CSE681 - SW Modeling and Analysis
Midterm B                
Fall 2003


Midterm Examination B
Instructor’s Solution
1. Draw an activity diagram that shows how a message-passing communication system, like that used for Project #4, will operate.  Please explicitly acknowledge the use of queues on the client, or the server, or both (pick one of these cases to illustrate).  Allow for a sequence of messages from the sender coming at random times and allow for the possibility that the message may or may not result in a reply.
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2. List all of the UML diagrams
 we have discussed in class.  With each diagram name, provide a few words about its purpose.  Provide numbers, before the diagram name, that indicate the abstraction level of the diagram.  That is, the most abstract is #1.  It is not important that the order in which you cite the diagrams is the order of their numbers.

#1-Context Diagram (not UML, but discussed in class):

· Illustrates how a program interacts with its environment.

· Part of architectural model, used in OCD, SRS, and SDD
.

· #2-Module Diagram (again, not UML, but discussed in class):

· Shows how a program is packaged into files and calling dependency between them.

· Part of architectural model, diagram is used in OCD, SRS, and SDD.

· #3-Data Flow Diagram (not UML, but discussed in class):

· Shows partitioning of program into logical processing blocks and information flows between them and with the external environment.
· Usually used to describe processing obligations. 

· Part of requirements model, used in SRS  

· #4-Activity Diagram:
· Describes how program activities are sequenced.

· Shows blocking and potential concurrency using synchronizing bars.

· Part of design model, used in OCD and SDD

· #5-Class Diagram:
· Illustrates static structure of program, e.g., classes and class relationships.

· Part of design model, used occasionally in OCD, always in SDD.

· #6-Event Trace (often called a Sequence Diagram):
· Describes sequence of communication between objects in a program.

· Part of design model, used occasionally in OCD, very often in SDD.

· #7-Structure Chart (not a UML diagram, but discussed in class):

· Shows function calling relationships in a program with data transfers.

· Part of design model, used in SDD.

· #8-State Diagram:
· Describes transitions between various states within a program.

· Part of design model, used in SDD.

Other diagrams discussed in class:

· #4 - Architectural Diagram (not UML, but discussed briefly in class):

· Ad-hoc diagram showing relationship of major parts of the system.  Often used to show queues, threads, and network communication.

· #8 - Data Structure Diagram (not UML, but discussed briefly in class):

· Shows how data is arranged.  Helps reader understand how complex data is arranged in memory or collected into containers.



3. Show how to create a delegate that invokes a function that accepts a string but returns nothing.  How would you use that delegate on a worker thread to insert the string into a list box on a form, not created by the worker thread?



  private delegate void ShowText(string text);

  private ShowText inserter = null;
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     ...


  private void TextInserter(string text)

  {

    listBox1.Items.Add(text);

    textBox1.Focus();

  }

  void threadProc()

  {

    if(inserter != null)

    {

      if(this.InvokeRequired)

        this.Invoke(inserter, new object[] { textBox1.Text });

      else

        this.inserter(textBox1.Text);

      textBox1.Text = "";

    }

  }

  private void button1_Click(object sender, System.EventArgs e)

  {

    Thread t = new Thread(new ThreadStart(threadProc));

    t.Start();

  }

  private void Form1_Load(object sender, System.EventArgs e)

  {

    inserter = new ShowText(TextInserter);

  }

4. Suppose that clients need to interact through shared data on a server.  Discuss which remoting activation model you would choose to achieve that interaction.  Could you also have clients share data using other activation models?

The obvious choice is to use the Singleton activation model.  Singletons are created on the first client call.  Each subsequent call gets a reference to the same Singleton instance.  Therefore, all clients share the same remote object state.  If no calls arrive during a predetermined lease interval the server releases its reference to the Singleton instance an it will be destroyed at some future time by the garbage collector.

The other activation models, SingleCall and Client-Activated, can also be used to share data between clients.  These activation models both provide a unique instance for each client.  Client-Activated has a lifetime process equivalent to the Singleton, while SingleCall instances live only for the duration of a single call.  Since these activation models do not explicitly share state between clients the designer needs to find some other mechanism to do so.  One obvious way is to store the shared data in a static object of some kind.  Static HashTables are often used for that purpose.  Thus, the remote object simply accesses the static object, using the type name of its enclosing class.

No matter how data sharing is achieved, serialized access to all shared items will be required.
 


5. Write safe code where the main thread creates a child thread then places names of text files into a shared input queue.  The job of the child is to open the file, read its contents into a string, and place the string in a shared output queue.  How would you handle files that don’t exist?


using System;

using System.IO;

using System.Collections;

using System.Xml;

using System.Threading;

namespace Q5BF03

{

  class ReadFiles

  {

    Queue _input = null;

    Queue _output = null;

    public ReadFiles(Queue input, Queue output)

    {

      _input = input;

      _output = output;

    }

    public void threadProc()

    {

      while(true)

      {

        while(_input.Count == 0)

          Thread.Sleep(100);

        string file = (string)_input.Dequeue();

        if(file == "quit")

        {

          _output.Enqueue(file);

          break;

        }

        try

        {

          StreamReader tr = new StreamReader(file);

          string contents = tr.ReadToEnd();

          _output.Enqueue(contents);

        }

        catch(Exception except)

        {

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

        }

      }

    }

  }

  class Exec

  {

    [STAThread]

    static void Main(string[] args)

    {

      Queue ToProcess = new Queue();

      Queue Results = new Queue();

      ReadFiles rf = new ReadFiles(ToProcess,Results);

      Thread t = new Thread(new ThreadStart(rf.threadProc));

      t.Start();

      string[] inputs 
= { "test1.txt", "test2.txt", "doesNotExist", "quit" };

      foreach(string input in inputs)

        lock(ToProcess)

        { 

          ToProcess.Enqueue(input);

        }

      while(true)

      {

        while(Results.Count == 0)

          Thread.Sleep(100);

        string output;

        lock(Results)

        {

          output = (string)Results.Dequeue();

        }

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

        if(output == "quit")

          break;

      }

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

    }

  }

}
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6. Describe in as much detail as you can how you would create a queue that will block the caller of its Dequeue function until there is an element in the queue.  Note that the Dequeue function removes an element from the queue and returns it to the caller.

using System;

using System.Collections;

using System.Threading;

namespace ClientForm

{

  public class BlockingQueue

  {

    private Queue blockingQ;

    ManualResetEvent ev;

    bool waitFlag = false;

    public BlockingQueue()

    {

      Queue Q = new Queue();

      blockingQ = Q;

      ev = new ManualResetEvent(false);

    }

    public void enQ(string msg)

    {

      lock(blockingQ)

      {

        blockingQ.Enqueue(msg);

        ev.Set();

      }

    }

    public string deQ()

    {

      lock(blockingQ)

      {

        if(blockingQ.Count == 0)

        {

          ev.Reset();

          waitFlag = true;

        }

      }

      if(waitFlag)

        ev.WaitOne();

      waitFlag = false;
      string temp;
      lock(blockingQ) { temp = (string)blockingQ.Dequeue(); }
      return temp;

    }

  }

}

Enqueuer sets event signaling that there is somenting in queue.  Dequeuer checks queue, if empty resets event then waits on it outside lock.  If waited inside lock, would deadlock.
7. Suppose that you are asked to develop a program that will delete debug directories on either the local or a specified remote machine.  Further, suppose that you may wish to exclude a list of subtrees, specified by their path names.  Discuss the architecture of the program you will develop.

Features of an program’s architecture include: uses, partitions, activities, interactions, events, views, and critical issues.  A program that deletes debug directories has a few critical issues, discussed below.  Its uses and events are relatively obvious, and its views are uninteresting.  So we will focus most on the system’s partitions and their responsibilities and interactions.

Executive:
The Executive reads a configuration file that specifies guarded paths, if one exists.  Otherwise it checks its command line for guarded paths.  It then accepts a starting path and optional machine identity from the user.  Finally, it creates instances of navigator, guard, deleter, and notifer objects and starts navigator with the specified path.

DirectoryNavigator:
The DirectoryNavigator module provides a definition of the navigator class, which contains delegates invoked when it finds files and directories.  The Executive module registers member functions of the deleter class to affect all processing as a drive is traversed.  The navigator constructor accepts an array of strings holding guarded paths, and skips all those while navigating a drive.

PathGuard:
This module handles the details of reading a configuration file or command line, looking for guarded paths.  It provides an array of these for the Executive to pass to navigator.

Deleter:
Takes care of the deletion of files within the debug directory, moving to its parent, and removing the debug directory.  It calls notifier, and waits for confirmation, if it finds anything it thinks might be important, e.g., certain kinds of files.  It also calls notifier if it does not have adequate permissions to delete a debug directory or its contents or if the directory is locked by another user.

Notifier:
Provides a notification form for user confirmation of deletion of interesting files.  It would probably display all such in a ListView and ask the user which should be deleted (all by default).

Communicator:
Handles communication between an Executive on the local machine and an Executive on a remote machine whenever we wish to delete debug directories across a network.  It is expected that the Executive will have a ClientPart and ServerPart, much like the PeerToPeer demo.

Critical Issues:
- files locked by another user
- don’t have permissions to delete
- debug directories may, occasionally, contain important files
- need to protect system files
8. Describe how you would use queues and threads to advantage in Project #4’s message-passing communication facility.  Considering both the sender and receiver, discuss when it is appropriate to use threads and queues.


In order to make the communication layer reusable, I would use send and receive queues on each end, expecting that often this facility will be used to implement Peer-To-Peer systems, as in Pr #4.  The essential properties of Pr #4 are:

· Originators send requests (small) for files (large) so, in this case, sender is faster than Receiver, implying a receive queue on receiver end.

· The Receiver may have periods of heavy load from other clients implying that accepting the message may take a while, implying a send queue on Originator.

· Since this is a Peer-To-Peer system, we simply reverse the roles and conclude that we need send and receive queues on both Peers.


The activity diagram shown in the answer to Question #1 is a reasonable structure for this scencario.  The features of this layer are:

· The receive queue is serviced by a receive thread running in a remote single-call object created by the remoting infrastructure.  This thread deposits messages in a queue, owned by a message handler object that is created on a client’s first call, and registered in a static Hashtable maintained by the server.  Every subsequent call uses that object’s queue to deposit more messages.
· The message handler object, which resides in the Peer’s ServerPart implements its queue as a blocking queue, so it works with messages efficiently.  Whenever the message requires a reply to the originator it enqueues the reply in a queue maintained by its ClientPart.  Each message contains its originator’s machine address as an attributed, so a dedicated send thread in the ClientPart simply connects with the originator and sends the reply.

So, to make the communication layer reusable, I’ve used send and receive queues, with dedicated service threads, on both sender and receiver.

In general, we don’t need queues on the receiver side if it has to wait for every reply before it can proceed with its work.  Similarly, we don’t need queues on the server side if the service time is very fast compared to the message inter-arrival time.  Since we can’t know if these conditions hold for future systems we may design, we’ve chosen to be conservative and provide them on both sides.

In order to avoid blocking senders during the processing of requests, we use dedicated threads to quickly service a client request by simply depositing it in a queue and then returning.  Because of this requests never receive replies as a returned object.  Instead, after processing the request, the server will send the reply as a message to the originator.
9. As the author of an Operational Concept Document (OCD) what are your goals and responsibilities?


The goals of an OCD are to describe clearly, completely, and concisely the structure of a proposed system and any critical issues associated with its construction.

The author’s responsibilities are to:

· Assess feasibility of the proposed system, as a result of analyses and prototypes developed during the development of the architecture.

· Analyze the types of users and the uses for the proposed system.  This will be the basis for load analyses carried out as part of a feasibility assessment.

· Discuss all critical issues, their resolutions if possible within the scope of the architecture development, and discuss their impact and risk, if not.

· Partition the system into top-level and perhaps intermediate-level modules, discussing the responsibilities of each.

· Describe the most important activities of each module, and how they interact.

· Define important events and develop timelines for the thread of processing that results from each event if timing is important for the system.

· Consider important views, especially for the user interface.
· Define interfaces between each of the modules defined by the architecture.

· Document all of these in carefully constructed sections of the OCD, providing summaries for each section, and an Executive Summary at the beginning that provides an overview of feasibility and critical issues.

This is a good description of what you need to do for Project #5.
10. C++ needs the facilities of templates to build reusable data structures used for collections.  Why is that not necessary in C#?

C# uses a shallow object model in which clients of class instances hold references to instances on the managed heap.  Since all reference types derive, either directly or indirectly, from the Object class, any reference typed as reference to object, can hold any reference type.  So we can design components that manage objects and when we need to use specialized capabilities of the object we simply cast to the actual type.

This is type-safe, since the cast operator throws an exception if the actual type of the object is not compatible with the type cast.

Thus, we have a type-safe way of designing components without specifying the exact type of objects they must use until the design of the application that uses them.  This is just what C++ provides with its template facilities.


� EMBED Visio.Drawing.11  ���








� Use Case diagrams were not discussed in class so do not appear on my list (I don’t think they are very useful).  It’s not an error to include them in your list.  I’ve included some non-UML diagrams that have been frequently discussed in class.  It is not an error to omit these from your list.


� OCD is Operational Concept Document, SRS is Software Requirements Specification, SDD is Software Design Document.
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