CSE681 - SW Modeling and Analysis
                       MidTerm Examination A
Fall 2004


Examination A
Name:__________________________________________________  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 9:00 PM. 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. When you describe the architecture of a system, what do you discuss?

The Operational Concept Document is where we normally disclose a system’s architecture.  The purpose of the OCD is to assess the feasibility of the system, identify any potential critical issues, providing suggested solutions, and develop the structure of the system.

Always combine text descriptions with UML and other diagrams used in standard ways to make your presentation as effective as possible.  An executive summary provides a synopsis of your findings.  Your presentation should cover:

1. Goals:
What is the system concept?  What is it required to do?

2. Uses:
Who are the principle users, what can they accomplish using the system?  Is there a larger potential user base or more effective uses than those specified in the goals? 

3. Tasks:
What are the main activities needed for the system to meet its goals?

4. Partitioning:
How have you separated processing into top level modules?  What are their responsibilities?
5. Interactions:
How do the users interact with the system?  How do the top level modules interact with each other?  What lower-level services are needed for the system to accomplish its goals?

6. Events:
What are the most important system events, user events, and external environment events?

7. Views:
How does the user interface look and feel?  Are there important data structures?  Are there models or metaphors that would help guide the system development?
8. Performance:
Are there time or memory performance issues?  How many concurrent users are expected?  Are there smart ways to cache data or actions to make the performance better or the system more useable?
9. Critical Issues:
Are there critical issues that may affect the success of the system implementation?  Things we don’t yet know how to do?  Concurrency or load model issues or unknowns?  You list the issues, and for each, discuss its impact on system and provide a suggested solution or indicate that you have none and propose further study.  Very often prototype code is written to help explore potential solutions.
2. Suppose that I pass a reference type to a member function of some C# class.  If I want to change the object that is referred to inside the function, and have the original reference converted to the new object, how would I accomplish that?  Please explain why your solution works.

Pass the reference type using a ref qualifier.  That results in creating a reference to the reference to the object stored on the managed heap.  If, inside the member function, the reference is changed to refer to some new object, the external reference will also be changed.  This excerpt is from the code example “QA2RefExample”:

class refExample

   {

     void changeObj(ref StringBuilder s)

     {

       s = new StringBuilder("a new string");

     }

     void doNotChangeObj(StringBuilder s)

     {
       s = new StringBuilder("a new string");

     }

     [STAThread]

     static void Main(string[] args)

     {

       refExample re = new refExample();

       StringBuilder s = new StringBuilder("hello");

       Console.Write("\n  Hashcode of object is: {0}",s.GetHashCode());

       re.doNotChangeObj(s);

       Console.Write("\n  Hashcode of object is: {0}",s.GetHashCode());

       re.changeObj(ref s);

       Console.Write("\n  Hashcode of object is: {0}",s.GetHashCode());

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

     }

   }

  Hashcode of object is: 1  <-- initial object
  Hashcode of object is: 1  <-- same object
  Hashcode of object is: 2  <-- a new object

  Issue here is to change the object referred to, not its value on managed
  heap!
3. Write code to declare and define a delegate that will invoke a function that accepts an array of integers.  Please also, write code to register for an invocation, and make an invocation.  Why might you want to use a delegate?

    Declare:
    public delegate void DemoDel(int[] arr);

    Define:
    public event DemoDel myDel;
    Register:
    pub.myDel += new QA3delegate.Publisher.DemoDel(showArray);
    Invoke:
    int[] arr = { 0, 1, -2, 3, -4 };

       if(myDel != null)

         myDel(arr);

      See cse681/mt/code/QA3delegate

4. Write C# code that creates a thread that reads data from a socket, frames messages, and deposits them in a queue.  You may assume that code not shown has already created a queue and socket. 

 public virtual void HandleClientProc() {

      Thread recvThread = new Thread(new ThreadStart(this.recvProc));

      recvThread.Start();
      string msg = "";      // this client handler just displays message
      try {                 // override to do something useful
        while(msg != "<msg>quit</msg>") {

          msg = this.GetMessage();
          Console.Write("\n  {0}",msg.ToString());

          Thread.Sleep(200);

        }

        Console.Write("\n  client Processing Complete");

      }

      catch(Exception) {

        Console.Write("\n\n  server shut down unexpectedly\n\n");

        return;

      }

    }

    void recvProc() {  // processing for recvThread
      if(receiveSocket == null)

        throw new Exception("ClientHandler has null Socket");

      StringBuilder msg = new StringBuilder();

      byte[] buffer = new byte[1];

      char Ch = ' ';

      const string terminal = "</msg>";

      int tlen = terminal.Length;

      while(true) {                 // read one character per iteration
        int bytesRecvd = receiveSocket.Receive(buffer,0,1,0);

        Ch = (char)buffer[0];

        msg.Append(Ch);

        int mlen = msg.Length;

        bool matches = false;

        for(int i=0; i<tlen; ++i) {  // match from back for efficiency
          if(msg[mlen-i-1] != terminal[tlen-i-1]) {

            matches = false;

            break;

          }

          matches = true;

        }

        if(matches) {

          recvQ.enQ(msg.ToString());   // BlockingQueue is thread safe

          msg.Remove(0,msg.Length);

          if(msg.ToString() == "quit")

            return;

        }

      }

      // will never get here

    }


See cse681/code/MessageFramingWithThreadsAndQs


5. For what reasons might you choose to use queues when building a system distributed across a network?

To:

a. Avoid requirement for sender and receiver to rendevouz, e.g., sender can send when convenient, receiver can receive when convenient

b. Handle bursty senders by receivers that can’t match the sender’s maximum rate but can handle its average rate

c. Establish reliable communication over an unreliable channel
d. Provide a universal interface instead of being bound to concrete RPC signatures, e.g., universal interface is: PostMessage(msg) and msg = GetMessage().




6. Write the XML representation for a message that contains source and destinations IP Addresses, message type, given as a value from an enumeration, and a text body.  Now write code to parse the message into its parts.  You may use either an XMLTextReader or string handling for that job.  Note that you don’t have to write a complete program, just a code fragment that shows how to parse the XML.

Message looks like this:

  <msg src=”127.0.0.1” des=”127.0.0.1” Type=”command”>
    message body here
  </msg>


     Here is a message parser using an XmlTextReader:

       public enum MsgType { command, information, unknown };


     class MessageParser

     {

       XmlTextReader r = null;

       StringReader sr = null;

       public void readMsg(string msg)

       {

         sr = new StringReader(msg);

         r = new XmlTextReader(sr);

         r.MoveToContent();

       }

       public string getSrc()

       {

         return r.GetAttribute("src");

       }

       public string getDes()

       {

         return r.GetAttribute("des");

       }

       public MsgType getType()

       {

         string t = r.GetAttribute("Type");

         if(t == "command")

           return MsgType.command;

         if(t == "information")

           return MsgType.information;

         else

           return MsgType.unknown;

       }

       public string getBody()

       {

         return r.ReadString();

       }

     }

7. Draw a UML diagram that shows how your Test Harness from Project #2 behaves.
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8. You are asked to build a message-passing system, using remoting.  What are your options for activation model, what are their properties, which would you pick, and why?

The activation models are:

a. Singlecall:
A remote object is created for each call of each client, running on its own thread.  The thread terminates when the call is complete.

b. Clientactivated:
A remote object is created for each client, running on its own thread.  The object lives for a specified lease time which is extended every time client makes another call.  Should the client not make any calls by the time the lease expires, the thread terminates, and a new object will be created for the next call.

c. Singleton:
A single remote object is create, shared by all clients, running on a CLR thread.  The object lifetime follows the same rules as Client Actived objects.


One reasonable way to design a message-passing system, with remoting, uses ClientActivated objects that deposit their messages into a public static BlockingQueue, created by the server.  Since the queue is static, any remote object can access it using the server class name.  The server thread simply blocks on the queue until a message arrives, at which time it gets processed.

Another reasonable choice is to use Singleton, setting its lease time to be infinite.  Now, the remote object can hold the queue and spawn a thread to process its messages.

I would use ClientActivated objects because, in this design, they have no state to construct, have only one required action, e.g., put a message in known queue, and we don’t have to worry about whether we are talking to a reused or new object, since it has no state.  So, we don’t need to build the remote object with every call, as in SingleCall, but don’t really need to deal with lease issues either.  

For two-way communication, the server will need the same kind of channel to send reply messages back to the client.




9. Write code to safely send a string message from an enqueuing thread to a dequeuing thread, using the System.Collections.Queue class.  Please show the entire function bodies where the threads Enqueue and Dequeue, respectively.  How will you give each thread access to the queue? 

    class QueuingDemo

     {

       Queue Q = null;

       QueuingDemo()

       {

         Q = new Queue();

       }

       void ChildProc()

       {

         string msg;

         do

         {

           while(Q.Count == 0)

             Thread.Sleep(20);

           lock(Q) { msg = (string)Q.Dequeue(); }

           Console.Write("\n  {0}",msg);

         } while(msg != "quit");

       }

       [STAThread]

       static void Main(string[] args)

       {

         QueuingDemo qd = new QueuingDemo();

         Thread t = new Thread(new ThreadStart(qd.ChildProc));

         t.Start();

         string msg;

         for(int i=0; i<5; ++i)

         {

           msg = "msg #" + i.ToString();

           lock(qd.Q) { qd.Q.Enqueue(msg); }

         }

         msg = "quit";

         lock(qd.Q) { qd.Q.Enqueue(msg); }

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


 }

     }

10. Describe your use of reflection in Project #2.  If you did not use reflection, explain how the prototype DllLoaderDemo, I passed out and discussed in class, used reflection.  In either case, please be as specific as you can.

After creating an AppDomain and loading assemblies, we use reflection to discover the types and find which are derived from the ITest interface.

        // exercise each tester found in assembly

          Type[] types = asm.GetTypes();

          foreach(Type t in types)

          {

            // if type supports ITest interface then run test

            if(t.GetInterface("DllLoaderDemo.ITest",true) != null)

              if(!loader.runSimulatedTest(t,asm))

                Console.Write("\n  test {0} failed to run",t.ToString());

          }

       When running tests, we create an instance of the test type (concrete type is not known to
       DllLoaderDemo), then use reflection to invoke its test() method.



        // announce test

        MethodInfo method = t.GetMethod("say");

        if(method != null)

          method.Invoke(obj,new object[0]);

        // run test

        method = t.GetMethod("test");

        if(method != null)

          method.Invoke(obj,new object[0]);

      }
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