIMEDIAMODE_AUDIO|TAPIMEDIAMODE_VIDEO. Instead, the following code is used:

    //

    // Find out if the address supports video.

    //

    pAddress->QueryInterface(

                             IID_ITMediaSupport,

                             (void **)&pMediaSupport

                            );

    //

    // does it support VideoIn?

    //

    pMediaSupport->QueryMediaType(

                                  TAPIMEDIAMODE_VIDEO,

                                  &bSupport

                                 );

    pMediaSupport->Release();

It is done this way in the application to demonstrate another way of finding the supported media modes.

Also, notice that the application keeps a global array of registration instances from RegisterCallNotification in gplRegistrationInstances. This value is used to stop listening for calls. The implementation in this application is slightly simplified, for clarity’s sake.  . It keeps an array with no way to map the registration instance back to an address, so there is no way for the application to selectively unregister for notifications. Usually, an application would keep this value associated with an address in case it stops listening on that address.

Handling Incoming Calls

After the application is finished with its initialization, it starts to listen for calls, which means it simply waits for something to happen. The user interface (UI) it displays is very simple and is shown below:
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This interface allows the user to answer calls, disconnect calls, and exit. We’ll now explore what happens when a call comes in.

First, TAPI fires a TE_CALLNOTIFICATION event. As described previously, this event is given to the application in the ITTAPIEventNotification::Event method and the application posts this event to its UI thread. The OnTapiEvent functions eventually get called, and the application then dispatches this event to the HandleCallNotificationEvent function.

The HandleCallNotificationEvent function first queries the Event object, pEvent, for the ITCallNotificationEvent interface. The ITCallNotificationEvent interface is defined as:

interface ITCallNotificationEvent : IDispatch

{

     [propget, id(1), helpstring(“property Call”)]

     HRESULT Call(

          [out, retval] ITCallInfo ** ppCall

          );

     [propget, id(2), helpstring(“property Event”)]

     HRESULT Event(

          [out, retval] CALL_NOTIFICATION_EVENT *

               pCallNotificationEvent

          );

     [propget, id(3),

          helpstring(“property CallbackInstance”)]

     HRESULT CallbackInstance(

          [out, retval] long * plCallbackInstance

          );

}

From this interface, the application can obtain the call about which it’s being notified, the CALL_NOTIFICATION_EVENT. This tells the application if it’s the owner or just a monitor of this call. The application can also obtain a callback instance that was given to TAPI in the call to RegisterCallNotifications.

Determining Call Ownership

The application checks the CALL_NOTIFICATION_EVENT enum to make sure that it is the owner of the call. If it isn’t the owner, it ignores the call and returns. It is important to note that, at this point, there is no reference to this call. The application has nothing to clean up related to the call it’s ignoring. If the application is the owner of the call, it retrieves the call, saves it in its global pointer, and returns. Using a global variable in this way is in fact a poor practice because, if there were already a call present, it would be overwritten. As we said earlier, to simplify the demonstration, this application assumes one call at a time.

At this point, the Answer button in the application has not been enabled because the application hasn’t yet received an event that indicates an offering state. This is similar to the LINE_APPNEWCALL message in TAPI 2.x. The notification event lets the application know about the existence of a call, but the application shouldn’t do anything with it until it gets a call state message. A notification is always followed immediately by a call state message.

Handling The Call State

Next, the application receives a TE_CALLSTATE event. This is handled in the HandleCallStateEvent method, which queries the event for the ITCallStateEvent interface and looks like this:

interface ITCallStateEvent : IDispatch

{

     [propget, id(1), helpstring(“property Call”)]

     HRESULT Call(

          [out, retval] ITCallInfo ** ppCallInfo

          );

     [propget, id(2), helpstring(“property State”)]

     HRESULT State(

          [out, retval] CALL_STATE * pCallState

          );

     [propget, id(3), helpstring(“property Cause”)]

     HRESULT Cause(

          [out, retval] CALL_STATE_CAUSE * pCEC

          );

     [propget, id(4),

     helpstring(“property CallbackInstance”)]

     HRESULT CallbackInstance(

          [out, retval] long * plCallbackInstance

          );

The ITCallStateEvent interface gives the application the call, the new call state, the cause for the call state change, and the callback instance. The HandleCallStateEvent function first checks the new call state and, if it’s not CS_OFFERING, CS_DISCONNECTED, or CS_CONNECTED, it ignores it.

The Answer button finally gets enabled when CS_OFFERING is handled, although the application waits for the user to press the button before actually answering the call. When CS_CONNECTED calls are handled, the MakeWindowsVisible function is called. By default, video windows are hidden in TAPI 3.0. This gives the application time to place the windows and set their properties before showing them. The best time to set these properties is when the call is connected.

The user can now press the Answer button. When the button is pressed, the dialog procedure will invoke AnswerTheCall. This function finds and selects terminals on the call and then invokes the Answer method. (Remember that terminals must be selected on the call before the call can be answered or forwarded.)

Creating Terminals

The CreateTerminals function takes an Address object and returns an array of terminals to use on the call. First, it tries to find a Terminal object that supports audio rendering by calling GetDefaultTerminal to obtain the default audio render terminal. It then checks the actual direction of the terminal. (Some terminals can both render and capture the stream.) When asked for a specific direction, TAPI can return a terminal that supports both directions. If the terminal does support both, then there is no need to get the capture terminal as well.

Next, the CreateTerminals function determines if the address also supports video. If so, it obtains a video render terminal. This is always a video window, which is a dynamic terminal. The function GetDefaultTerminal only returns static terminals, so it will fail for a video capture terminal. Instead, CreateTerminals calls GetVideoRenderTerminal, which is a wrapper around the ITTerminalSupport::CreateTerminal method.

The CreateTerminals function requires that the terminal class being requested (in this case, CLSID_VideoWindowTerm) be passed in as a BSTR, not a GUID. The function converts the CLSID to a BSTR, CreateTerminals is called, and any allocated memory is freed.

Finally, CreateTerminals uses GetDefaultTerminal to obtain the video capture terminal. If the video capture terminal exists it also enables the preview window on this terminal, so the application will display a preview of what it is sending. Note that it’s possible for an address to support video even though no video capture terminal exists. The capability of the address is a separate issue from whether a video capture device is present on the computer. In contrast, video rendering is always available if the address supports video because this involves simply rendering a window.

The CreateTerminals function uses a simple method to find terminals for a call, relying solely on GetDefaultTerminal to retrieve the Terminal object. Typically, an application will default to GetDefaultTerminal, but gives the user the option of choosing which terminals to use on a call.

Answering the Call

When execution returns to AnswerTheCall, the application has the terminals to select on the call. It loops through the array of returned terminals and selects each terminal on the call. Finally, the application calls ITBasicCallControl::Answer on the Call object.

Disconnecting the call

Disconnecting the call is very simple—the application calls ITBasicCallControl::Disconnect. There is also some cleanup after a call is disconnected and when the application shuts down.

More Information

For more information about TAPI 3.0 and Microsoft Windows 2000 servers, consult the following Web sites:

· Information about TAPI 3.0
· Information about the family of Windows 2000 servers
· To download the platform SDK
· Sample code, articles, and information about the platform SDK
The sample code

This is the listing for incoming.cpp. The complete set of files for building this application, called sampleTAPI.zip, can be downloaded from the Web site: go to http://www.microsoft.com/windows/server/zipdocs/incoming.exe.

#define UNICODE

#include <windows.h>

#include <tapi3.h>

#include "incoming.h"

#include "callnot.h"

#include "resource.h"

//////////////////////////////////////////////////////////

// INCOMING.EXE

//

// Sample application that handles incoming TAPI calls.

// This application will register to receive calls on

// all addresses that support at least audio in and audio out.

//

// NOTE:  This application is limited to working with one call at

// a time, and will not work correctly if multiple calls

// are present at the same time.

//////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////

// GLOBALS

//////////////////////////////////////////////////////////

HINSTANCE                     ghInst;

HWND                          ghDlg = NULL;

ITTAPI                      * gpTapi;

ITBasicCallControl          * gpCall;

CTAPIEventNotification      * gpTAPIEventNotification = NULL;

ULONG                         gulAdvise;

long                        * gplRegistrationInstances = NULL;

DWORD                         gdwNumRegistrations = 10;

WCHAR gszTapi30[] = L"TAPI 3.0 Incoming Call Sample";

//////////////////////////////////////////////////////////

//

//              FUNCTIONS

//

//////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////

//

// WinMain

//

//////////////////////////////////////////////////////////

int

WINAPI

WinMain(

        HINSTANCE hInst,

        HINSTANCE hPrevInst,

        LPSTR lpCmdLine,

        int nCmdShow

       )

{

    ghInst = hInst;

    //

    // need to coinit

    //

    if (!SUCCEEDED(CoInitializeEx(NULL, COINIT_MULTITHREADED)))

    {

        return 0;

    }

    //

    // do tapi initialization

    //

    if (S_OK != InitializeTapi())

    {

        return 0;

    }

    //

    // everything is initialized, so

    // start the main dialog box

    //

    DialogBox(

              ghInst,

              MAKEINTRESOURCE(IDD_MAINDLG),

              NULL,

              MainDialogProc

             );

    //

    // clean up

    //

    ShutdownTapi();

    CoUninitialize();

    return 1;

}

//////////////////////////////////////////////////////////////

//

// InitializeTapi

//

// Standard TAPI initialization

//

///////////////////////////////////////////////////////////////

HRESULT

InitializeTapi()

{

    HRESULT         hr;

    //

    // cocreate the TAPI object

    //

    hr = CoCreateInstance(

                          CLSID_TAPI,

                          NULL,

                          CLSCTX_INPROC_SERVER,

                          IID_ITTAPI,

                          (LPVOID *)&gpTapi

                         );

    if ( !SUCCEEDED(hr) )

    {

        DoMessage(L"CoCreateInstance on TAPI failed");

        return hr;

    }

    //

    // call initialize.  this must be called before

    // any other tapi functions are called.

    //

    hr = gpTapi->Initialize();

    if ( !SUCCEEDED(hr) )

    {

        DoMessage(L"TAPI failed to initialize");

        gpTapi->Release();

        gpTapi = NULL;

        return hr;

    }

    //

    // Register the event interface

    //

    hr = RegisterTapiEventInterface();

    if ( !SUCCEEDED(hr) )

    {

        ShutdownTapi();

        return hr;

    }

    //

    // find all address objects that

    // we will use to listen for calls on

    //

    hr = ListenOnAddresses();

    if ( !SUCCEEDED(hr) )

    {

        DoMessage(L"Could not find any addresses to listen on");

        ShutdownTapi();

        return hr;

    }

    return S_OK;

}

///////////////////////////////////////////////////////////////

//

// ShutdownTapi

//

///////////////////////////////////////////////////////////////

void

ShutdownTapi()

{

    //

    // if there is still a call,

    // release it

    //

    ReleaseTheCall();

    //

    // release main object.

    //

    if ( NULL != gpTapi )

    {

        IConnectionPointContainer           * pCPC;

        IConnectionPoint                    * pCP;

        DWORD                                 dwCount;

        //

        // unregister all of our call notifications

        //

        if ( NULL != gplRegistrationInstances )

        {

            for ( dwCount = 0; dwCount < gdwNumRegistrations; dwCount++ )

            {

                gpTapi->UnregisterNotifications( 

                    gplRegistrationInstances[dwCount]

                    );

            }

            LocalFree( gplRegistrationInstances );

            gplRegistrationInstances = NULL;

        }

        //

        // unadvise our connection point

        //

        gpTapi->QueryInterface(

                               IID_IConnectionPointContainer,

                               (void**) &pCPC

                              );

        pCPC->FindConnectionPoint(

                                  IID_ITTAPIEventNotification,

                                  &pCP

                                 );

        pCP->Unadvise( gulAdvise );

        pCPC->Release();

        pCP->Release();

        //

        // shutdown tapi

        //

        gpTapi->Shutdown();

        gpTapi->Release();

        gpTapi = NULL;

    }

}

///////////////////////////////////////////////////////////////////////////

//

// MainDlgProc

//

///////////////////////////////////////////////////////////////////////////

BOOL

CALLBACK

MainDialogProc(

               HWND hDlg,

               UINT uMsg,

               WPARAM wParam,

               LPARAM lParam

              )

{

    switch (uMsg)

    {

        case WM_INITDIALOG:

        {

            // set up dialog

            ghDlg = hDlg;

            DisableButton( IDC_ANSWER );

            DisableButton( IDC_DISCONNECT );

            SetStatusMessage( L"Waiting for a call..." );

            return 0;

        }

        case WM_COMMAND:

        {

            switch ( LOWORD(wParam) )

            {

                //

                // answer request

                //

                case IDCANCEL:

                {

                    // quit

                    EndDialog( hDlg, 0 );

                    return 1;

                }

                case IDC_ANSWER:

                {

                    SetStatusMessage(L"Answering...");

                    //

                    // answer the call

                    //

                    if ( S_OK == AnswerTheCall() )

                    {

                        EnableButton( IDC_DISCONNECT );

                        DisableButton( IDC_ANSWER );

                    }

                    else

                    {

                        DisableButton( IDC_ANSWER );

                        DoMessage(L"Answer failed");

                        SetStatusMessage(L"Waiting for a call...");

                    }

                    return 1;

                }

                //

                // disconnect request

                //

                case IDC_DISCONNECT:

                {

                    SetStatusMessage(L"Disconnecting...");

                    //

                    // disconnect

                    //

                    if (S_OK != DisconnectTheCall())

                    {

                        DoMessage(L"Disconnect failed");

                    }

                    return 1;

                }

                default:

                    return 0;

            }

            //

            // this is where we handle any TAPI

            // events

            //

            case WM_PRIVATETAPIEVENT:

            {

                OnTapiEvent(

                            (TAPI_EVENT) wParam,

                            (IDispatch *) lParam

                           );

            }

        }

        default:

            return 0;

    }

}

//////////////////////////////////////////////////////////////////////

//

// RegisterTapiEventInterface

//

// Creates and registers the outgoing event interface

//

//////////////////////////////////////////////////////////////////////

HRESULT

RegisterTapiEventInterface()

{

    HRESULT                       hr = S_OK;

    IConnectionPointContainer   * pCPC;

    IConnectionPoint            * pCP;

    //

    // create a notification object

    //

    gpTAPIEventNotification = new CTAPIEventNotification;

    if ( NULL == gpTAPIEventNotification )

    {

        DoMessage(L"Failed to create event interface");

        return E_FAIL;

    }

    //

    // get the connectionpointcontainter interface

    // off the tapi object

    //

    hr = gpTapi->QueryInterface(

                                IID_IConnectionPointContainer,

                                (void **)&pCPC

                               );

    if ( !SUCCEEDED(hr) )

    {

        return hr;

    }

    //

    // get the correct connection point

    //

    hr = pCPC->FindConnectionPoint(

                                   IID_ITTAPIEventNotification,

                                   &pCP

                                  );

    pCPC->Release();

    if ( !SUCCEEDED(hr) )

    {

        return hr;

    }

    hr = pCP->Advise(

                     gpTAPIEventNotification,

                     &gulAdvise

                    );

    pCP->Release();

    return hr;

}

//////////////////////////////////////////////////////////////////////

//

// ListenOnAddresses

//

// This procedure will find all addresses that support audio,

// and will call ListenOnThisAddress to start listening on it

//

//////////////////////////////////////////////////////////////////////

HRESULT

ListenOnAddresses()

{

    HRESULT             hr = S_OK;

    IEnumAddress      * pEnumAddress;

    ITAddress         * pAddress;

    ITMediaSupport    * pMediaSupport;

    VARIANT_BOOL        bSupport;

    DWORD               dwCount = 0;

    gplRegistrationInstances = (long *) LocalAlloc(

        LPTR,

        sizeof(long) * gdwNumRegistrations

        );

    if ( NULL == gplRegistrationInstances )

    {

        return E_FAIL;

    }

    //

    // enumerate the addresses

    //

    hr = gpTapi->EnumerateAddresses( &pEnumAddress );

    if (S_OK != hr)

    {

        return hr;

    }

    while ( TRUE )

    {

        //

        // get the next address

        //

        hr = pEnumAddress->Next( 1, &pAddress, NULL );

        if (S_OK != hr)

        {

            break;

        }

        pAddress->QueryInterface(

                                 IID_ITMediaSupport,

                                 (void **)&pMediaSupport

                                );

        //

        // does it support Audio?

        //

        pMediaSupport->QueryMediaType(

                                      TAPIMEDIAMODE_AUDIO,

                                      &bSupport

                                     );

        if (bSupport)

        {

            //

            // If it does then we'll listen.

            //

            hr = ListenOnThisAddress(

                                     pAddress,

                                     gplRegistrationInstances,

                                     dwCount

                                    );

            if ( !SUCCEEDED(hr) )

            {

                DoMessage(L"Listen failed on an address");

            }

            else

            {

                dwCount++;

            }

        }

        pMediaSupport->Release();

        pAddress->Release();

        if (dwCount == gdwNumRegistrations)

        {

            ResizeRegistration();

        }

    }

    pEnumAddress->Release();

    return S_OK;

}

///////////////////////////////////////////////////////////////////

//

// ListenOnThisAddress

//

// the app must call RegisterCallNotifications

// for the address that it wants calls on

//

///////////////////////////////////////////////////////////////////

HRESULT

ListenOnThisAddress(

                    ITAddress * pAddress,

                    long * plRegistrations,

                    DWORD dwRegistrationCount

                   )

{

    HRESULT                     hr = S_OK;

    long                        lMediaTypes;

    ITMediaSupport            * pMediaSupport;

    //

    // listen for all media types that the address

    // supports.

    //

    hr = pAddress->QueryInterface(

                                  IID_ITMediaSupport,

                                  (void**)&pMediaSupport

                                 );

    hr = pMediaSupport->get_MediaTypes( &lMediaTypes );

    pMediaSupport->Release();

    hr = gpTapi->RegisterCallNotifications(

                                           pAddress,

                                           VARIANT_TRUE, // monitor

                                           VARIANT_TRUE, // owner

                                           lMediaTypes,  // media to listen for

                                           0,            // callback instance

                                           &(plRegistrations[dwRegistrationCount])

                                                         // registration instance

                                          );

    return hr;

}

/////////////////////////////////////////////////////////

//

// GetVideoRenderTerminal

//

// Creates a Terminal for the VideoIn mediatype 

// This is a dynamic terminal type.

//

/////////////////////////////////////////////////////////

HRESULT

GetVideoRenderTerminal(

                       ITTerminalSupport * pTerminalSupport,

                       ITTerminal ** ppTerminal

                      )

{

    HRESULT             hr = S_OK;

    BSTR                bstrTerminalClass;

    LPOLESTR            lpTerminalClass;

    //

    // need to pass in the terminal class

    // as a BSTR

    //

    StringFromIID(

                  CLSID_VideoWindowTerm,

                  &lpTerminalClass

                 );

    bstrTerminalClass = SysAllocString ( lpTerminalClass );

    CoTaskMemFree( lpTerminalClass );

    //

    // try to create the terminal

    //

    hr = pTerminalSupport->CreateTerminal(

                                          bstrTerminalClass,

                                          TAPIMEDIAMODE_VIDEO,

                                          TD_RENDER,

                                          ppTerminal

                                         );

    SysFreeString( bstrTerminalClass );

    return hr;

}

/////////////////////////////////////////////////////////////////

//

// CreateTerminals

//

// Create audio in and audio out terminals. Video in and video out

// terminals  are created only when the address supports them.

//

// This function assumes that ppTerminals has a size no less than

// four.

//

/////////////////////////////////////////////////////////////////

HRESULT

CreateTerminals(

                ITAddress * pAddress,

                ITTerminal ** ppTerminals,

                DWORD * pdwNumTerminals

               )

{

    DWORD                   dwCount = 0;

    HRESULT                 hr;

    ITTerminalSupport     * pTerminalSupport;

    ITMediaSupport        * pMediaSupport;

    VARIANT_BOOL            bSupport;

    TERMINAL_DIRECTION      td;

    //

    // get the terminal support interface of the

    // address object

    //

    hr = pAddress->QueryInterface(

                                  IID_ITTerminalSupport,

                                  (void **) &pTerminalSupport

                                 );

    if ( !SUCCEEDED(hr) )

    {

        return hr;

    }

    //

    // get the default audio render terminal

    //

    hr = pTerminalSupport->GetDefaultTerminal(

                                              TAPIMEDIAMODE_AUDIO,

                                              TD_RENDER,

                                              &(ppTerminals[dwCount])

                                             );

    if ( SUCCEEDED(hr) )

    {

        //

        // does the terminal actually support TD_BOTH?

        //

        (ppTerminals[dwCount])->get_Direction( &td );

        dwCount++;

    }

    //

    // if not, get the audio capture terminal also

    //

    if ( (SUCCEEDED(hr) && (TD_BOTH != td)) ||

         !SUCCEEDED(hr) )

    {

        hr = pTerminalSupport->GetDefaultTerminal(

            TAPIMEDIAMODE_AUDIO,

            TD_CAPTURE,

            &(ppTerminals[dwCount])

            );

        if ( SUCCEEDED(hr) )

        {

            dwCount++;

        }

    }

    //

    // Find out if the address supports video.

    //

    pAddress->QueryInterface(

                             IID_ITMediaSupport,

                             (void **)&pMediaSupport

                            );

    //

    // does it support VideoIn?

    //

    pMediaSupport->QueryMediaType(

                                  TAPIMEDIAMODE_VIDEO,

                                  &bSupport

                                 );

    pMediaSupport->Release();

    if (bSupport)

    {

        //

        // get the video render terminal

        //

        hr = GetVideoRenderTerminal(

                                    pTerminalSupport,

                                    &(ppTerminals[dwCount])

                                   );

        if ( SUCCEEDED(hr) )

        {

            dwCount++;

        }

        //

        // get the Terminal for Video capture

        //

        hr = pTerminalSupport->GetDefaultTerminal(

            TAPIMEDIAMODE_VIDEO,

            TD_CAPTURE,

            &(ppTerminals[dwCount])

            );

        if ( SUCCEEDED(hr) )

        {

            //

            // If we're using the Video capture terminal, also enable

            // the preview window

            //

            ITPreviewConfig         * pPreviewConfig;

            hr = (ppTerminals[dwCount])->QueryInterface(

                IID_ITPreviewConfig,

                (void**)&pPreviewConfig

                );

            if ( SUCCEEDED(hr) )

            {

                pPreviewConfig->put_EnablePreview(VARIANT_TRUE);

                pPreviewConfig->Release();

            }

            dwCount++;

        }

    }

    //

    // clean up

    //

    pTerminalSupport->Release();

    //

    // return # of terminals

    //

    *pdwNumTerminals = dwCount;

    return S_OK;

}

/////////////////////////////////////////////////////////////////

//

// ReleaseTerminals

//

/////////////////////////////////////////////////////////////////

void

ReleaseTerminals(

                 ITTerminal ** ppTerminals,

                 DWORD dwNumTerminals

                )

{

    DWORD       dwCount;

    for (dwCount = 0; dwCount < dwNumTerminals; dwCount++)

    {

        if (ppTerminals[dwCount])

        {

            ppTerminals[dwCount]->Release();

        }

    }

}

/////////////////////////////////////////////////////////////////////

//

// Answer the call

//

/////////////////////////////////////////////////////////////////////

HRESULT

AnswerTheCall()

{

    HRESULT                 hr;

    ITCallInfo *            pCallInfo;

    ITAddress *             pAddress;

    ITTerminal *            ppTerminals[MAXTERMINALS];

    DWORD                   dwNumTerminals;

    DWORD                   dwCount;

    if (NULL == gpCall)

    {

        return E_UNEXPECTED;

    }

    //

    // get the address object of this call

    //

    gpCall->QueryInterface( IID_ITCallInfo, (void**)&pCallInfo );

    pCallInfo->get_Address( &pAddress );

    pCallInfo->Release();

    //

    // create the media terminals for this call

    //

    hr = CreateTerminals( 

        pAddress, 

        ppTerminals, 

        &dwNumTerminals

        );

    //

    // release the address

    //

    pAddress->Release();

    if (S_OK != hr)

    {

        ReleaseTheCall();

        return hr;

    }

    for (dwCount = 0; dwCount < dwNumTerminals; dwCount++)

    {

        //

        // For each terminal, call SelectTerminal

        //

        hr = gpCall->SelectTerminal(

                                    ppTerminals[dwCount]

                                   );

    }

    ReleaseTerminals(ppTerminals, dwNumTerminals);

    if (S_OK != hr)

    {

        ReleaseTheCall();

        return hr;

    }

    //

    // answer the call

    //

    hr = gpCall->Answer();

    return hr;

}

//////////////////////////////////////////////////////////////////////

//

// DisconnectTheCall

//

// Disconnects the call

//

//////////////////////////////////////////////////////////////////////

HRESULT

DisconnectTheCall()

{

    HRESULT         hr = S_OK;

    if (NULL != gpCall)

    {

        hr = gpCall->Disconnect( DC_NORMAL );

        ReleaseTheCall();

        return hr;

    }

    return S_FALSE;

}

//////////////////////////////////////////////////////////////////////

//

// ReleaseTheCall

//

// Releases the call

//

//////////////////////////////////////////////////////////////////////

void

ReleaseTheCall()

{

    if (NULL != gpCall)

    {

        gpCall->Release();

        gpCall = NULL;

    }

}

///////////////////////////////////////////////////////////////////

//

// HELPER FUNCTIONS

//

///////////////////////////////////////////////////////////////////

///////////////////////////////////////////////////////////////////

// DoMessage

///////////////////////////////////////////////////////////////////

void

DoMessage(

          LPWSTR pszMessage

         )

{

    MessageBox(

               ghDlg,

               pszMessage,

               gszTapi30,

               MB_OK

              );

}

//////////////////////////////////////////////////////////////////

// SetStatusMessage

//////////////////////////////////////////////////////////////////

void

SetStatusMessage(

                 LPWSTR pszMessage

                )

{

    SetDlgItemText(

                   ghDlg,

                   IDC_STATUS,

                   pszMessage

                  );

}

///////////////////////////////////////////////////////////////

// EnableButton

//

// Enable, make default, and set focus to a button

///////////////////////////////////////////////////////////////

void

EnableButton(

             int ID

            )

{

    SendDlgItemMessage(

                       ghDlg,

                       ID,

                       BM_SETSTYLE,

                       BS_DEFPUSHBUTTON,

                       0

                      );

    EnableWindow(

                 GetDlgItem( ghDlg, ID ),

                 TRUE

                );

    SetFocus(

             GetDlgItem( ghDlg, ID )

            );

}

//////////////////////////////////////////////////////////////

// DisableButton

//

// Disable a button

//////////////////////////////////////////////////////////////

void

DisableButton(

              int ID

             )

{

    SendDlgItemMessage(

                       ghDlg,

                       ID,

                       BM_SETSTYLE,

                       BS_PUSHBUTTON,

                       0

                      );

    EnableWindow(

                 GetDlgItem( ghDlg, ID ),

                 FALSE

                );

}

//////////////////////////////////////////////////////////////

//

// ResizeRegistration

//

//////////////////////////////////////////////////////////////

HRESULT

ResizeRegistration()

{

    long * plTemp;

    plTemp = (long *)LocalAlloc(

                                LPTR,

                                sizeof(long) * gdwNumRegistrations * 2

                               );

    if ( NULL == plTemp )

    {

        return E_FAIL;

    }

    CopyMemory(

               plTemp,

               gplRegistrationInstances,

               sizeof(long) * gdwNumRegistrations

              );

    gdwNumRegistrations *= 2;

    LocalFree( gplRegistrationInstances );

    gplRegistrationInstances = plTemp;

    return S_OK;

}
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