CSE681 - SW Modeling and Analysis
 Midterm A
Fall 2003


Midterm Examination A
Instructor’s Solution

1. Write safe code where the main thread creates a child thread then places XML element strings into a shared input queue.  The job of the child is to read the element, extract its payload string and place the string in a shared output queue.  You may assume that all payloads are simply text with no XML markup.


using System;

using System.Collections;

using System.Xml;

using System.Threading;

namespace Q1F03

{

  class XMLproc

  {

    Queue _input = null;

    Queue _output = null;

    public XMLproc(Queue input, Queue output)

    {

      _input = input;

      _output = output;

    }

    public void threadProc()

    {

      while(true)

      {

        while(_input.Count == 0)

          Thread.Sleep(100);

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

        XmlDocument doc = new XmlDocument();

        doc.LoadXml(msg);

        string text = doc.InnerText;

        _output.Enqueue(text);

        if(text == "quit")

          break;

      }

    }

  }

  class Exec

  {

    [STAThread]

    static void Main(string[] args)

    {

      Queue ToProcess = new Queue();

      Queue Results = new Queue();

      XMLproc tp = new XMLproc(ToProcess,Results);

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

      t.Start();

      string[] inputs = { 

                          "<one>first</one>", "<two>second</two>", 

                          "<three>third</three>", "<quit>quit</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");

    }

  }

}
2. You have been asked to develop author’s guidelines for creating Operational Concept Documents (OCD)s.  You want to provide as long a list of types of critical issues as possible for the authors to consider when preparing their document.  Please provide that list here.

List of Critical Issues to consider:
· Operational Issues – ensuring integrity of operation:

· Human safety – flight control, XRay machines, Air Traffic Control, traffic signals, …, e.g., our system doesn’t kill or maim anyone.
· Financial integrity – banking systems, ATMs, website credit handling, investment management, …, e.g., our system doesn’t cause loss of equity.
· Security and privacy – loss of proprietary data, disclosure of private information

· Load Handling and Performance Issues:
· Are we confident about load models?  Have we measured prototype service rates?  Can we handle the expected peak number of users/messages/data transfers?  What does handle mean?
· Is there adequate available bandwidth for communication between distributed system components?
· Enough time to initialize and shut down system?  Usually only an issue for high availability systems.
· Adequate performance of algorithms used (elapsed time and memory use)?
· Need to cache data – worth the complexity?  Is data coherency a problem?

· Design and Implementation Issues – these may be issues, depending on the customer and architecture:

· Complexity of requirements – is the system feasible considering the allocated budget and schedule?

· Clarity and stability of requirements – do we understand the job we’re supposed to do?

· Effectiveness of user interface and internal operations for complex uses and user needs.
· Usability of the system – providing an operator with enough information and flexible controls to act on the information given (three-mile island, Chernobyl).
· Sharing of resources among clients or peers - issues of locking, liveness, and usability
· Correct threading

· No sharing conflicts, deadlock, starvation, priority inversion

· Properly handle thread affinity – worker versus UI threads
· Recovering correct system operation after exceptions are thrown

Things that are not Critical Issues: 
Code quality is (an important) management issue, but not an architectural issue.
· Program crashes – any competent developer can prevent crashes with enough diligence

· Validate inputs

· Catch exceptions where they may be thrown

· Exert extreme discipline with languages that support pointers

· Care to avoid uninitialized references.

· Resource leaks – most languages provide one or more mechanisms to help avoid this problem.

· tools exist to check for resource allocation/deallocation problems
· ensure that all allocated resources are returned in destructors or finalizers.

· Reusability – very desirable, but almost never a critical issue.

· We build software to be as reusable as we can within the time and budget we have to work with.

· Portability – desirable, but usually not a critical issue.

· As architect your job is to ensure that this system can be built successfully.

· Portability only becomes an issue when you are porting an existing system to a new platform.

3. Explain, in as much detail as you can, the C# lock statement syntax and semantics.

Syntax:  lock(anObject) { // use anObject here }

Semantics:  This statement is equivalent to:

Monitor.Enter(anObject);
try {  // use anObject here }
finally { Monitor.Exit(anObject); }

The object, anObject, is locked from the time an accessing thread enters the lock scope.  Any other thread that calls this lock statement will block until the accessing thread leaves the lock scope.  At that time a single waiting thread, if any, will enter.

If an exception is thrown by a thread inside the lock scope, it is guaranteed that the lock will be released.


4. Draw an activity diagram that shows how you will complete this examination.  Allow for multiple passes through questions and special handling of questions that you find easy and ones you find difficult.
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5. In a message-passing communication system, would you ever decide against using queues on the server?  Why or why not?  Would it ever make sense to use queues on the server but not on the client?

Ever decide against using queues on server?

 
Yes, whenever the client must wait for each request to complete on the server before it can
 
continue its processing (because it always needs the results to continue)
.  Thus no decrease in 
 
performance occurs because the client is blocked.

 
In the case above it would only make sense to use message passing if you had an existing
 
communication component you wanted to reuse, since the design situation is essentially 
 
synchronous, e.g., an RPC model.

 
Also, if the server service time is small, relative to the client time between request, and there is a 
 
strong reason to believe that there will not be many concurrent clients, then there is no need of 
 
queues on the server.  The PeerToPeer demo meets that criteria.  It takes the client longer to
 
type in a message that the server takes to display it.

Ever use queues on server but not on client?

 
Yes, if the client never receives replies from the server, then there is no need for queues on the 
 
client (this assumes that the client spends very little time blocked because its message just gets 
 
queued on the server).  A peer structure like the Bilateral Remoting demo is an example.  There, 
 
the ClientPart never receives a reply, as the ServerPart gets all the replies.  A print server is 
 
another example.  Client machine does not need to wait for the printing job to be finished.

 
Another case occurs where the client is much faster handling replies than the server is in
 
responding, so queue would almost never be holding more than a single reply.
6. Pick one of the UML diagrams we have discussed in class.  Explain, in as much detail as you can, its purpose, any pertinent rules about its construction, and when and where you would use this type of diagram.  You may use sketches to help explain the rules if you wish. 

You need to provide more detail than this answer, but here is a quick summary:


· Context Diagram (not UML, but discussed in class):
· Shows how a program interacts with its environment – architectural model, used in OCD, SRS, and SDD
.

· It consists of a single bubble representing all processing to be developed, connected with arrows to and from rectangles representing external capabilities used by the system being developed.  Each arrow is labeled and unidirectional.

· Module Diagram (again, not UML, but discussed in class):
· Shows how a program is packaged into files – architectural model, diagram is used in OCD, SRS, and SDD.

· Rectangles, represent each of the modules in a system, connected with lines showing calling relationships, with callers above callees.  The rectangle’s label is the name of the module.  All lines should contact only top or bottom of a rectangle.

· Data Flow Diagram (not UML, but discussed in class):
· Describes processing obligations – part of requirements model, used in SRS

· Bubbles representing processing carried out by a logical part of the system
.  Each bubble is named and given a number that corresponds to the paragraph number of the text describing the processing, often referred to as a PSpec.  Arrows flow into and out of each bubble, representing information necessary to sustain the process and generated by the process, respectively.  Each flow is labeled and the labels must be consistent between levels of the diagram and with a parent context diagram.  A data flow diagram is leveled by creating a child Data Flow Diagram with sub-processes that partition the parent process’s processing.  All the flows into and out of the parent process must also be present, and label consistently, in the child diagram.

· Activity Diagram:
· Shows how a programs activities are related and sequenced – Design model, used in OCD and SDD

· Bubbles connected with unidirectional arrows, representing progress through a sequence of activities.  Also uses synchronizing bars.  No activity flow from a synchronizing bar can start until all the activities that lead into that bar have completed.  All activities flowing from a synchronizing bar may run concurrently and are guaranteed to be independent.  They can be executed in any order without affecting the correctness of the system’s operation.  Activity diagrams may also use diamonds to represent decisions and must have exactly two flows coming out, one true and one false.  Good style dictates that flows terminate on activity bubbles, not on other flows.

· Class Diagram:
· Shows static structure of program, e.g., classes and class relationships – Design model, used occasionally in OCD, always in SDD.

· Rectangles represent classes and connectors represent various types of relationships: A line with a triangle represents inheritance of the class on the base end from the class on the apex end.  Lines with filled diamond on one end represents a composition of the class on the empty end with the class on the filled end.  Lines with unfilled diamonds represent aggregation.  Arrows represent using relationships where the arrow points to the used class.

· Event Trace:
· Describes dynamic communication between objects in a program – Design model, used occasionally in OCD, very often in SDD.
Vertical bars represent objects.  The length of the bars and their altitude represent the lifetime of each object.  Horizontal arrows represent calls to member functions of each object, specified by the arrow label.  Time flows from top to bottom.  The event trace is not required to show every call.  

· Structure Chart (not a UML diagram, but discussed in class):
· Shows function calling relationships in a program – Design model, used in SDD.

· Like a module diagram, except that each rectangle represents a function whose label is the function name.  Any data passed in the call is shown as a couple, e.g., an arrow with a ball on the non-arrow head end, and a label naming the data.  A commonly exercised rule is that all the functions in a module should be shown in its structure chart.

· State Diagram:
· Describes transitions between various states within a program – Design model, used in SDD.

· Bubbles, representing states, are connected by arrows representing the transition between states.  Labels on the arrows represent events that trigger the transition.


7. You are asked to develop a program that will find all duplicated files, based on name, on either a local or remote drive.  Further, suppose that you want to distinguish duplicates that have the same size and date from those that do not.  Discuss the architecture of the program you will develop.

An architectural description includes: uses, partitions, activities, interactions, events, views, and critical issues, I will focus on partitions and responsibilities – Uses and views are relatively obvious, there aren’t too many critical issues, and activities, interactions, and events are too detailed for this discussion.
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· UserInterface is responsible for accepting user requests and displaying the results.  It uses services of the analyzer model to generate a list of duplicated files with their paths and display to format the data into meaningful information for the user.

· Analyzer is responsible for building the duplicate file list using navigator and messageHandler, for remote information.

· Navigator walks a local or remote drive.  If local, it hands file and path information to FileStore for storage.  If remote it hands each file/path datum to MessageHandler for transmission back to the client program.

· On completion of navigation, FileStore discards all filenames that occur only once, then calls on FileCompare to decide whether files with the same name are in fact duplicates.

· When this is complete, Navigator returns, followed by a return from Analyzer, prompting the user interface to request data formatting by Display, which extracts stored information from FileStore to do its job.


8. Write C# code that defines and creates a delegate that invokes functions with the signature:

 

void SomeFunction(byte[] rawData);

Add code so that some specific function is called.  That is, write a function shell with a comment to indicate where contents go (you don’t need to provide the function body’s code), and ensure that that function is called when the delegate is invoked.  How do you invoke the delegate?


using System;

namespace delegatesA

{

  class Publisher

  {

    public delegate void ByteHandler(byte[] rawData); //declares del
    public ByteHandler handler = null;
    //declares ref to deleg
    public void publish()

    {

      byte[] bytes = { 1, 2, 3 };

      if(handler != null)

        handler(bytes);

// invokes del
    }

  }

  class Demo

  {


  [STAThread]


  static void Main(string[] args)


  {

       Publisher pub = new Publisher();

       Subscriber sub = new Subscriber(pub);

       pub.publish();


  }


}

  class Subscriber

  {

    public Subscriber(Publisher pub)

    {

      pub.handler += new Publisher.ByteHandler(display);

    }

// ensures function display is called
    public void display(byte[] bytes)

    {

      Console.Write("\n  ");

      foreach(byte Byte in bytes)

        Console.Write("{0} ",Byte);

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

    }

  }

}

9. Why are many of the data structure classes in the System.Collection namespace typed to store objects?  Explain how you use these classes.


C# does not provide a template facility, but it does use a shallow reference model.  That means that what any collection will hold are references, e.g., pointers all of the same physical size, 32 bits on the current Windows operating system.

Furthermore, every reference type inherits directly, or indirectly from the Object class, so any container that is typed to hold objects can hold any set of reference types.  A base reference can be replaced by a reference to any derived type whether the derivation is direct or indirect.

To use these collections, we are required to cast any objects retrieved from the container to its actual type so we can use its interface.  This exchange is type safe because the cast operator will throw an exception if the object is not cast to its correct type or to a base of that type.
10. Discuss which remoting activation model you have chosen to use for Project #4.  Discuss, for each of the activation models why you chose or did not choose that model.

Using SingleCall activation, a remote object is created for each client, for each call.  At the end of the call the object reference is released and so the garbage collector will eventually reclaim it.

With Singleton activation, only one remote object is created, and shared among all clients.  Thus its member data must by synchronized.  The server will hold a reference to the Singleton for a period of time determined by its lease.  Thus its internal state persists of that time.  The lease is renewed each time a client makes a call.  When the lease expires the Singleton reference is released, and the garbage collector will eventually reclaim it.

Client-Activated remote objects have lifetimes that are determined by a lease and behave like Singletons in that regard.  However, each client gets their own instance of the remote object.  The state of the object will persist for the duration of the lease.

I would use SingleCall remote activation.  In my design, each message the client sends contains its IP address as an attribute of the message.  The first time a message is sent the remote object creates a file handler object and places a reference to that object into a static synchronized hashtable with the IP address as the key.  Then, every time the client sends a message the single call object is created, retrieves the filehandler object and enqueues the message in its input queue.  Note that there is one input queue of each client on the server.

I would structure the project like the PeerToPeer demo I put on the class account, with each Cloner having a client part and a server part.  All reply messages go through the same process as the request messages, except the source and destination are swapped.

I chose SingleCall activation because it is simple, but Client-Activated objects would work as well.  The code is just a little bit more complicated for that case, due to lease management.  Singletons would not be as appropriate here, because there is no sharing between clients, so Singletons would provide no value, with a loss of performance and the need to synchronize all their member data.


� EMBED Visio.Drawing.11  ���





� EMBED Visio.Drawing.11  ���





Note:


Almost all the remote functionality is identical to the local functionality, so most of the code is reused.








� Remember that with Client-Activated or SingleCall activation models each client’s remote object gets its own thread, so there is no need for the server to queue up requests from many clients in a single queue.


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


� May not correspond to a physical part, e.g., module or class.
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