CSE775 – Distributed Objects

Spring 2004


Midterm – Instructor’s Solution
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 8:20.  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. In Project #2 you are making COM components out of CppToker and CppSemiExp.  Assuming that your client will interact directly with CppSemiExp
, write the IDL for an appropriate interface that allows you to specify the file to be parsed and to ask for the next available semi-expression.  Please pass back the semi-expression as an array of BSTRs.

// Q1.idl : IDL source for Q1

//

// This file will be processed by the MIDL tool to

// produce the type library (Q1.tlb) and marshalling code.

import "oaidl.idl";

import "ocidl.idl";

[


object,


uuid(E8B5D448-8BCE-4FF3-9632-A40AAF9BE24D),


dual,


nonextensible,


helpstring("IScanFile Interface"),


pointer_default(unique)

]

interface IScanFile : IDispatch{

  [id(1), helpstring("method putFile")] HRESULT putFile([in] BSTR file);

  [id(2), helpstring(
  "method get")] HRESULT get([out] ULONG* size, [out,size_is(1,*size)] BSTR** semiExp);

};

[


uuid(83EB5CB9-53F0-40BD-9584-8F24C5116797),


version(1.0),


helpstring("Q1 1.0 Type Library")

]

library Q1Lib

{


importlib("stdole2.tlb");


[



uuid(60738CE2-8FD6-421F-924B-D827EAFD117A),



helpstring("ScanFile Class")


]


coclass ScanFile


{



[default] interface IScanFile;


};

};

2. What is the importance of the IDispatch interface?  What does it imply about the client of this interface?  Describe its methods and what they are used for.

IDispatch is a generic interface that does not require a client to compile an interface definition.  Instead it uses GetIDsOfNames and Invoke to define, given a method and parameter names, a DISPID index to access one of a finite number of methods exposted by the interface, and to access that method, respectively.

The client need not be a compiled language.  It can be any interpreted language that understands the IDispatch interface, e.g., JavaScript, pre .Net Visual Basic, Python, Ruby, etc.  Of course, compiled languages may also use an IDispatch interface, as shown by an example in the Dispatch folder.

The IDispatch interface provides four functions:
a. GetTypeInfoCount
returns number of ITypeInfo interfaces supported

b. GetTypeInfo

returns a pointer to a TypeInfo object

c. GetIDsOfNames

returns a pointer to a DISPID array of IDs

d. Invoke


calls a method or accesses a property

3. Describe the COM memory management rules.  What are names of the COM-based allocators and when are they used?  May you ever use a non-COM based allocator when using a COM component?

COM-based memory allocators are required whenever the client and component both participate in memory management.  This is so because they may be implemented with different compilers, and even different languages, so COM must provide the memory management process for these situations.  Note that this has nothing to do with marshaling or remoting.

Clients allocate and free memory for all [in] parameters.  The memory may be static, stack, or heap, since the component will not reallocate or delete.  The client is free to use any memory allocator, either COM or C++ operator new, or simply declare the allocation on the stack or in static memory.

Clients allocate and delete memory for all [in, out] parameters using CoTaskMemAlloc (SysAllocString for BSTRs), and CoTaskMemFree (SysFreeString).  The component is free to reallocate this memory if it needs to do that.

The component allocates all memory for [out] parameters, using CoTaskMemAlloc (or SysStringAlloc for BSTRs).  The client is required to delete this memory using the appropriate COM allocator, e.g., CoTaskMemFree or SysFreeString.
4. Imagine that you are the software architect for development of a large distributed software system.  What are the advantages and disadvantages of using a component
 technology?  What are your choices for component technology and what factors would influence you choice?

The advantages of using a component technology are:
a. Components may be modified to eliminate latent errors and enhance performance without rebuilding their clients.

b. Components have very strong encapsulation which promotes simple dependency structures in large programs.

c. A system built with component technology is, by its nature, very partitionable, and so it is easy to assign independent parts to different teams for development or maintenance.

d. Some technologies support the development of components and clients with different compilers and even different languages.

The disadvantages of using component technology are:
a. Clients must load the components at startup or by some lazy initialization scheme.  The former causes the user to wait while components are loaded and initialized.  The later is more complex and requires more design and maintenance effort.
b. Component technologies like COM and CORBA are complex, require a steep learning curve, and will not be around forever.

c. Some component technologies, COM for example, have very weak object models.  They can not pass user defined types across interfaces, and do not support inheritance of implementation.

d. Building systems from components requires developers with special, expensive skills.

The choices are: COM, .Net Components, Java Beans, CORBA, or C++ using interfaces and object factories.

The factors affecting which should be used are: experience of the developing organization with one of the above, and which platforms it targets for its products.

5. What are the major parts of a component.  Pick two alternative technologies and describe how those parts are made available
.

A component supports at least the following attributes:
a. Interfaces - defines its services through interfaces

b. Class Factory – creates instances with a class factory

c. Type Query - provides some means of indentifying interface types supported by the component

If the component is also a control it supports:
d. An event model

e. Properties

f. Provides a graphical interface that is integrated into the client’s interface.


COM makes these parts available with:

a. IDL definition of its interfaces

b. A class factory that supports the IClassFactory or IClassFactory2 interface
c. A type library, obtained by compiling its IDL.  Clients can interrogate a component for specific interfaces at run-time using QueryInterface(…).
d. Uses the standard connection point interface

e. Provides properties only through the IDispatch interface

f. Provides a graphical user interface through developer written windows programming with MFC, ATL, or Win32 programming models.

.Net makes these parts available with:

a. A .Net interface, abstract class, or ordinary class (clients are isolated from the component implementation by virtue of the shallow reference object model and use of metadata by the Common Lanuage Runtime (CLR)

b. The CLR operator new uses the components metadata to create new instances on the managed heap, so that its clients carry no implementation detail.

c. Provides type information through its reflection classes
d. Uses delegates and event qualifications of delegates to support a powerful event model

e. All .Net classes natively support properties

f. Provides a graphical user interface using Winform technology.

6. Write client code, component code, and IDL for a COM interface that specifies a file name and path, and returns an error message if the file can not be opened
.

  Client Code:



This code assumes path is part of file string
  CoInitialize(NULL) ;

  try

  {

    CComQIPtr<IScanFile> pSF;

    pSF.CoCreateInstance(CLSID_ScanFile);

    if(pSF)

    {

      CComBSTR file = "CComClient.cpp";

      wcout << L"Processing file: " << (wchar_t*)file << endl;

      HRESULT hr;

      hr = pSF->putFile(file);

      if(!SUCCEEDED(hr))

        throw "call to putFile(BSTR) failed";
    }

    else

    {

      throw "could not create ScanFile instance";

    }

  }

  catch(const char* msg)

  {

    cout << "\n  " << msg << "\n\n";

  }
  CoUninitialize() ;



Component Method Code

STDMETHODIMP CScanFile::putFile(BSTR file)

{

  CComBSTR bstr(file);

  const char* name = (COLE2T)bstr;

  in.open(name);  // in is a stream member of component class
  if(!in.good())

  {

    return E_FAIL;

  }

  return S_OK;

}


IDL:
[id(1), helpstring("method putFile")] HRESULT putFile([in] BSTR file);

7. What distinguishes a control from a component?

To be a control a component supports at least two of these three capabilities: events, properties, and a graphical user interface.
8. Suppose that Project #2 had required you to use .Net component technology instead of ATL-based COM.  Write code to show how  your component would signal the “failure to open file” event to its .Net client.  You may assume that the client is written in either managed C++ or C#, whichever you prefer.  This question requires you to write a little code for both the component side and the client side.

using System;

using System.IO;

namespace Q8

{

  class PseudoComponent

  {

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

  // defining event    
    public delegate void fileError(string name);

    public event fileError error;

    public void processFile(string pattern)

    {

      string name = "";

      string[] files = Directory.GetFiles("..\\..");

      foreach(string file in files)

      {

        name = Path.GetFileName(file);

        if(name == pattern)

        {

          Console.Write("\n  processing file {0}",pattern);

          return;

        }

      }

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

    // file error event

      if(error != null)

        error(pattern);

    }

  }

  class PseudoClient

  {

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

  // client event handler

    void fileErrorHandler(string name)

    {

      Console.Write("\n  can't open file {0}\n",name);

    }

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

  // client executive

    [STAThread]


 static void Main(string[] args)


 {

      PseudoComponent pc = new PseudoComponent();

      PseudoClient pcl = new PseudoClient();

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

    // register subscriber to event

      pc.error += new PseudoComponent.fileError(pcl.fileErrorHandler);

      pc.processFile("Q8.cs");

      pc.processFile("foobar.cs");

      Console.Write("\n\n");


 }

  }

   }
9. Why is COM aggregation implemented with more than one IUnknown interface for at least one of the component participants?  Describe the COM policy that governs this design.

COM aggregation is a process of composing two or more COM objects and making them appear to be a single component.  All interfaces of all components are available to the client as if they belong to a single component.  Aggregation is used, for example, to make the proxy manager appear to be a single component that supports possibly multiple interfaces, one for each interface on the real component, even though each of the proxied interfaces is implemented with separate COM components, and loaded only as needed.

COM aggregation is governed by the COM interface policy, e.g., interfaces must be reflexive, transitive, and symmetric.  Also, every request for a pointer to IUnknown must yield the same address, even if requested from more than a single interface pointer.

The inner aggregated component does not know about the outer interface, other than it exists, so if a request for interface fails it must delegate the request to the outer component.  Similarly, so that the client gets only a single IUnknown address, the inner component must delegate all requests for IUnknown to the outer component.  However, any request for an interface that the inner component can handle is handled by its non-delegating IUnknown interface.
10. What are the similarities and differences in marshalling between client and component for STA and MTA out-of-process components?

Both STA and MTA out-of-process components need to communicate with their clients through proxy/stub pairs, using the RPC channel.  They are both bound by the same constraints as far as data types that can be passed.  Clients may make either synchronous or asynchronous calls on both STA and MTA out-of-process components.

For an STA out-of-process component, the component’s main thread initializes the component and then starts a windows message loop.  RPC channel threads deposit messages in the queue requesting an inteface function evaluation.  Those messages are serviced by the component’s main thread, so there is no chance for conflict between threads from multiple clients.  All service is provided by the single component main thread.

The main thread of an MTA out-of-process component initializes the component, creates an unsignaled event and waits on it.  This keeps the component process alive in memory, and RPC thread pool threads are dispatched for each client request to evaluate the requested interface function.  Since clients may make concurrent requests, the RPC thread pool threads may conflict and so all shared resources must be synchronized.  All member data, global data, and static data are potentially shared and must be synchronized.  When the final client interface is released and when no server locks are outstanding the final release sets the event, the wait returns and the main thread terminates.
� Your design may not do this, but please use this design strategy to answer the question.


� We use the term component, throughout this examination, in the sense discussed in class, e.g., an entity with the specific properties we have discussed.  Noting these properties is a good way to start the answer to this question.


� This is a question about the anatomy of a component, not the details of its design.


� Here, you are not being asked to write the entire client or component.  Just write code that handles the specific tasks of specifying a file, attempting to open it, and reporting error information.  You may choose to use either a custom error message or use a COM specific error protocol.





