CSE681 - SW Modeling and Analysis
                       MidTerm Examination #2
  Spring 2010

Examination #2
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 period. 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 is meant by the Publish-Subscribe pattern?  How is it likely to be implemented in a C# program?  Using that implementation, can you invoke functions in another process?  Explain.

Answer:

The Publish-Subscribe pattern is concerned with event notification.  The Publisher is a class whose instances generate events that instances of the Subscriber class(es) may need to know about.  Subscribers register with the publisher for notifications of the events of interest.  Implementations of this pattern are careful to support subscription for notifications and invocations in a way that the Publisher need not know about the subscriber’s concrete types.  This allows a very flexible construction and dynamic, e.g., run-time, editing of many to many relationships between Publisher(s) and Subscriber(s).

In C# programs we implement the Publish-Subscribe pattern with delegates.  A publisher class defines a delegate for each type of event it wants to expose.  These delegates are public instances of a type derived from MulticastDelegate.  That type declaration is expressed using the delegate keyword.  Subscribers create an instance of that type and register it with the publishers delegate instance using the += operator.

You can’t directly invoke event handler functions in another process, because the two processes don’t share the same address space.  But you can set up a WCF service in the subscriber that exposes its event handlers.  The Publisher also needs to set up a WCF service to enable registration of subscriber’s service methods (via a proxy in the publisher).  So now, the delegate runs, as always, in the Publisher’s code, invoking methods on the Publisher’s proxy for the subscriber service.  Note that this means it is the responsibility of the Publisher to define the service interface for both the invocation and subscription processing.  The subscribers implement the invocation interface and the publisher implements the subscription interface.
2. Suppose you’ve decided to implement a thread-safe list, based on the System.Collections.Generic List<T>.  How will you implement that?  This question does not require you to write code.  You are asked to list each of the things you do to achieve thread safety.

Answer:

List<T> is a generic form of ArrayList, a container based on a contiguous set of elements, much like the C++ standard library’s vector<T>.  In general, to create a thread-safe wrapper around List<T> we need to serialize access to its mutable state, e.g., each of its items in memory and its size measure (count).  

The question does not ask you to reproduce the List<T> interface, but only to make a thread-safe list.  We make List<T> a private member of our TSList<T> class.  We will provide member functions Add(T t), Clear(), Contains(T t), ForEach (which takes an Action<T> delegate to define a function to apply on each element), IndexOf, Insert, Remove, and RemoveAt.  Each of these methods needs to use an internal lock, which we use this way: lock(this) { … } and delegate to the appropriate List<T> method inside the lock.  We also need to provide a Count property with locking in the get/set methods.

We’re not trying to block on an empty list, so no event or condition variable is required.

   


3. You’ve decided to implement a logging facility prototype for Project #5
.  Please write all the code that will accept an XML string representing the log entry (its details are not important for this question) and enqueue it so the program using the log can return quickly to its primary activities.  Please write the code for a child thread that will read from the queue, open the log file, and prepend the log entry to it.  How will you manage the case where some other process already has opened the log file?  How can you make this facility available to any part of your program that needs it and shares the same queue and child thread?  Is a queue really necessary here?  Explain.

Answer:

  public class logger

  {

    private SWTools.BlockingQueue<string> BQ = new SWTools.BlockingQueue<string>();
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    private Thread child = null;

    public void doLog(string logEntry)

    {

      BQ.enQ(logEntry);

      child = new Thread(this.ThreadProc);

      child.Start();

    }

    public void wait() 

    { 

      child.Join(); 

    }

    void ThreadProc()

    {
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      string entry = BQ.deQ();

      XmlElement root = null;

      XmlDocument doc = new XmlDocument();

      try

      {

        doc.Load("logFile");

        root = doc.SelectSingleNode("logRoot") as XmlElement;

      }

      catch

      {

        doc.RemoveAll();

        root = doc.CreateElement("logRoot");

        doc.AppendChild(root);

      }

      XmlElement el = doc.CreateElement("logEntry");

      el.InnerText = entry;

     root.InsertBefore(el, root.FirstChild);

      doc.Save("logFile");

    }

  }

  class MT2Q3

  {

    static void Main(string[] args)

    {

      Console.Write("\n  MT2Q3 - Logging Facility");

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

      logger l = new logger();

      l.doLog("some logged message");

      l.wait();

      XmlDocument doc = new XmlDocument();

      doc.Load("logFile");

      XmlTextWriter wr = new XmlTextWriter(Console.Out);

      wr.Formatting = Formatting.Indented;

      doc.WriteTo(wr);

    }

  }
4. Explain why you think message-passing is, or is not, an appropriate mechanism for communication between machines in Project #5.  There is no penalty for taking either side on this question.  What you need to do is to discuss the reasons why message-passing is, or is not, a good choice.  What are your other options?  Suppose that you have decided to implement message passing with WCF.  Show a service contract declaration and a data contract declaration that makes sense for this purpose.

Answer:

Message Passing (MP) uses a very simple interface (see below for WCF definition):

 

interface {
 

    public void postMessage(Message msg);
 

    internal Message getMessage();
 

}

This means that all of the application specific details about what processing occurs and what its results are can be hidden away within the Message structure (presumably XML), so the communication system can be reused for many types of distributed systems.

Essentially, all of the message interpretation moves out into the application code, away from the core services, as it should.  Consequently, all of the communication infrastructure can focus on security, activation models, chunking, and the myriad other things that are communication specific.

Another useful property of MP is that messages can easily be queued to help with bursty clients and messages can be saved for later delivery if a channel is currently not operating.

The other option for communication is the Remote Procedure Call (RPC) mechanism, so favored by WCF, CORBA, COM, etc.  The SOAP protocol is essentially a mechanism to provide call stacks on top of a message passing channel, e.g., HTTP over TCP/IP. 
 
[ServiceContract]

public interface ICommService

{

  [OperationContract(IsOneWay=true)]

  void PostMessage(Message msg);

  // Not a service operation so only server can call

  Message GetMessage();

}

[DataContract]

public class Message

{

  [DataMember]

  Command cmd = Command.DoThis;

  [DataMember]

  string body = "default message text";

  public enum Command

  {

    [EnumMember]

    DoThis,

    [EnumMember]

    DoThat,

    [EnumMember]

    DoAnother

  }
5. Suppose that you are the architect for a large project.  What are your responsibilities for helping the design team understand what they are required to build.  Let’s agree to explicitly exclude the development of software requirements from this question.

Answer:

The architect prepares a concept, as documented in the Operational Concept Document.  The concept addresses users, usage scenarios, system structure, and critical issues that may affect the performance, safety, or implement-ability of the system.  The concept must be credible which means that the architect is very likely to conduct a number of prototype experiments to illustrate key ideas, organizing principles, and demonstrate feasibility.

The concept document needs to address, Goals, Uses, Tasks, Partitions, Interactions, Events, Views, and Performance.  It must do this in a way that is accessible to the software development team that will be charged with its implementation.  Once the architect is convinced that a feasible system concept has been developed, then much of his remaining duties focus on communication of the concept across the project and observation of the developing baseline to ensure that the implementation is an accurate consequence of the concept definition.


6. Write all the code for an Assembler
 class that accepts an instance of an arbitrary type, converts to a string, and appends to a target string that is accessible to any instance of assembler.  Please do that with an Append function that can be chained, e.g., assem.Append(arg1).Append(arg2);

Answer:


namespace MT2Q6

{

  class Assembler

  {

    static private string shared;

    public Assembler Append(object obj)

    {

      shared += obj.ToString();

      return this;

    }

    public string getShared() { return shared; }

  }

  class program

  {

    void show()

    {

      // use shared string

      Assembler assm = new Assembler();

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

    }

    static void Main(string[] args)

    {

      Console.Write("\n  MT2Q6 - String Assembler");

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

      // create shared string

      Assembler assm = new Assembler();

      assm.Append(3).Append(", ").Append(4.333);

      assm.Append(", a message").Append(", ");

      assm.Append(new Hashtable());

      program p = new program();

      p.show();

    }

  }

}
7. Draw a diagram that shows the partitioning you are developing for Project #4
.  Provide a brief explanation for the responsibilities of each part.

Answer:

Given that we choose to reuse all the analysis code from Project #2, we will focus on the additional processing needed for Project #4.

The main tasks for Project #4 are:
· Find file dependencies using analyzer from Project #2.
· Record the dependencies in an instance of a newly developed graph class  In this graph, each vertex (file) links to the vertices (files) it calls.  This graph can be used in a simple way to evaluate the Test Risk equations (see below), using an iterative solution of the linear equations that describe Test Risk.  
· Invert this graph to build a graph in which each vertex (file) links to the vertices (files) that call it.  This graph can be used in a simple way to evaluate file Importance, using an iterative solution of the linear equations that describe Importance.
· For each file, compute its Project Risk as the product of its Importance and TestRisk.





If there are concurrent users we need to put the call to load in a while loop and, if Load throws exception and file exists, then sleep for a few milliseconds and try again.





To make this facility accessible from any part of your program, embed logger as a static type in wrapper class.��We can create a logging service, using WCF, that supports logging to the same queue, thread, file combination, from any process on any machine.





Queue is useful as long as time to call doLog() is much less than time to execute ThreadProc(), so client spends less time logging.  Solution in MT2Q3b will be significantly faster.





� EMBED Visio.Drawing.11  ���





Assemble file references for analysis





Evaluate dependencies as done in Project #4





Provide storage of relationships in graph and graph inversion algorithm





Solve linear risk equations iteratively using graph vertices to store intermediate values





Show risk, support expanded views








� A copy of Project #5 is attached at the end of this examination.


� This class is called Assembler because it assembles a shared string from parts.


� A copy of the Project #4 statement is included at the end of this examination.
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