CSE681 - SW Modeling and Analysis
                       MidTerm Examination B
Summer 2007

Instructor’s Solution for Examination B
Name:______________Instructor’s Solution____________________  SUID:________________________

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 promptly at 11:00 AM. 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. Write an XML representation for a message that contains source and destination addresses and a body containing the message content.  Write C# code that parses the message into its constituent parts.

<msg>
  <source type="toolUI"><saddress ip="localhost" port="2048" /></source>
  <destin type="toolLIB"><daddress ip="localhost" port="2048" /></destin>
  <body>some action required</body>
</msg>

    public override string ToString()
    {
      TextWriter tw = new StringWriter();
      XmlTextWriter xtw = new XmlTextWriter(tw);
      if (formatted)
        xtw.Formatting = Formatting.Indented;

      else

        xtw.Formatting = Formatting.None;

      xtw.WriteStartElement("msg");
      xtw.WriteStartElement("source");
      xtw.WriteAttributeString("type", this.source);

      xtw.WriteStartElement("saddress");
      xtw.WriteAttributeString("ip", this.saddr);

      xtw.WriteAttributeString("port", this.sport);

      xtw.WriteEndElement();
      xtw.WriteEndElement();
      xtw.WriteStartElement("destin");
      xtw.WriteAttributeString("type", this.destin);

      xtw.WriteStartElement("daddress");
      xtw.WriteAttributeString("ip", this.daddr);

      xtw.WriteAttributeString("port", this.dport);

      xtw.WriteEndElement();
      xtw.WriteEndElement();
      xtw.WriteElementString("body", this.body);

      xtw.WriteEndElement();
      string rtn = tw.ToString();
      xtw.Close();
      tw.Close();
      return rtn;
    }
2. What are the benefits and liabilities of using .Net delegates?

Answer:

.Net delegates provide a relatively simple way to construct many-to-many notification relationships that can be constructed, changed, and torn down at run-time.  They also decouple publishers from the concrete types of their subscribers.

The delegate mechanism is a relatively expensive form of communication in terms of computational effort, and, should an event handler throw an exception, notification ceases.

3. Suppose that you are a software architect, assigned to provide an architecture for the ADSCS system of Project #5.  What are your responsibilities for this project?  Cite the top three critical issues for this system.  Can you think of any other important issues?

Answer:

As architect you are charged with determining the feasibility of the project, providing a concept for its development, and identifying any critical issues for that development.  To do so, you:


· Identify key users of the system, and explore ways of satisfying their needs.

· Define a top level partitioning, define responsibilities of each part, explain their interactions,  identify key events and threads of execution.

· Publish your analysis in a concept document that emphasizes user interactions with the system and critical issues in its development.


Critical issues for the ADSCS system are:

· Load on the Test Harness server.
· Turning the mass of test results data into useful information for the development team, especially QA and management.

· Support for browsing the current baseline structure without overloading the Repository server – should probably offload to individual clients.

· How to find components for reuse in a repository of 10,000 modules.

· How to make the management and use of a relatively complex system easy and quick.  We expect to use agents for this purpose, but have not developed a concept for their use.
· Providing secure storage and retrieval for the Project’s source code, avoiding disclosing proprietary information to outsiders.

4. Write code for a class that provides the thread processing function for the AWrapper class, shown in Figure 2 of the Project #5 statement, attached. 

  public abstract class AWrapper : IMsgPass, IDisposable

  {
    private BlockingQueue<Message> BQ = new BlockingQueue<Message>();

    protected IMsgPass target = null;
    //----< incoming message for wrapper >-----------------------------

    public void PostMessage(Message msg)
    {
      BQ.enQ(msg);
    }
    //----< target for wrapper outgoing messages identifies self >-----

    public void Register(IMsgPass callback)
    {
      target = callback;
    }

    ///////////////////////////////////////////////////////////////////
    // The important part is here

    //
    //----< used by wrapper to process incoming message >--------------

    public virtual void ProcessMessages()
    {
      while (true)
      {
        Message msg = BQ.deQ();
        if (msg.body == "quit")
        {
          break;
        }
        Message rtnMsg = dispatch(msg);
        if (rtnMsg != null && target != null && msg.body != "reply")
          PostRemoteMessage(rtnMsg);
      }
      // clean up remaining messages before quitting

      while (BQ.size() > 0)
      {
        Message msg = BQ.deQ();
        Message rtnMsg = dispatch(msg);
        // don't send replies while shutting down

      }
    }
    ///////////////////////////////////////////////////////////////////
    //----< wrapper sends a message to a recipient >-------------------

    public void PostRemoteMessage(Message msg)
    {
      if(target != null && !target.isDisposed)
        target.PostMessage(msg);
    }
    //----< wait for wrapper message loop to terminate >---------------

    public void Wait()
    {
      if(msgThread != null)
        msgThread.Join();
    }
  }

The child thread simply dequeues messages and calls dispatch(msg).
5. Describe the role of a socket listener in a socket-based communication system.  Discuss two alternate ways for the listener to handle connection requests.

Answer:

The socket listener waits for, and accepts, requests to connect to a local socket.  When a connection request arrives it creates a child thread, its processing function, and hands off the new socket it created (to the class of the processing function).  Then it goes back to listening for connections.

Listeners handle connection requests by creating a class with a processing function, as described in the first paragraph.  The processing function normally works in one of two ways:

· It frames a message by extracting characters from the socket and posts the message to a queue.
· It frames a message, as above, then proceeds to process the message, and may, when done, send back a reply.
6. Describe the process structure that the .Net run-time provides for executing managed code.  Describe the importance of this structure for the implementation of the test harness you provided for project #2.  How should your proposed use of this structure change for Project #5.

Answer:

Any Windows process that will execute managed code is created with a default Application Domain, represented by an instance of the AppDomain class.  The assembly that will be executed in the process is then loaded into the default AppDomain instance.  This code, may in turn, create one or more child AppDomain instances into which it loads other code to be executed.

Each AppDomain is endowed with a default context that represents the threading and security environment in which its code executes.  The AppDomain code may create additional contexts which modify conditions under which its code executes.

Since Project #2 was developed with managed C# code, all processes within that project held AppDomain instances in which the project code executed, providing services of loading, just-in-time compilation, execution management, and garbage collection.

One important property of an AppDomain is that its instances provide isolation from code running in other AppDomain instances in that process.  This will be important for the Test Harness of Project #5, as individual tests may often have execution problems and throw exceptions.  We do not want execution problems with test and tested code to interfere with the normal operation of the test harness, so we will execute all code with an AppDomain separate from that of the test harness code itself.

Also, the Test Harness of Project #5 will run many tests and will need to load some, test them, and unload them, before loading another group of tests.  Assemblies, however, cannot be unloaded.  Therefore, the Test Harness will need to load a group of tests into a child application domain for testing, and then unload the child domain.  It then creates another child application domain, loads more tests, then unloads that child, continuing this way until all testing has completed.
7. Describe the activation models used in .Net remoting.  How do they differ and why might you choose to use each one in different projects?
 
Answer:

.Net activation models are: 
i. SingleCall: each client gets an instance of the remote object running on its own thread.  The object is created at the time of the call and discarded for garbage collection when the call finishes.

ii. ClientActivated: each client gets an instance of the remote object running on its own thread.  The object is created when the client requests activation with the new command.  It’s life-time is determined by a lease period, which is extended for each call within that time period.  If no calls are made during any one of these extensions, the object is discarded for garbage collection.

iii. Singleton: each concurrent client shares a single instance of the remote object.  The object is activated the first time a client makes a call.  It’s life-time is determined by a lease period that works the same as for clientActivated.


SingleCall is the simplest model, and should be used when calls are relatively infrequent.  ClientActivated avoids many creations in high call density scenarios.  Singleton should only be used when it is important to share state between clients and you are willing to manage persistence of that state when the object’s lease expires.  Note that you have to lock accesses to the remote object’s state due to the possibility of concurrent access to that state.  Locking will tend to degrade the object’s performance.
8. Draw a UML diagram that represents a set of interactions between the Repository of Project #5 and a Client attempting a check-in?  When do you think a check-in should fail?  Why would you design the system to do that?
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Check-in fails if the item being checked in has not been checked-out by the Responsible Individual checking in.  This policy supports the principle of no fork / no merge for items.  It will also fail if the last check-in is still open.  I would add the condition that the check-in must provide evidence of a successful build.
9. Why are queues an important part of many distributed systems.  Would you ever use queues in a system using Remote Procedure Calls (RPCs)?  Why or why not?

Answer:

Queues directly support asynchronous communication between two threads.  A sending thread may deposit a message at any time, independent of the receiving thread, and the receiving thread may remove the message at any time after the message was enqueued.

Thus, queues avoid the need for a rendezvous between sender and receiver, and allow them to operate at different rates, provided that the receiver average dequeuing rate is faster than the sender’s average enqueuing rate. 

Queues are not directly applicable to systems using RPC since the remote communication is simply a function call (through a proxy).  However, we can use queues in systems using .Net Remoting or Web Services if you use their RPC mechanisms to implement message-passing, e.g., the remote calls simply post or retrieve messages.  You might do this to implement a reusable communication link that is not welded to some specific application (remote) object.
10. What is a .Net monitor and how does it relate to a .Net lock.  What happens when an exception is thrown inside a lock?

Answer:

A .Net monitor provides mutually exclusive access to some reference type resource shared among two or more threads.  Note - it works correctly only with reference type arguments.

A lock: 

lock(someObject) { /* exclusive use of someObject */ }

has semantics equivalent to the Monitor code shown below:

Monitor.Enter(someObject);
try
{
   /* exclusive use of someObject */
}
finally
{
   Monitor.Exit(someObject);
}

Thus, if an exception is thrown inside a lock, the lock will be released, before the exception propagates out of the current scope.
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