CSE681 - SW Modeling and Analysis
                       MidTerm Examination #1
Fall 2006

Examination #1
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 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. Project #4 asks you to develop a remote execution facility
 based on message-passing.  A set of tools may be connected between two or more processes, perhaps on separate machines, using a communication facility and local and remote executives to manage start-up of tools and message routing between processes.  Please discuss the activities of the local executive, using a sketch of an activity diagram and brief explanations for each activity.  You may assume that the local executive will start one or more client interfaces.

Answer:
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The Executive is responsible for managing ToolUI visibility and routing messages between UIs and Libs.
It loads configuration information and libraries and then starts its processing thread.  That extracts a message from its queue, and, if not a quit message, extracts the destination.  If remote, it appends the ip address of the target it found in its configuration data, and posts the message to the communication facility.  Otherwise, it concatenates the name and type and uses that string as a key for its hashtable to retrieve a reference to a local component, and posts the message to its queue.
2. Write C# code to show how, in your implementation of Project #4, text information, that comprises the body of a message received from remote processing, is written to a textbox on a Tool GUI.  You may assume that the body consists of text alone.

Answer:

Since the message is handled by a child thread, that thread must call Form.Invoke to properly allow the ToolUI thread to insert text into its textbox.

//----< Form’s message event handler >-------------------

public void MsgEventHandler(object sender, EventArgs e)

{

  Message msg = ((mEventArgs)e).msg;

  textBox2.Text = msg.body + "\r\n" + textBox2.Text;

  if (mh.Target != null)

    label1.Text = "Message for " + mh.Target.name;

  label2.Text = "Message received from " + msg.source;

}
//----< Form’s Message Handler >-------------------------

class MessageHandler : AWrapper

    {

Form1 form_;

System.EventHandler mEventHandler;  // delegate to give msg to form

mEventArgs eva;                     // holds msg

public MessageHandler(Form1 myForm)

{

  form_ = myForm;

  eva = new mEventArgs();

  mEventHandler += new EventHandler(form_.MsgEventHandler);

}

protected override Message dispatch(Message msg)

{

  eva.msg = msg;

  form_.Invoke(mEventHandler, new object[] { this, eva });

  return null;

}

public IMsgPass Target

{

  get { return this.target; }

}

3. Please enumerate distinct purposes for which you might use a delegate, and describe each purpose briefly. 

Answer:

Delegates are used for:
· Event notification:
Inform subscribers about the occurrence of some publisher event.
· Deferred invocations as Callbacks:
Call functions associated with an event, e.g., button clicks – related to event notification.
· Starting threads:
Uses ThreadStart delegate to start thread processing some function.

· Call functions on a Form from a worker thread:
Uses Form.Invoke to transfer call from worker thread to UI thread, passing a delegate pointing to the appropriate function.
· Avoid application specific code in reusable components:
Use delegates to call application specific code from reusable components, e.g., Nav uses delegates to call handlers for Directory events and File events.
· Asynchronous processing:
Uses delegate.BeginInvoke and delegate.EndInvoke.

· Establish dynamic relationships:
Setup, and perhaps teardown, many to many relationships at run time.
4. Write code to show how to load assemblies, discover their types, instantiate all types that derive from some interface, and call a method declared in the interface, on those types.

Answer:

string path 
        = Path.GetDirectoryName(Assembly.GetEntryAssembly().Location);

    string[] Libraries = Directory.GetFiles(path, "*.dll");

    foreach (string library in Libraries)

    {

      assem = Assembly.LoadFrom(library);

      Type[] types = assem.GetExportedTypes();

      foreach (Type t in types)

      {

        // Using the interface

        ILib lib;

        if (t.IsClass && typeof(ILib).IsAssignableFrom(t))

          lib = (ILib)Activator.CreateInstance(t);

        else

          continue;

        lib.say();

      }

    }

5. Write the XML representation for a message you might send between to separate machines.  You may use the message structure defined in the ADAM-Wrapper-Prototype, handed out in class, if you wish.  Assume that you’re developing a class to represent these messages.  Furthermore, assume that each element of the XML message string is represented by a message class property.  Write code to convert an instance of this class to an XML string
.


Answer:

<msg>
  <source type=”MBUI”>
    <saddress ip=”localhost” port=”2048”/>
  </source>
  <destin type=”MBLIB”>
    <daddress ip=”localhost” port=”2048”/>
  <destin>
  <body>some message text here</body>
</msg>

//----< member function of Message class >-----

public override string ToString()

    {

      TextWriter tw = new StringWriter();

      XmlTextWriter xtw = new XmlTextWriter(tw);

      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.saddr);

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

      xtw.WriteEndElement();

      xtw.WriteEndElement();

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

      xtw.WriteEndElement();

      string rtn = tw.ToString();

      xtw.Close();

      tw.Close();

      return rtn;

    }

6. For the Remote Software Assistant System of Project #5
, develop a top level partitioning and describe the responsibilities of each part.  Pick any one of the parts you have identified and describe its major components and their responsibilities.  

Answer:

· Executives:
Route messages between Comm and local or remote components.  The Executives are the keepers of the structure recipe, reading the system configuration at startup. 
· Tool UIs:
Provide the user interfaces for all tools.
· Model Builder:
Essentially a flexible, customizable wizard for code and document generation.
· Authentication:
Allow only registered users access to the Repository and Testbed services.
· Repository:
Provides storage, dependency-based configuration management, and extraction of components.
· Testbed:
Supports continuous testing of components within the developing code baseline.
The Testbed contains a Test harness, test library loader, logger, and test vector generator.  The test harness supports running a large sequence of tests on the entire developing baseline or any specified part.  The library loader is responsible for loading and unloading test libraries held in one Application Domain for each concurrently running test configuration.  The logger and test vector generator are responsible for preparing test output and test input, respectively.
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7. Describe the client-activated .net remoting activation model.

Answer:

Client-Activated activation creates a remote object for each concurrent client, running on its own CLR thread.  The life time of these objects extends at least for a specified lease period, which gets extended with each call.  The object is made available to clients through a Remoting channel, attached to a proxy for the remote object.

It is the responsibility of each client to construct its part of the channel and its associated proxy.  It is the responsibility of the server to construct its part of the channel and to listen for requests (actually part of the channel activities).  The activation of the remote object is handled by the CLR run-time.

8. Explore critical issues for the communication facility of Project #5.

Answer:

Scope of operation:
The Remote Software Assistant is expected to work efficiently within a local area network, but also across the internet.  For network operation, sockets are a preferred network communication technology, due to their speed and flexibility.  For operation across the internet, however, the communication facility will be required to use web services, as firewalls will usually support only traffic to web applications and web services. 

It is desirable make both forms of communication plug compatible, to avoid changes to non-Communication components.  To effect this, we will need to provide a communication interface that provides a contract for communication services, without disclosing any implementation details.  The IMsgPass interface will serve admirably for this purpose.  Each of the communication facilities will have to implement the functions in this interface.

File Handling:
Several of the RSA tools will need to exchange files, and some of these may be in binary format.  In order to successfully send binary data as XML message bodies, we will need to encode the binary contents as ASCII character strings.  Base64 encoding, as demonstrated in class, is the preferred mechanism for this, as that encoding does not contain any markup characters, but does have enough encoding characters that the encoded message contents are only about 30% bigger than the original.

Conversion of Message bodies to strings:
Each of the tools will have their own protocols for converting between the data they need to send or receive, and an XML body structure.  The communication facility should not have to know about any of those details.  This implies that each tool will have to provide that, preferably as a class, derived from some standard interface or abstract base.  My preferences are to do that with a family of body classes rather than a family of messages.  If there is only a single message type, the communication facility can delegate conversion of the body string to senders and receivers.

Security:
Secured logins for Repository and Testbed are needed, as the information contained in those tools data sets are certain to be proprietary.  Basically, the RSA authentication process must be sure that all passwords and identities are stored, and sent in encrypted form.

Performance:
Communication system performance does not appear to be a critical issue, but an early Comm prototype should be constructed and tested to be sure that Comm performance contributes only a small fraction of the delay and throughput constraints for the RSA system.  It is expected that the Testbed and Repository facilities will the main consumers of machine and network performance.
9. Describe uses for the communication facility of Project #4.  What impacts do these uses have on the design of this facility?  

Answer:

All the direct users of the communication facility are software components, not people.  Most designs will probably limit access to the communication facility to the Executives (that is not the only viable design, but the one used to answer this question).

Uses:
· Send command messages from a client interface to a remote library for processing.
· Send processing results back to a requesting client.
· Send files from one library to another.  Files won’t go to a user interface, since user interfaces are not allowed to do any significant processing.
· Send notifications from a user interface or library to another user interface or library.
· Send error messages to a user interface or logging facility.
· Enable message-passing between machines as well as between processes on a single machine.

This design assumes that all routing is executed by the RSA executives, so the communication facility is only responsible for sending commands, replies, files, notifications, and error messages between executives.

The impacts of these issues on the design of the communication facility are:

· Comm needs no information about the structure of a message body.  It only converts it to a string to send, and back to a message body on receipt.  It needs to develop a facility to do that or depend on the users to convert their bodies to and from strings before handing to the Executives.  

If it converts the bodies itself, then there will need to be an inheritance hierarchy of message types, each overriding body conversion methods.  That in turn, demands that communication receivers construct the correct message type based on a field in the XML message string.  This is essentially an object factory.  

It seems easier to me to let each component use an instance of a body class to effect the conversions before delivery or after receipt, in the same way that the message class converts its fields between property and string representations.

· When sending files, the communication facility will need to know where to get the files and were to deposit them.  This can easily be effected with a message.  Another option would be to collect and deliver files as Base64 strings on the managed heap, letting applications take care of how to get into and out of that representation.  This is a good solution if we can be sure that files won’t be very large.  If our RSA design never passes around assemblies, then that is probably a good assumption.  Source code files are not very big.

· There doesn’t seem to be any reason for the communication facility to distinguish between command, reply, notification, and error messages, so there is no design impact here.


10. Suppose that you wish to make a thread-safe queue class using an instance of queue, from the System.Collections namespace, as a field of that class.  Show how you would write a member function, enQ(Message msg), designed to enqueue messages, using the Monitor class.


Answer:

private System.Collections.Queue Q;

    public void enQ(T msg)

    {

      Monitor.Enter(Q);
      try

      {

        Q.Enqueue(msg);

      }
      finally
      {
        Monitor.Exit(Q);
      }

    }

11. How would you design the communication facility of Project #4 so that it can use either sockets or web services without changing any code that uses the facility?  Please be as specific as you can be in your answer to this question.

Answer:

In order to make the communication facility accept implementations interchangeably, you will need to have them implement a common interface, used by the Executives, and providing all the appropriate services, as discussed in the answer to Question #8.  You should also provide a factory, which provides a common way to create the facilities objects and bind them to the interface.  For example, the factory could read a configuration file or a configuration parameter stored in some location to decide which type of communication system it should build.

The IMsgPass interface defined in Wrapper.cs will serve this purpose admirably.  If the user interface provides a configuration screen, we might set a configuration parameter that selects the appropriate implementation, e.g., sockets or web service, or read the required implementation from a configuration file at startup.  Alternately, we could use the message destination to select an implementation.  In any case, we would instantiate at least one of the facilities based on this selection.

The implementation of the communication facility must start by deriving from the abstract AWrapper class, so that it handles messages using the RSA protocols.  For a socket implementation, IMsgPass.PostMessage() and AWrapper.dispatch() overrides will then implement socket sending or receiving and the constructor will start a listener.  For a web service based facility, the PostMessage() and dispatch() overrides are web service clients.  The web server will start the service, as needed.






� Project #4 is attached at the back.


� This question asks you to write one string and one C# function.


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