CIS 630  -  Lab 3

Given:  September 17, 2001




Due:  October 1, 2001









September 24, if possible

Value:  30 points

objectives:

· run the “stage 2” code from chapter 2 of the Michaelis text and understand the implementation and use of IUnknown and GUIDs

· adapt the “stage 2” code to improve on the SimpleInterfaces object you began in Lab 2 (bringing it closer to COM-compliance)

· declare and implement IUnknown
· use GUIDs for class and interface IDs

code needed later in this lab:  lab 2’s Part 1 – Example folder, with the source files IFaces.* and SimpleInterfaces*.*

Start Up

It is assumed that you are working either on a zip disk or on the hard disk.  Copy to your “working” location the folder Part2 (including the code) either from the instructor’s folder on the La Salle network:   f:/data/turk/cis630/Chapter2  OR  from the course web page.

So that the code and executable from Part1 remain as is, for comparison purposes, we will create a new DLL and client application within this Part2 folder.

You will assist the instructor greatly if you add your name in a comment statement immediately below the initial comment with the filename in each file.

Part 2

This stage deals with the code from pages 40 through 60 of the Michaelis text.  The code is provided complete and in its entirely.  You do not have to make the changes the author discusses in the text—they are already made.  The only change you will have to make—at the end—is setting the pathname to the DLL.

The folder Part2 has source files:


Stopwatch.h
 
Stopwatch.cpp


Timers.def

Timers.cpp

Timers_i.c


StopwatchClient.cpp

The DLL project (folder) to be named Timers and the Win32 console application project (folder) to be named StopwatchClient will both “hang off” of the folder Part2.  Since the source files for these projects are located in the parent folder Part2, the system will find them without your having to specify the pathname for each.

Use Visual C++ to create an empty Win32 DLL project named Timers
Select File/New.  On the Projects tab, select Win32 Dynamic Link Library.

Use Timers as the Project name, and set the location to be the folder named Part2.  (path name ends with   …/Part2/Timers
)

OK it and Finish.

The system will create a folder named Timers “hanging off” the folder Part2.

Add the appropriate files to the Timers DLL project

Select  Project/Add to Project/Files.  The system will default to the Timers folder.  In the Look in box, go “up” one level to the Part2 folder, and select the files which must be compiled into the DLL:



Stopwatch.h
and
Stopwatch.cpp



Timers_i.c
and
Timers.cpp



Timers.def

Note that you may have to do a second pass to add Timers.def since the default display is files of C++ type.

Select Build/Build Timers.dll.  Make sure you get a clean compile before proceeding.

Create a Win32 console application project for the client

Select File/New and under the Projects tab, select Win32 console application.  Name it StopwatchClient and set the location to be the folder named Part2.

OK it and Finish.

Add the appropriate file (the client program) to the StopwatchClient project

Select  Project/Add to Project/Files.  The system will default to the StopwatchClient folder.  (It defaults to the current project’s folder.)  In the Look in box, go “up” one level to the Part2 folder, and select the client driver program:



StopwatchClient.cpp

Set the location of Timers.dll on your computer in the client program of Part2

Use FileView in the workspace window on the left to expand the StopwatchClient files.  Then expand the Source Files to list StopwatchClient.cpp

Open StopwatchClient.cpp and find the statement beginning  #define TIMERSDLL.  In double quotes, with double slashes representing directory levels, put the complete pathname of Timers.dll; e.g., on the instructor’s home machine, the statement is:  #define TIMERSDLL "C:\\CIS630\\Code\\Chapter2\\Part2\\Timers\\Debug\\Timers.dll"

Compile and execute the program.  When you get an output message with the overhead time, you’ve succeeded.

Use the Debugger to Observe Interface Pointers

In main put the cursor on the call to CreateInstance(), and select Build/Start Debug/Run to Cursor.  Put the cursor on any instance of the identifier pIUnknown and select the glasses icon to put a watch on it.  Similarly, put a watch on pStopwatch.  Note the initial values of each.

Step over the call to CreateInstance(), and note the values of pIUnknown.  Expand it and within it, expand _vfptr.

Step over execution of statements up to and including the call to 
pIUnknown2->QueryInterface().  

a. Compare the addresses in pIUnknown and pStopwatch.

b. Explain this (at least to yourself—you don’t need to hand in a written response).

Step over each of the remaining statements or select Debug/Stop Debugging.

Part 2 - Example

In the previous lab, you implemented a SimpleInterfaces server and client, analogous to the Stopwatch server and client.  Your task here is to parallel the Stage 2 changes to Stopwatch in the SimpleInterfaces example.  Key steps are outlined below.  You will also need to view the code for Stopwatch, parts 1 and 2; the hard copy of each will be helpful.  You may find it helpful to highlight the changes in part 2.  You will be concentrating on just these changes.

Overall, the focus is on implementing IUnknown and generating and using GUIDs.  You do not have to write a lot of code.  The changes you will be asked to make, described in detail below, parallel the changes in the code for Stopwatch between parts 1 and 2.

   1.
Create a new folder to hold the files, the DLL project and the client console application; e.g., a new folder named Part2-Example.  Copy your working code from lab 2’s Part 1 – Example folder to this new folder; i.e., the files:

SimpleInterfaces.h

SimpleInterfaces.cpp

IFaces.cpp


IFaces.def

SimpleInterfacesClient.cpp

   2.
In SimpleInterfaces.h, the key task (outlined in the steps below) is introduce IUnknown as the base class for IX and IY.  IUnknown is declared in <windows.h> so it and its functions are known to the system.

Just as IStopwatch now derives from IUnknown, adapt class IX to derive from IUnknown, then adapt class IY similarly.  (In the statement
  
class IStopwatch : public IUnknown

the word public means that functions which are public in IUnknown are also public in IStopwatch.  Without the keyword public, the default is private.)

IUnknown provides its characteristic Release() function, so IX and IY no longer need Release().  Delete this prototype from IX and IY.

Since concrete class CA derives from abstract classes IX, IY, and IUnknown, it must implement all of them.  CA’s class definition already has the prototypes of IX and IY, and it  has the prototype of what will now become IUnknown’s Release().  You need to add the prototypes of IUnknown’s QueryInterface() and AddRef() as the first 2 prototypes in the public section of CA.  The order is always:  QueryInterface(), AddRef(), Release().  The prototypes are:
  
HRESULT _stdcall QueryInterface(REFIID riid, void **ppvObject);
  
unsigned long _stdcall AddRef();

Since CA implements IUnknown, CA needs a private data member to store the reference count.  So add to CA’s class definition:
  
private:

    // Reference counting

    long m_nReferenceCount;
Examine how the changes in SimpleInterfaces.h have introduced IUnknown.  Save this file and close it.

   3.
Stage 2 of Stopwatch also introduces GUIDs:  an IID (interface ID) for IStopwatch and a CLSID (class ID) for CStopwatch.  Similarly, our task here will be to generate GUIDs:  IIDs for both IX and IY and a CLSID for CA, and save them as named constants in a new file, SimpleInterfaces_i.c.

Use the basic framework of Timers_i.c:  open it and save it AS SimpleInterfaces_i.c in the same folder as your other Part 2 – Example files.

Change the filename in the comment on the first line, and change the constant names in the #ifndef, #define, and #endif.  Keep SimpleInterfaces_i.c open as you generate the GUIDs, below.

If you do not have a project open, use Start/Run:  Browse to get to C:\Program Files\Microsoft Visual Studio\Common\Tools
Select GUIDGEN and OK it.  In the Create GUID window, choose format 3.
 
Select New GUID; the system will display it in the Create GUID window.
 
Select Copy to place a copy in the invisible clipboard.
 
Put the cursor where you want it in SimpleInterfaces_i.c and paste.

You will need to generate 3 GUIDs, then complete the names; e.g., the statements should begin:
  
static const GUID IID_IX  =
  
static const GUID IID_IY  =
  
static const CLSID CLSID_CA  =     
The instructor preferred the clarification of CLSID (instead of GUID) for class CA.

When you are done, Exit the Create Guid facility.



Visual C++ also facilitates GUID generation.  But you must have a project open to use the following.  Select Project/Add to Project/Components and Controls/Visual C++ Components.  Insert the component and the Create GUID window will appear.


4. SimpleInterfaces.cpp  now has to implement the 3 functions of IUnknown, using the named constant IIDs of SimpleInterfaces_i.c in QueryInterface().

Add a #include statement at the top for “SimpleInterfaces_i.c” so the named IIDs can be used here.

CA’s constructor must initialize the reference count to 0.  You declared the private data member m_nReferenceCount in SimpleInterfaces.h.  Now initialize it in CA’s constructor.

The function definition of QueryInterface() is similar to CStopwatch::QueryInterface() except that 3 interfaces are available here:  IUnknown, IX, and IY.  You can copy and paste CStopwatch::QueryInterface() from Part 2 of Stopwatch, change interface names and add a little bit of code to deal with the additional interface.  The code for IY has the same pattern as the code for IX; the only difference is the interface name.

Implement the AddRef() and Release() functions by modeling them on the implementation in Part 2 of Stopwatch.cpp.  

5. IFaces.cpp must be modified to deal with GUIDs.  Currently, it is hard-coded to dynamically allocate a CA object and return to pointer to its IX interface.  We will make it responsive to a particular CLSID and IID request.

Add a #include statement at the top for “SimpleInterfaces_i.c” so the named CLSID and IIDs can be used here.

The key change takes place in the body of DllGetClassObject().  To start, you may want to copy and paste the body (between the curly braces) of DllGetClassObject() from Part 2 of Stopwatch.  Then change the names to reflect class CA, rather than CStopwatch.

Now look carefully at the code, particularly at the call to QueryInterface().  Are additional changes necessary or does the call to QueryInterface() return a pointer to the requested interface, whether it is IUnknown or IX or IY?

Lastly, the comment statement preceding DllGetClassObject()  should be updated.

6. You are ready to create the IFaces.DLL.

First create an empty Win32 DLL project named IFaces.  Select File/New/Projects/Win32 Dynamic Link Library.  Use IFaces as the project name and set the location to be the folder you created above (e.g., Part2-Example).  OK it and finish.

Add the 5 files to this project:  Project/Add to Project/Files:
  

SimpleInterfaces.h

SimpleInterfaces.cpp
  

SimpleInterfaces_i.c

IFaces.cpp 

IFaces.def


(NOTE:  no changes were made to IFaces.def since the DLL export list is the same.)

Select Build/Build IFaces.dll and make sure you get a clean compile before continuing.

7. Now for the client piece.  In SimpleInterfacesClient.cpp, the key changes deal with the flexibility that GUIDs provide.  Open it—this is version from Part 1.

First concentrate on CreateInstance().  The Part 1 version uses only a single parameter:  the interface pointer that a call returns.  The current nested call to DllGetClassObject() uses 2 dummy parameters plus the interface pointer.

But DllGetClassObject() has been updated to use 3 meaningful parameters:  CLSID requested, IID requested, and interface pointer to be returned.  CreateInstance() must be similarly updated.  Just as in the Part 2 code of StopwatchClient.cpp, the Part 2 code here must declare CreateInstance():
        HRESULT CreateInstance(REFCLSID rclsid, REFIID riid, void** ppv)

Within CreateInstance(), the call to DllGetClassObject() should be changed to:
             hr = DllGetClassObject(rclsid, riid, ppv);

Since class and interface ID constants will be used, add a #include statement at the top of the file for “SimpleInterfaces_i.c”

Also, set the full pathname of IFACESDLL    to the DLL you have just compiled.

The remaining changes will be made in main().  Assuming we want to create an instance of CA and get a pointer to its IX interface, the call to CreateInstance() needs parameters CLSID_CA and IID_IX as the first 2 actual parameters, and its third parameter MUST be passed by reference so that it can return with the interface pointer.  Thus, the call to CreateInstance() must be:
  

hr  =  CreateInstance(CLSID_CA, IID_IX, (void**) &pX);


The Part 1 version made only IX available.  Now that IUnknown’s QueryInterface() is available, once we have a pointer to an interface on an object, we can request a pointer to another interface on that same object.  In other words, QueryInterface() enables “navigation” from one interface to another on an object.

Beneath the declaration of pX as a pointer to IX, declare pY as a pointer to IY.

First we’ll get the client running using only pX.  Then we’ll navigate to pY and use it.


8. Create a Win32 console application for the client.  Select File/New/Projects/Win32 console application.  Set its name to be SimpleInterfacesClient and its location to be the folder you created above (e.g., Part2-Example).  OK it and finish.

Add SimpleInterfacesClient.cpp to the project.  Execute.  Make sure it runs correctly before continuing.

9. The remaining changes will “exercise” the IY interface in main.  We’ll add to the code in the else block just below the calls:  pX->Fx1();     and pX->Fx2();

Remember that the prototype of QueryInterface() is:
  

HRESULT _stdcall QueryInterface (REFIID riid, void ** ppvObject);
We will add a call QueryInterface() on pX, with parameters IID_IY and pY.  The parameter pY needs to be cast to (void**) and passed by reference so it can return a pointer to an interface.  So, just after the statement   pX->Fx2(); add the call:
  

hr = pX->QueryInterface(IID_IY, (void**) &pY);

Immediately test hr for success or failure.  If successful, use pY to call each of IY’s 2 functions:  Fy1() and Fy2(), then call Release() on pY.

VERY IMPORTANT Rule of thumb:  when you the client call CreateInstance() or QueryInterface(), the last parameter of each must be passed by reference so that it can return a pointer to an interface.

(Extra credit)  If you really want to test yourself, declare a different pointer to IX (e.g., pX2), call QueryInterface() on pY to return a pointer to IX in pX2, and call both of IX’s methods on pX2. 

Hand in:

· disk (clearly labeled with your name) with source code in folder Part2-Example; the instructor will compile and execute the files created in this folder; these files must run in order for you to get credit.  

· printed copy of each of the 6 files created in Part2-Example on this lab with your name in the comment section at the top of each.  Please do NOT submit a printed copy of the files in Part2, since you made no changes to these.
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