CSE681 - SW Modeling and Analysis
                       MidTerm Examination #4
Fall 2006

Examination #4
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. Write code to show how to load a specified assembly, discover if it contains types that implement some interface, instantiate all those types, and call a method declared in the interface, on each of those types.

Answer:

string lib = “some fully qualified library name”; 
    assem = Assembly.LoadFrom(lib);
    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();

    }

2. For the Remote Software Assistant System of Project #5, develop a top level partitioning of the Testbed 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:
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· Executive creates Testbed objects and starts message processing.  It is also responsible for graceful shutdown of the Testbed, attempting to avoid the premature termination of tests.
· Message Handler gets all of its functionality by deriving from AWrapper and overriding dispatch.
· Authentication delegates user authentication to RSA Security.  The main responsibility of this component is to present a login screen and handle error messages.
· Test Harness is responsible for all the setup required for testing, including the creation of child AppDomains, loading test libraries, and executing all tests.  It does this using services of Loader and Test Executioner.
· Logger manages all of the test data created by Test Executioner.  It provides data management services and packaging of test data into messages for transmission back to the client.  It is through this facility that the remote client may ask for additional test details when individual tests fail.  Note that test drivers will have to be designed to support these more detailed queries.
The Test Executioner sequences through a list of test libraries, provided it by the loader.  It executes tests on each library that supports the ITest interface, and maintains top level statistics about tests that passed and failed.  It uses the services of the individual test libraries to carry out its tests, and services of loader to extract information about the current test configuration to provide to the Logger.  Finally, it manages the data flow between test libraries and the Logger.
3. 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 a Tool Graphical User Interface, using a sketch of an activity diagram and brief explanations for each activity.  You may assume that the Tool GUI will accept user inputs and display information returned by remote processing in the form of messages.

Answer:
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The activities are to accept user inputs, validate them and display an error message for invalid input, detect user inputs via the form event handlers and package requests, based on the user input, to send to a remote location.  The Tool User Interface must also retrieve replies from remote processing and display to the user via form output controls.  Note that there is no synchronous waiting for replies from the remote processing.  Essentially the user cognitively connects changes in display output with recent inputs.  It is expected that this will be adequate for all of the RSA processing.  If not, the Tool UI will need to use some tagging scheme to correlate requests with replies.  Note, however, that humans tend to think, and act, in terms of serial actions, so I believe that there will be no need for the Tool UI to do this correlation.
4. What is an event, why are events important, and how would you notify a software component about some event? 

Answer:

Formally, an event is a delegate instance where its declaration is qualified with the keyword event.  Informally, an event is an occurrence in processing that the design classifies as an event, and provides an appropriate delegate to send notifications about the event to subscribers.


5. What happens when an exception is thrown inside a lock?  Explain in terms of the equivalent code using a monitor.

Answer:

A lock has semantics equivalent to the Monitor code shown below.

lock(someObject) { /* exclusive use of someObject */ }

Monitor.Enter(someObject);
try
{
   /* exclusive use of someObject */
}
finally
{
   Monitor.Exit(someObject);
}

Thus, if an exception is thrown inside a lock, the lock will be released, before the exception propagates out of the current scope.

6. Write C# code to show how to start a dedicated thread to extract messages from a queue and send over a socket.  Please write the function on which you want the thread to run, as well.

Answer:
    void SendProc()

    {

      while(IsSending)

      {

        sendMsg = sendQ.deQ();    // BlockingQueue is thread safe

        if(outStream.CanWrite)

        {

          byte[] sendBytes = enc.GetBytes(sendMsg);

          outStream.Write(sendBytes,0,sendBytes.Length);

        }

      }

    }

    //----< start sending messages >-----------------------------

    public void StartSending()

    {

      IsSending = true;

      Thread sendThread = new Thread(new ThreadStart(this.SendProc));

      sendThread.Start();

    }

7. Explore critical issues for the model builder facility of Project #5.

Answer:

Model Builder critical issues are:

· Performance:
Many user operations, using the Model Builder User Interface, will be affected by latency in response to specific user inputs.  Model Builder is a terrific test of the effectiveness of fine-grained message passing designs.  If the latency is too large, users will get very annoyed at delays processing their visual requests, such as moving a particular figure element.  Should these delays prove too long, the design would have to be modified to support direct calls into part of the graphic library.  

Initial prototyping indicates that this will not be necessary, but the design team should constantly re-evaluate this issue during development, and be prepared to make changes.  Note that removing some of the message passing will be a relatively simple process of modifying the dispatch function to make some direct calls.

· Model updates:
The process of creating a model and rendering document and code shells is straight-forward, and presents no critical issues.  However, after the shells are generated and users begin to make additions to the products, outside Model Builder, the design intent is to parse those products to update the corresponding model.  It is critically important that any such updates do not lose or corrupt those user additions.  One way to proceed would be to collect all user modifications as strings, e.g., one string that captures all of the functions and declarations made to a class, and store that as a model property.  Another possibility would be to delimit user modifications with sentinel characters, and avoid modifying anything within the delimiters.

· Visual presentation:
One goal of RSA is to replace all hardcopy text documents with HTML pages.  This is supported by the code and document generation process, discussed in the Model updates issue above.  The diagrams, that are at the heart of Model Builder’s presentation, need to be converted from Winform GDI+ presentations to presentations compatible with HTML.  Since Model Builder diagrams are all line drawings, the obvious choices are to use either Structured Vector Graphics (SVG), a W3C recommendation, or Vector Markup Language (VML), a Microsoft proprietary language.  Both of these support rendering line drawings in a browser.

Normally we would tend to favor an open standard (SVG) over a proprietary protocol (VML).  However, in this case, we know that Windows Vista will be providing a major new presentation technology call Avalon which uses a (proprietary, but visible) XML-based protocol called XAML.  We expect to use this new technology in the next version of RSA, so it makes sense to take the most expedient (quickest, lowest cost) path for presentation, which for Model Builder will be VML.  

The design team should try to package all the vector drawing processing into isolated modules, loosely coupled to the rest of the system, e.g., use interfaces, so this update will not cause major modification throughout Model Builder code, when it happens in version 2.

8. Write the XML representation for a message you might send between two separate machines.  You may use the message structure defined in the ADAM-Wrapper-Prototype 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 the string representation of this XML message to an instance of your message class
.

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>

public Message(string msg)

    {

      XmlDocument doc = new XmlDocument();

      doc.LoadXml(msg);

      XmlNodeList nodes = doc.GetElementsByTagName("*");

      foreach (XmlNode node in nodes)

      {

        XmlAttributeCollection attribs = null;

        switch (node.Name)

        {

          case "msg"   : break;

          case "source":

            attribs = node.Attributes;

            foreach (XmlAttribute attrib in attribs)

            {

              if (attrib.Name == "type")

                source = attrib.Value;

            }

            break;

          case "saddress":

            attribs = node.Attributes;

            foreach (XmlAttribute attrib in attribs)

            {

              if (attrib.Name == "ip")

                saddr = attrib.Value;

              if (attrib.Name == "port")

                sport = attrib.Value;

            }

            break;

          case "destin":

            attribs = node.Attributes;

            foreach (XmlAttribute attrib in attribs)

            {

              if (attrib.Name == "type")

                destin = attrib.Value;

            }

            break;

          case "daddress":

            attribs = node.Attributes;

            foreach (XmlAttribute attrib in attribs)

            {

              if (attrib.Name == "ip")

                daddr = attrib.Value;

              if (attrib.Name == "port")

                dport = attrib.Value;

            }

            break;

          case "body": 

            body = node.FirstChild.Value;

            break;

        }

      }

    }

9. What is a web service?

Answer:

A Windows service is processing that can be configured to be available automatically on bootup, or turned on or off manually.  A web service is, similarly, processing that is started when IIS starts.  It is a technology that:
· Provides a remote procedure call facility.
· The facility uses HTTP over TCP/IP to accept and return messages that are converted into function calls and return values.
· The HTTP messages encapsulate XML messages in the Simple Object Access Protocol (SOAP).
· Web services are described by Web Service Description Language (WSDL).  The contents of the WSDL description for a given web service are sufficient to create a proxy, used by web service clients to communicate with the service.
· Normally, clients communicate with a web service with a client program.  However, the Microsoft flavor of web services, supports a browser view of the service, which supports browsing the descriptions of the service and its methods and a limited test capability.
10. Describe uses for the communication facility of Project #4.  What features might you add to this facility to support other types of uses?  

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 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.

11. What is an interface and why are interfaces useful when designing complex systems?

Answer:

An interface is a contract between a using software component and the implementer of the interface for a specific language to use for all calls and replies.  This abstract view is a powerful way of organizing communication between various parts of a complex software system.  Its implementation as a language mechanism supports loose coupling between users and implementers.  Thus a user binds to the contract, not to the specific class that implements the interface, nor to the details of that implementation.

In C#, interface is a keyword, and is used to declare the contract described in the preceding paragraph.  The interface declaration consists of optional qualifiers, the interface keyword, and a set of methods, properties, and events that form the basis for the contract.  Here is the IMsgPass interface declared in the ADAM-Wrapper-Prototype code:



  public interface IMsgPass

  {

    void PostMessage(Message msg);      // call this to send me messages

    void Register(IMsgPass callback);   // call this to get my messages

    void Dispose();                     // shut down my child thread

    string name { get; set; }           // tool name property, e.g. MB

    string type { get; set; }           // type property, UI or Lib

    bool isDisposed { get; }            // has derived been disposed?

    }

One could imagine an event that notifies other parts of the code of a message handler of the arrival of a message in the message queue.  This could be necessary, in order to reduce latency in the Model Builder interface, for example.  This would allow certain types of messages to be routed directly to their destinations and not wait for dispatch to handle prior pending messages.  Certainly this would complicate processing and will not be recommended at this time.







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


� Project #4 is attached at the back.


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