CSE681 - SW Modeling and Analysis
                       MidTerm Examination #3
Fall 2007

Examination #3
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 the end of the class. 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. Explain how you would analyze the performance of the QueryHandler (a.k.a. data manager) in Project #5
.  You may assume that the QueryHandler provides a queue for incoming messages.  It constructs a query for each message extracted from the queue, passes the query to a database, and maps the query result back to a message.

Answer:

Assuming that the QueryHandler provides an incoming message Queue, the time it takes to process a message is the time a message spends in the input queue plus the time it takes to map the message into a query, process the query, map the query result back to a message and dispatch it.  To evaluate each of these we will create a load model and QueryHandler prototype.  We:

a. Build a load model, e.g., estimate the number of messages per second, based on our model of how many concurrent users there will be, which tools are most likely to be used frequently, and how many messages per second each of those will generate.  This will give us the message arrival rate, lamda, into the input queue.

b. Build a prototype QueryHandler and measure the service rate, mu.  To do this, after building the prototype, we will measure the expected time to map a message into a query – basically a lookup, measure the time it takes to make the query, and measure the time it takes to map the query result back into a message.  This is the service time, and the service rate is just 1/service time.  

 
mu = 1/(Tmaptoquery + Tquery + Tmaptomessage)

Now, we can evaluate N, the average queue length, by calculating the load factor (arrival rate/service rate) and use the analysis presented in class.  

 
N = rho/(1 – rho),  rho = lamda/mu

The time the message spends in the queue is just N/lamda.

 
Twaitinqueue = N/lamda


The number of messages the QueryHandler can process per unit time is simply the reciprocal of the time evaluated in parts a. and b., above.

 
msg rate = 1/(Twaitinginqueue + Tmaptoquery + Tquery + Tmaptomessage)


2. Name as many of the synchronization constructs you can think of, provided by the .Net Framework Class Library.  What are their advantages and disadvantages?

Answer:

The synchronization constructs are lock, Monitor, Interlocked class, Mutex class, Reader-Writer lock, AutoResetEvent, ManualResetEvent, and Semaphore.


a. Interlocked class supports atomic operations on integral types.

b. Monitor is a managed wrapper around a Win32 CriticalSection, which implies that it is light-weight and can only synchronize objects in the same process.

c. Lock is equivalent to a Monitor with a try/finalizer block that guarantees unlocking if an exception is thrown.

d. Semiphore (not discussed in class) can be used to provide access to a finite number of resources

e. Reader-Writer lock allows multiple concurrent readers without locking, but does not permit a writer to enter the critical region (scope of the lock) until there are no readers in the region.  Neither a reader or writer may enter if a writer is already within the critical region.

f. Mutex is a class wrapping Win32 mutex kernel objects.  If named, a Mutex instance may be used to perform system-wide synchronization, e.g., between two or more processes.

g. The event objects are essentially toggles that can be used to control access to a critical section, as was done in the blocking queue, but can also be used to signal events, and block threads independent of any critical region.



3. Write code to create a child thread that will extract messages from a queue, enqueued by the main thread.  You are asked to write the code for message enqueuing and dequeuing as well.


using System;

using System.Threading;

using System.Collections;

namespace QueuedMessages

{

  class QueuedMsgDemo

  {

    // FIFO Queue used for communication between threads

    private Queue threadQ;

    //----< constructor >----------------------------------------------

    QueuedMsgDemo() { threadQ = new Queue(); }

    //----< thread processing function >-------------------------------

    void ThreadProc()

    {

      string msg = "";

      do 

      {

        // Sleep if Queue empty - avoids spending CPU cycles needlessly

        int count;

        do

        {

          lock (threadQ) { count = threadQ.Count; }

          if (count > 0)

            break;

          Thread.Sleep(100);

        }

        while (true);

          // Dequeuing changes links so must lock

        lock (threadQ) { 

          msg = (string)threadQ.Dequeue();

          count = threadQ.Count;

        }

        Console.Write(

          "\n    received {0}, Queue Length = {1}",msg,count

        );

        // control reader speed - half as fast as writer

        Thread.Sleep(100);

      } while(msg != "end");

    }

    //

    //----< Entry Point - where child thread is created >--------------

    [STAThread]

    static void Main(string[] args)

    {

      // create child thread

      QueuedMsgDemo demo = new QueuedMsgDemo();

      Thread child = new Thread(new ThreadStart(demo.ThreadProc));

      child.Start();

      // send messages to child thread

      string msg = "";

      for(int i=0; i<50; ++i)

      {

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

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

        // Enqueuing changes links so must lock

        lock(demo.threadQ) { demo.threadQ.Enqueue(msg); }

        // control writer speed - twice as fast as reader

        Thread.Sleep(50);

      }

      lock(demo.threadQ) { demo.threadQ.Enqueue("end"); }

      child.Join();

      Console.Write(

        "\n\n  child thread state = {0}\n\n",
        child.ThreadState.ToString()

      );

    }

  }

}

4. Suppose that the ClientExecutive in Project #5 displays the names of all the tools available in the CServ toolset.  How would you design this executive module so that you can add a new tool without changing any of the executive’s code
.

Answer:

The executive is responsible for presenting a list of all the CServ tools and starting any one of them requested by the user.  Let’s start by assuming all the tools are packaged as Dynamic Link Libraries.

If each of the tools implements an IStart interface that provides a start() function - that does whatever is needed to start the tool, e.g., create and show a form, perhaps - then the executive can simply load all tool DLLs found in a specified directory into its assembly, find all types in them that support the IStart interface, and create an instance of each of those types.  It does that using Activator.CreateInstance(…), and then calls their start() function.  

You saw how to do all of this in the TestHarnessPrototype, discussed in class.

If each of the tool DLLs also provides a string name() function, as a member of the IStart interface, then when the executive loads the DLL, it can call the name() function and put the returned string into a listbox that shows the user names of all the tools.

Since none of these activities requires the executive to use any identifier from the tool’s code, other than the IStart interface, which all tools agree to use, adding a new tool causes no changes to the executive.

If the tools are built as execution images (*.exe) instead of as DLLs, then the executive design is even simpler.  It simply scans the designated directory for executables, uses their file names as tool names, which it inserts into its listbox.  When the user selects a toolname, the executive creates a process to run that executable.  

There is a demonstration program, ProcessDemo, in the course handouts code folder that shows you how to do that.

What are the advantages of each approach?  If the tools are packaged as DLLs and loaded by the executive, then the executive can interact with each of the tools while they are running, simply by calling functions they expose, since they are running in the address space of the executive process.  If tools are packaged as Executables, then, should a tool crash while running, it will not take down the executive, as the tool and executive are running in different processes.

If you have explored the Adam-Wrapper prototype solution, you have seen that the Loader project demonstrates how to load and execute code in DLLs, as described above.
5. Draw a class diagram that represents your design for Project #4
.

Answer:
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6. What purposes are served by the class at the root of the .Net Framework Class Library?  Please write code showing how you might use functionality provided by that class in a class you write for the answer to this question (you may use any part of the root class’s functionality for this).

Answer:

The class at the root of the Framework Class Library is the Object class.  It provides:


a. basic reflection capabilities through its GetType() function that returns an instance of the Type class, filled with all the type information of the object on which it was invoked.

b. It’s Equals(Object obj) function compares the address of the current instance with the address of obj to see if they are the same instance.

c. Its ToString() function provides a string representation of the class.  Often this is just the class name, but where it makes sense, the FCL provides conversions that are useful, e.g., you can get the string representation of a number using ToString().

d. GetHashCode() serves as a hash function for hash tables and other applications where a hash is useful.

e. Finalize() is used to ensure that unmanaged resources are released when an object is garbage collected.

f. MemberwiseClone() performs a shallow copy (not a clone operation).


It also holds, as a private member, a Sync Block that is part of the mechanism behind Monitor locking.

Here’s some code:

using System;
using System.Collections.Generic;
using System.Text;
namespace MT3Q6
{
  class Program

  {
    static void Main(string[] args)
    {
      Program p = new Program();
      Type t = p.GetType();
      Console.Write("\n  namespace:\t{0}", t.Namespace);
      Console.Write("\n  name:     \t{0}", t.Name);
      Console.Write("\n  module:   \t{0}", t.Module);
      Console.Write("\n\n");
    }
  }
}
7. How would you would you initiate a call to one of a Form’s windows functions from a worker thread?

Answer:

You must use Form.Invoke(), so that the function runs on the window’s UI thread.  Form.Invoke(…) causes a thread context switch to make that happen.  Form.Invoke(…) is passed a delegate and an array of parameters for the delegate, to make the call.

Here’s some code from the FormInvokeDemo from CSE681/code that illustrates how you do that:


      //----< function that defines thread processing >----------------

      public void proc()

      {

        if(OnFileEvent == null)

          return;

        tEventArgs teva = new tEventArgs();

        string[] files = null;

        try

        {

          files = Directory.GetFileSystemEntries(dir);

        }

        catch (Exception ex)

        {

          return;

        }

        foreach (string file in files)

        {

          teva.msg = file;

          if (_form.InvokeRequired)

            _form.Invoke(OnFileEvent, new object[] { this, teva });

          else

            OnFileEvent(this, teva);

        }

      }

    }







� Project #5 statement is attached at the back of this examination package.


� Project #5 statement is attached at the end of this exam package.


� Project #4 statement is attached at the back of this examination package.
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