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Midterm #1 Solution
Jim Fawcett
This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected at 6:50.  Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.

1. Compare the event models for ActiveX controls and .Net controls.  How are they similar?  How are they different?

Both ActiveX controls and .Net controls use a publish and subscribe event model with callbacks, unlike windows which uses a queued message passing system.

ActiveX controls provide connection points for each event that it exposes.  The connection point promises to call a COM interface declared by the control but implemented by the subscriber.  Clients register and unregister for notifications using the Advise and Unadvise functions on the IConnectionPoint interface provided by the control’s connection point.

.Net controls provide an event which is simply an instance of a delegate that promises to callback on a client handler with a specified signature whenever the physical event, that corresponds to the syntactic .Net event, occurs.  The delegate defines the callback signature instead of a COM interface.  The client provides a handler of the specified signature and subscribes using operator+= provided by the delegate.  A client may unsubscribe using operator-=.

Pick any three standard COM interfaces, discuss when and why you would chose to use them in a application.

IUnknown is used whenever the client acquires or releases a pointer to a COM interface.  It provides methods QueryInterface, Addref, and Release, to request a specific interface, add a new interface reference, and release an interface reference.

IDispatch is used by clients that are implemented with interpreters, like JavaScript and VB 6.0.  ActiveX controls use IDispatch so that they can be used on web pages and by ASP.  Dispatch interfaces are used because interpreters have no way of compiling knowledge of a vtable layout and therefore cannot use custom COM interfaces.  IDispatch provides the functions: GetIDsOfNames and Invoke to dispatch methods through a jump table.  The methods GetTypeInfoCount, and GetTypeInfo are used by containers to build interfaces dynamically.

IClassFactory is used by COM to create an instance of a COM object on behalf of a COM client.  It does this so that the client does not need to have any access to header files that would bind it to the object’s implementation.  IClassFactory provides the methods CreateInstance and LockServer.   LockServer is used to hold the component in memory even when there are no active references to its interfaces.

You are building an application to synchronize two directories on separate machines.  Show how you would use the .Net event mechanism to signal that the directories do or do not need synchronization.  Write all the code needed to publish the event, subscribe to the event, and raise the event.

You need to write less than a dozen lines of code.  Describe how these lines fit into the context of the project.

Assume that the publisher is a class named Publisher.

class Publisher
{
    // publish event
    public delegate void analysisComplete(bool SynchRequired);  //creates deleg. class
    public event analysisComplete synchronize;


// declares an instance
    public void doWork()
    {
 
    // do stuff leading to event

        // raise event, e.g., invoke callbacks – would be false if no synch required
        if(synchronize != null)
            synchronize(true); 
    }

    // more Publisher class stuff

};

// client subscribes for callback, perhaps in constructor, using Publisher object Pub
Pub.synchronize += new Pub.analysisComplete(syncHandler);

// client’s synchronization handler
void syncHandler(bool SynchRequired)
{
    if(SynchRequired)
    {
        // show update form
    }
    else
    {
        // show ok message box
    {
}

2. Write IDL to describe an interface that provides two functions.  The first function accepts an array of strings.  The number of strings in the array is determined at run-time.  The second function returns an array of strings, where the number of strings returned is determined at run-time.

 

See attached code.


3. Discuss the relative strengths and weaknesses of the COM and .Net object models.

The COM object model is very weak:

a. It does not support inheritance of implementation.

b. It’s type description language, IDL, does not recognize user defined types.

c. Complex process to create component objects.

d. COM’s reflection uses type libraries and is more complex than .Net reflection.

It does have the following important strengths:

e. It supports the fundamental component behavior – changes can be made in the component’s implementation without rebuilding any of its clients.

f. COM components and clients need not support the same threading models.

g. COM components and clients may be created with any compiler that implements the COM binary standard.

h. COM components can interact with script and interpreted clients through the use of the IDispatch universal interface.

The .Net object model is very strong:

a. It supports inheritance of implementation.

b. It directly supports the use and creation of user defined types.

c. Component object creation is a simple part of the .Net languages.

d. .Net reflection is a simple process provided by the Framework Class Library.

e. It supports the fundamental component behavior, as above.

f. .Net clients and components can be created with any compiler that supports
   the .Net run-time and Common Type System.

It does have the following weaknesses:

a. .Net clients and components must use consistent threading models.

b. .Net components will not interoperate with clients that do not support the 
   .Net CLR.

c. .Net components have no way of interacting with script, as they have no 
   equivalent of the IDispatch interface.  They do interoperate with ASP.Net
   through the code-behind mechanism.

4. Describe the anatomy of an In-Process COM component.  Be as complete as you can.  For each part, describe how the component, COM infrastructure, and component’s client interact.

An in-process component is implemented in a dll server containing five dll functions, dllMain, dllCanUnloadNow, dllGetClassObject, dllRegisterServer, and dllUnregisterServer.
a. COM uses the dllGetClassObject to obtain a pointer to the component’s class factory.

b. It uses dllCanUnloadNow to decide when to unload the dll from memory.

c. It uses, through regsvr32, the dllRegisterServer and dllUnregisterServer to make needed entries in the local registry.


The server provides a class factory, supporting the IClassFactory or IClassFactory2 interface.
a. COM uses the pointer to the class factory to create an instance of the 
   component’s class and returns a pointer to the requested interface.

It provides a custom or disp interface, or both, that derive from IUnknown and are described by an IDL file.  It provides a class to implement the interface.
b. Clients use the pointer to custom interface, returned by COM, to access the

   methods of the component and to request new interfaces and release an

   interface after use.

It provides GUIDs to uniquely identify component and its interfaces, stored as keys in the registry when the client uses regsvr32.

It provides a reference count to support management of object lifetime, modified by the client calls to AddRef and Release functions of the IUnknown interface.  When the reference count goes to zero COM will eventually unload the component’s dll from memory.


5. Does .Net use reference counting for its controls?  If so, why?  If not, why?

.Net does not use reference counting.  The garbage collector takes care of de-allocating all unused components.

The garbage collector does track references, but that process is much more than simple reference counting and requires no programmer actions.

For non-memory resources the programmer must implement the IDisposable interface’s Dispose method, or in C#, implement a destructor.
6. When are calls from a client to a COM component marshaled?  State the general case, then be as specific as you can be about when that happens.

COM marshals all calls between apartments.

In traditional COM an in-process component resides in the same apartment as the client if, and only if, it shares the same threading model as the client or has a threading model of “Both” and, if the apartment is an STA, was created by the calling thread.

Out-of-process components and their clients always reside in different apartments.

COM+ objects must also share the same security and transactional model as the client.  However, this was not discussed in class, so you are not responsible for this part of the answer.


7. What are a proxy and stub?  When do you need them?  What are their roles?

A proxy is an in-process component, residing in a client’s apartment, that represents a single component interface.  It is responsible for mapping client calls into network data packets, and reversing that process for returned values.  If a component supports more than one interface a proxy manager contains a separate proxy for each interface.  The proxy manager uses COM aggregation to simulate the behavior of the component.  It is the proxy’s job to marshal function arguments to the component and accept returning arguments from the component.

A stub is component side COM code, residing in the component’s apartment that accepts incoming data from the network connection and builds arguments for calls to the component methods.  It returns result arguments (which appear to be side-affects to the component designer), marshaling them back to the client’s proxy.

Proxies and stubs are needed whenever the client and component reside in different apartments.
8. Describe the marshaling process for an Apartment Threaded out-of-process COM component.

Marshaling is the process of mapping function calls into network data packets and back again for return values.

An out-of-process component and its client always communicate through marshaling, either by TypeLibrary marshaling, standard marshaling, or custom marshaling.

If the component resides in an STA marshaling results in requests being mapped into windows messages which are extracted and processed from a windows message loop in the component apartment.  The messages are created by the RPC channel and deposited in the message loop by an RPC thread.  All the messages are extracted by the single component thread and processed to conclusion before the next message is extracted, thereby synchronizing access to the components methods.



The paragraph below completes discussion of marshaling but is not part of the answer.

If the component resides in an MTA its main thread blocks and RPC threads are dispatched to directly access the component’s methods.  Because this access can be concurrent the component must synchronize its methods and global data.
9. What is .Net?

.Net consists of the following parts:

· An object model that supports garbage collection and two kinds of types:

a. value types that are defined on the stack and are restricted to primitive types like ints and doubles, enumerations, and structs

b. reference types that constitute strings and all user defined types as well as a host of standard types defined in the FCL, like delegates. 

· A run-time component, the Common Language Run-time or CLR, implemented as a COM component, that manages execution of every .Net executable and library in accord with the .Net object model.
· A Common Type System or CTS that defines a set of types that are used to support interoperation between any two or more .Net languages.

· A Framework Class Library or FCL that defines thousands of nicely encapsulated types that all support the .Net object model.

Midterm #2 Solution
Jim Fawcett

This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected at 6:50.  Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.

1. Describe the anatomy of a COM client.  Be as complete as you can.  For each part, describe how the client, COM infrastructure, and the COM component interact.

This question was designed to see if you know how to build a COM client.

A COM client may be either a console application or windows (Forms for example) application.  It has no other special structure.

It must include:

a. a header file, that describes component interfaces, generated by compiling a COM component’s IDL file.
b. a COM header file, usually atlbase.h or objbase.h depending on whether it was created with ATL or not, that declares the COM services.

and it must link to the obj file generated from a C implementation file, generated by compiling the component’s IDL file, that defines the GUIDs of the component.

COM clients must:

c. call CoInitialize(Ex) to request COM to establish an apartment.
d. call CoCreateInstance to access its component(s).  This call is either to the global COM function or the member function of a COM smart pointer.  It results in COM finding the component’s class factory through a call to dllGetClassObject.  After creating the component COM passes back a pointer to the requested interface.
e. Call interface methods provided by the component(s) through an interface pointer provided by COM, either directly or through a smart pointer.  If the client and component are in the same apartment these calls are direct.  Otherwise they are marshaled through the services of a proxy dll in the client’s address space and a stub in the component’s address space.
f. Call release when done with the interface if the pointer was obtained through a direct COM call (but not when obtained through a smart pointer).  This will decrement the component’s reference count and when zero signals COM that the component dll may be unloaded from memory.
It must de-allocate any memory allocated by the component using CoTaskMemAlloc for arrays and SysFreeString for BSTRs.

2. Does .Net use object factories?  If so, why?  If not, why?

No it does not.  The .Net object model uses references to all components that contain no implementation detail.  It uses a new operator, defined by all .Net languages, that uses the component’s metadata to decide how much heap memory to allocate and how to initialize it, rather than use client code compiled from a header file to do those things.  Therefore, no object factories are needed to separate clients form the implementation details of the components it uses.

All that is required is that the components it uses be implemented using .Net libraries so that the client can link to them at load time rather than statically line at compile time.

What is a COM apartment?  How and when does a client create one?  Does a server ever create an apartment?

A COM apartment is defined by an OXID that is deposited within the creating thead’s thread local storage.  The OXID uniquely defines the apartment and all threads that are allowed to enter it.

This is only the creating thread if it was created by calling Cointialize(NULL) or CointializeEx(NULL, COINIT_APARTMENTTHREADED).  If the apartment was created by calling CoinitializeEX(NULL, COINIT_MULTITHREADED) then it may be accessed by any thread that made the same call.

An out-of-process server must always create an apartment by calling one of the two Conitialize(Ex) forms described above.  An in-process component does not need to call Conitialize(Ex) as it will join the client’s if it has an appropriate threading model.  Otherwise, COM will create an apartment of the appropriate type for it.

3. In a COM project is it possible to marshal calls between client and component without building a proxy stub pair?  Please elaborate.

Yes.  This is done by using TypeLibrary marshaling, which uses the COM provided automation marshaler.  A component does this by declaring the oleautomation attribute in its IDL file and by using only Automation types within the IDL.

For the other two cases proxy stub pairs must be built:

a. Standard marshaling uses proxy/stub code generated by MIDL

b. In custom marshaling you build what ever proxy/stub code suits your fancy.

4. Describe the marshaling process for a multi-threaded out-of-process component.

An out-of-process component and its client always communicate through marshaling, either by TypeLibrary marshaling, standard marshaling, or custom marshaling.

Marshaling is the process of mapping a method invocation to a set of network or IPC data packets, sending the packets, and reconstituting the call stack at the receiver, making the call, and sending back results using the inverse mapping process.

If the component resides in an MTA its main thread blocks and RPC threads are dispatched to directly access the component’s methods.  Because this access can be concurrent the component must synchronize its methods and global data.

The RPC channel creates a pool of RPC threads for processing client requests.  When a client request arrives, an RPC thread is dispatched to process the requested interface function, even if another thread is already active in the MTA.


5. What is COM?

COM is:

a. A binary standard that essentially describes the C++ vtable structure as the access protocol to a component.

b. A weak object model that does not support inheritance of implementation or the passing of user defined types.  

c. COM uses RPC as the component object access protocol for clients that do not share the same threading model or process with their components.

d. The object model is based on the use of interfaces and class factories to isolate clients from the component’s implementation details.

e. COM uses GUIDs as keys in the Windows registry to provide location transparency.

f. It provides run-time infrastructure that supports a component model by isolating clients from all component implementation details other than those specified for its interfaces through IDL.  Thus, a component can be modified, and still the client can operate with the new component without being rebuilt.
g. A host of standard interfaces to support a publish/subscribe event model, a universal access method for clients that are not compiled, a container/component model that supports sophisticated interactions including activation and presentation, and means for defining documents (structured storage)

6. What role does inheritance of implementation play in both the COM and .Net object models.  Please explore briefly the consequences of your answer for software designers using COM and .Net.

COM does not support inheritance of implementation while .Net does.  This means that COM must provide other means than inheritance of COM objects to provide access to standard pre-existing COM objects.  The standard means provided are MFC and ATL.  Both can provide access to lots of standard COM components and hide much of the complexity involved in doing so, but both MFC and, to a lesser extend, ATL are complex facilities themselves.

COM has a well-earned reputation for being very complex.  .Net, on the other hand, due to its inheritance of implementation, isolating object model, and beautifully designed encapsulation, is remarkably easy to use.
7. Write IDL to describe an interface that provides a function accepting an array of strings and returning a modified array of strings.  The number of strings returned may be different than the number supplied.  You may use any string type accepted by IDL.  You only need to show the IDL for one specific string type.


 

See the attached code.  The code provides a solution to
 

Question #4 in Exam #1, but the design is essentially the
 

same as needed here.
You are building a test suite to support the conduct of multiple tests on some software system.  Show how you would use the .Net event mechanism to signal that a test succeeded or failed.  Write all the code needed to publish the event, subscribe to the event, and raise the event.


You need to write less than a dozen lines of code.  Please relate these to the context of the application.


Assume that the publisher is a class named Publisher.

class Publisher
{
    // publish event
    public delegate void allTestsPassed(bool ok);  
//creates deleg. class
    public event allTestsPassed testsOK;

// declares an instance
    void doTesting()
    {
        // do stuff leading up to event
        
        // raise event, e.g., invoke callbacks – would be false if a test failed
        if(testsOK != null)
            testsOK(true);
    }

        // more class stuff
}; 


// client subscribes for callback, perhaps in constructor, with Publisher object Pub.
Pub.testsOK += new Publisher.allTestsPassed(testComplete);

// client testComplete handler
void testComplete(bool passed)
{
    // display or log results and data about failures if needed
}

Identify any three standard COM interfaces, describe them in as much detail as you can, and discuss their purposes.

IUnknown: - Get an interface pointer and manage reference counts

HRESULT QueryInterface(REFIID id, void** ppv) accepts a reference GUID of an interface and returns an interface pointer if available.
  
ULONG AddRef() is called to increment a component’s reference count whenever an 
interface pointer is being aliased.

ULONG Release() is called when a client is finished using an interface, which results in the reference count being decremented.

IClass Factory: - Create a component instance and lock in memory

HRESULT CreateInstance(IUnknown* pUnkOuter, REFIID id, void** ppv) is used by COM to create an instance of the class that implements REFIID on behalf of the requesting client.

HRESULT LockServer(BOOL lock) allows a client to request a component to stay in memory even after all references are released.  This is done to avoid construction costs for components that receive a lot of traffic.

IDispatch: - Get type info and call a method with universal interface

HRESULT GetTypeInfoCount(unsigned int FAR* count) returns 1 if object supplies type information.

HRESULT GetTypeInfo(unsigned int info, LCID lcid, ITypeInfo FAR* FAR* ppInfo) returns a pointer to requested TypeInfo object, used to build interfaces dynamically.

HRESULT GetIDsOfNames(
  REFIID id, 
  OLECHAR FAR* FAR* names, 
  unsigned int numNames, 
  DISPID FAR* dispID
); 
returns an array of dispatch ids matching supplied names, e.g., method name and names of its parameters.

HRESULT Invoke(
  DISPID FAR* dispID
  REFIID id, 
  LCID lcid,
  WORD pFlags,
  DISPPARMS FAR* dispp,
  VARIANT FAR* pResult,
  EXCEPINFO FAR* pEI,
  unsigned int FAR* pArgErr
);

Access properties and methods using dispatch table, indexed by dispIDs.

8. Compare the object models for C++ and .Net.  How do their differences contribute to the different component models used for COM and .Net.

COM uses the C++ object model.  

The C++ object model supports value semantics in which copies and assignments are deep.  A client of a component must include a header file describing the types defined by the component and used by the client.  This binds the client to any implementation detail in the header file.

Some of COM’s complexity derives from this object model.  COM components must supply interfaces and class factories and COM must broker their use to avoid binding the client to the component’s implementation.

Lack of implementation inheritance is not a consequence of COM’s using the C++ object model.  COM does not support this because the COM designers decided not to, or could not figure out how to and still meet their other objectives like language independence.

.Net uses a reference object model in which all user defined objects reside on the heap and are accessed through references held by the client.  .Net run-time provides creational services, using operator new, based on metadata type information that every .Net assembly carries.  These two facts result in the client having no reference to component implementation detail and is part of the reason why .Net components are so simple to create and use.

.Net’s language neutrality is not due to its object model.  Rather it is due to the fact that all .Net languages are the same except for variations in syntax.

