CSE681 - SW Modeling and Analysis
                       MidTerm Examination B
Fall 2004


Examination B
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 at 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. What UML diagrams would you normally expect to use in an Operational Concept Document.  Why would you use each of them and how would you order them in your document.

You normally use the UML and related diagrams in order of decreasing abstraction, so the most abstract come first, and the most concrete come last.  You would expect to use these diagrams:

Context Diagram (often used):
Shows how the system interacts with its environment.

Module Diagram (not a UML diagram, but it should be, always used):
Discloses your partitioning of the system into modules.  This gives you an opportunity to discuss their responsibilities and interactions.

Activity Diagram (always used):
Illustrates the behavior of your architecture, showing its top-level tasks, their concurrency properties, and when tasks must wait for completion of other tasks.

Class Diagram (use only if some design details are needed):
Shows how  you populate top-level modules with classes.

Event Trace Diagram (use only if some design details are needed):
Illustrates the communication patterns between objects (or modules) in your system.

State Diagram (use only if control and sequencing are essential parts of your system’s activities):
Discloses the main states in your program or one of its modules, and how the system transitions through them.
2. When designing member functions of a C# class, why would you declare a parameter with a ref qualifier?  Why would you declare a parameter with an out qualifier?

A ref qualifier causes a reference to the argument to be created on the stack frame of the function. If the argument is a value type, then any changes to the value in the function are observed in the original value.  If the argument is a reference type, then the stack frame reference refers to the original reference, not the object on the managed heap.  If, inside the function, that reference is reset to refer to another managed object, the reference that was passed is also reset to point to the new object.  This change of objects referred to can only be effected by a function through a ref parameter.

An out qualifier allows a null reference to be passed to a function, which then must define the reference in some valid way.  This lets a function set the passed reference to a value defined in the function.  Note that an out qualifier is just like a ref qualifier except that it also permits a null reference to be passed.
3. In Project #4, attached, what critical issues will affect the architecture of the distributed test harness?  What are the effects and how will you address them?

The goals of the test harness are to distribute test processing across two or more machines, and to encapsulate the details about the way some part of a system is to be tested in the testing machine.  Each test machine must perform two kinds of actions:

a. conduct tests on its part of the tested system
b. provide normal system services in accord with the requirements of its part of the tested system.

It can do b. in one of two ways, by processing messages and returning values just like its part of the system is supposed to, or by passing a library to the caller which the caller will then use for service.

So, critical issues are to:

Issue:
Provide both testing results and system services in some simple, reliable manner, without compromising the performance and encapsulation goals of the distributed test harness.
Proposed Solution:
Use adapters to wrap the message passing communication system to appear like the interfaces between the distributed parts for all service calls.  This trades performance for encapsulation.

Issue:
Manage the distribution of test results where they are needed.
Proposed Solution:
Each TestMaster sends its identifier along with a command to start testing.  This is passed recursively down the calling hierarchy of machines.  When testing on any given machine is complete it sends its results to the identified TestMaster.

Issue:
Associate test results with specific versions of the tested production code.  This is a complex task for large systems, and gets more complex as the testing process is distributed across machines.
Proposed Solution:
Each test driver and each production code package is versioned and these version numbers are emitted as part of the test results, which are also versioned.  Thus, test results, test driver code, and production code are uniquely identified.  In order to insure that version numbers are coherent, all the code should be put under configuration control, including the test drivers and test results.

Issue:
The test harness is most useful with very large systems.  Therefore, loading all the test driver libraries into memory at one time may not be efficient or even possible.
Proposed Solution:
Tester creates an AppDomain into which it loads some number of test libraries and processes them.  When done, it unloads the AppDomain, creates a new one and continues with more libraries.

Issue:
Must be able to handle requests for service and respond to pause, resume, and abort messages while processing tests.
Solution:
Provide a service thread that responds to service requests and pause, resume, and abort messages, and another thread that handles testing.


4. Explain the sequence of operations a socket listener executes to handle an incoming connection request on a child thread.  Illustrate that with an Activity Diagram.

The process begins with the listeners call to AcceptSocket();  The listener blocks on this call until a request to connect arrives.  At that time, the listener’s thread returns from the Accept call.  It then creates a thread, passing a ThreadStart delegate to which a thread processing function has been subscribed.  The thread is started, and then the listener goes back and makes another call to AcceptSocket() to await another request.

    TcpListener tcpl = new TcpListener(2048); // listen on port 2048

        tcpl.Start();

        Console.WriteLine("  Waiting for clients to connect");

        Console.WriteLine("  Press Ctrl+c to Quit...");

        while (true) 

        {

          // Accept will block until someone connects

          Socket s = tcpl.AcceptSocket();

          Console.Write(

            "\n  Connecting to client: {0}",s.RemoteEndPoint.ToString()

          );

          // Create a thread to handle new client

          // then go back to listening

          threadProc tp = new threadProc(s);

          Thread t = new Thread(new ThreadStart(tp.proc));

          t.Start();

        }


        // See cse681/code/socketDemo_DotNet
5. Write code, using either a Mutex or Monitor, that serializes access to some object and that will unlock the object if it throws an exception.

class QueuingDemo

  {

    Queue Q = null;

    Mutex mtx = null;

    QueuingDemo()

    {

      Q = new Queue();

      mtx = new Mutex();

    }

    void ChildProc()

    {

      string msg;

      do

      {

        while(Q.Count == 0)

          Thread.Sleep(20);

      // here’s the answer ////////////

        try

        {

          mtx.WaitOne();

          msg = (string)Q.Dequeue();

        }

        finally

        {

          mtx.ReleaseMutex();

        }
      // end of answer ////////////////


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

      } while(msg != "quit");

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

    }


    // rest omitted
    // see cse681/midterm/code/QB5aThreadsAndQueue
    // and cse681/midterm/code/QB5bThreadsAndQueue
6. Suppose you want to build software that executes file transfers between machines in a local network using remoting.  Describe how you would do that, including sending large files in chunks.  What activation model will you use and what are its properties?

Remoting supports three activation models:

SingleCall – a remote object is created on a clr server thread when any client makes a call, and each client gets its own object.  When the call is finished the thread terminates and the object may be garbage collected.

ClientActivated – a remote object is created on a clr server thread for each client.  The object lives for a period of time determined by its lease.  The lease time is renewed each time the client makes a call.  

Singleton – a remote object is created on a clr thread which is shared by all clients.  It too has a leased lifetime with renewal whenever a client makes a call.

If we send large files in chunks, remoting activation models that use leases could result in incomplete transfers when the server is heavily loaded due to lease timeouts (while the server is serving other clients).  This can be managed by manipulating the lease times, but that gets complicated.  One way to send large files in chuncks uses SingleCall activation with a pass-by-reference parameter.

The pass-by-reference parameter is a writeback object that the remote object uses to open a file on the client, accept chunks until the entire file is sent, then closes the file on the client.  All of this is possible because the writeback object runs, on a clr thread, on the client.  The SingleCall remote object is actvated when the client wants a file, and is passed a reference to the writeback object.  It uses that, in the single call, to do the actions discussed above before returning.


7. Show the structure of an XML representation used to compare the contents of two directories, using two XML messages.  Write code to extract each piece of information from a typical message. 


One sensible representation looks like this:

<Directory name=”somepath”>
    <file name=”firstfile”>
        <date>somedatestring</date>
        <size>somesizeinbytes</size>
    </file>
    <file name=”secondfile”>

          etc., etc.

</Directory>


      public void Parse(string msg)

      {

        XmlDocument doc = new XmlDocument();

        doc.LoadXml(msg);

        XmlNode root = doc.DocumentElement;

        foreach(XmlNode node in root.ChildNodes)

        {

          string name = node.Attributes[0].Value;

          string date = node.ChildNodes[0].InnerText;

          string size = node.ChildNodes[1].InnerText;

          Console.Write("\n  {0,-30}{1,22}{2,6}",name,date,size);

        }

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

      }

See cse681/midterm/code/QB7MessageParser

8. Explain the semantics of lock(someObject) { … }.  Does this construct work the same way for value and reference types?

The code:

lock(someRefTypeInstance)
{
   // use someRefTypeInstance
}

is equivalent, for reference types, to:

Monitor.Enter(someRefTypeInstance)
try
{
    // use someRefTypeInstance
}
finally
{
    Monitor.Exit(someRefTypeInstance)
}

lock only works for reference types because Monitors, and locks, which are based on Monitors use the SyncBlock reference inherited from base object type of the passed reference.  Since value types don’t derive from object they can’t be passed to lock.  You’ll get a compilation failure.  You have to explicitly box the value type to get this to work.  The Monitor compiles when applied to a value type by automatically converting the value to a reference via boxing, but you won’t get the behavior you expect if you let the Enter and Exit functions each box the value, because you get two different reference type objects.  Prosise does a nice job of explaining this on page 693.
9. Describe how to use reflection to execute a function of some type, discovered at run-time.  Assume that you know the interface from which it derives, but do not know its concrete class.

This is how DllLoader, in CSE681/code/DllLoaderDemo, uses reflection to execute test functions from assemblies discovered and loaded at run-time:

For each loaded assembly, call asm.GetTypes(), to get an array of type objects representing the assembly contents.  For each type in the array, check to see if it derives from the ITest interface, using t.GetInterface(IFstring,true);

For each of the types that support the ITest interface, create instance using asm.CreateInstance(…), get the MethodInfo object for the test method using t.GetMethod(“test”) and invoke it using method.Invoke(…).


10. Explain what each of these C# statements does:

   public delegate void MyHandler(Object sender, HandlerArgs e);

   public event MyHandler handler;

   handler(this, new HandlerArgs(…));


The first line of code declares a class derived from MultiCastDelegate, named MyHandler, which can accept only functions with the signature void someFunc(Object obj, HandlerArgs ha);

The second line of code defines an instance of the MyHandler delegate type, qualified as an event.

The third line of code invokes any functions registered with the handler delegate instance.  If no functions have been registered it throws an exception.

