CSE681 SW Modeling & Analysis
MidTerm Exam A                
Fall 2002


Midterm A

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.



Notes for Solution:

Presented here are my quite complete solutions for the Midterm A examination.  Its purpose is to provide you with approved answers to the questions, and also to cover many of the issues that I might otherwise need to write about on your exam papers.  So part of the goal of these answers is to decrease the amount of writing I need to do while grading your papers.
Therefore, I do not expect answers from you as detailed as some of my answers included here.  This applies especially to the diagrams associated with message passing and remoting.
1. Write a well-formed XML document that describes this class, e.g., class name, time of meeting, instructor, and topics.  This question is concerned with the XML document, not the accuracy of the class information (you don’t loose points for misspelling my name or forgetting some of the topics covered).


Answer:

<?xml version=”1.0” ?>
<CSE681>
   <instructor name=”Fawcett” />
   <schedule>
      <meets time=”6:00PM” day=”Wednesday” place=”107 HL”/>
      <semester>Fall 2002</semester>
   </schedule>
   <topics>
      <topic>SW Architecture</topic>
      <topic>.Net Platform</topic>
      <topic>C#</topic>
      <topic>Threads, Processes, and Kernel Objects</topic>
      <topic>Queues</topic>
      <topic>Asynchronous Systems</topic>
      <topic>Sockets and Remoting</topic>
      <topic>Enterprise Systems</topic>
   </topics>
</CSE681>
2. Draw a diagram representing a message-passing communication facility to be used as a part of the component server you are developing in Projects #3 and #4.  Explain why each of the parts are present and how they operate.

Answer:
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This is one of many possible configurations that you could use for message passing for the fourth project.  It is what I would use, but many other solutions are acceptable for this question.

The Client’s main thread sets up its communication channel as SingleCall, creates the communication and receiving threads, creates a Pass-By-Ref Object that the server uses to pass back files, and manages the user interface – I’ll assume a forms based User Interface.  The main thread creates messages, based on inputs from the user interface.  It then deposits the messages in the SendQ.  The communication thread dequeues the message and makes a synchronous call to the server’s remote object.  For a file request it sends a reference to the PBRO to the remote object, as a parameter in the call.  The server replies by either returning a message as a return value from the call, or makes calls on the Client’s PBRO to send file blocks, which the PBRO saves to a file.  When file transfer is complete, or if the server sends back a message as a return value, the communication thread places a message in the RecvQ.  The Receiving thread extracts messages from RecvQ and makes appropriate entries in the UI controls, using the Form’s invoke method.

The server simply sets up its channel and waits for Client calls.  Because the Channel is SingleCall, the server handles multiple clients, each with its own remote object.



3. Write a code fragment that creates a child thread and uses a queue to pass strings between the main thread and child thread.  You do not have to write a complete program, just the part of the code that implements the functionality described.  You may use either C# or C++, but should use the .Net Framework Class Library.


Answer:


class demo
{
  Queue Q;

  demo()
  {
    Q = new Queue();
  }
  void ThreadProc()

     {

       string msg;

       do 

       {

        // Sleep if Queue empty - avoids spending CPU cycles needlessly

         while(Q.Count == 0)

// better to use blocking queue
           Thread.Sleep(100);

// but this keeps answer simple
         lock(Q) { msg = (string)Q.Dequeue(); }

       } while(msg != "end");
     }
   }
  // initial code in main

     Thread child = new Thread(new ThreadStart(demo.ThreadProc));

     child.Start();

     // send messages to child thread

     string msg;

     for(int i=0; i<50; ++i)

     {

       msg = "message #" + i.ToString();

       lock(demo.Q) { demo.Q.Enqueue(msg); }

     }

     lock(demo.Q) { demo.Q.Enqueue("end"); }

     child.Join();

  // termination code in main

4. Explain how the C# object model works.  This question is not concerned with the details of the Common Language Runtime design.  It is concerned with how objects are created, how user’s interact with them, and how they are managed.


Answer:
C#, and in fact all .Net Languages, create objects
 only on the managed heap.  The .Net run-time takes care of removing objects from the heap when they are no longer referenced, using the services of a garbage collector.  All classes derive from a hierarchy rooted in the single type “object”.

When you use a type declaration, like ArrayList, that simply creates a storage on the current stackframe for the reference, e.g., pointer to the object on the heap.  In order to create the object, you use the new operator to construct the object on the heap and assign the resulting reference to your declaration, e.g.:

  ArrayList al = new ArrayList();

Since objects are accessed through references, copies and assignments are shallow.  That is, the reference is copied or assigned, not the contents they point to.

Every object, defined in some assembly, has its type information encoded in the assembly’s metadata.  Because of this, unlike C++, the new operator uses metadata, rather than information the client supplied via an inclusion of a header file, to create the new type.  This is important.  The new operator gets its information from the object itself, not from a header file included by the client.  This decouples the client from the object’s implementation.

The implications of this model are significant.  Since clients have only a reference to their objects, and all references are the same size, changes to the objects themselves are unlikely to break the client, as long as the interface does not change, and the semantics are similar.


5. Explain why queues may be an important part of a distributed processing system.  What roles do they play?  When do you need to use them?  When would you decide not to use them?

Answer:
Queues are used to pass information from one thread to another, without making the threads rendezvous to transfer the data.  The sending thread deposits its information in the queue whenever it finds it convenient to do so.  The receiving thread reads the information whenever it finds it convenient.  This decouples the sender from the receiver.

When messages pass between machines in a distributed application, there are almost always threads dedicated to handing messages to the communication channel and to retrieving them from the channel.  These threads communicate with the main application threads on their respective machines through queues.

You need queues when:

· Two threads need to communicate

· One or both of the threads has more than one task to do, so they can not wait for a rendezvous.

· Communications is bursty so that messages may arrive very quickly for a short period, but the arrival rate slows down at other times.  Using queues allows the sender to operate at its own, bursty pace, without waiting for the receiver to catch up.

· You need to communicate reliably over an unreliable medium.  Then you use a queued store-and-forward system.

You don’t need queues when:

· The sender needs to wait for the response of the receiver, so it can’t do other work while it is waiting.

· The receiver is much faster, or more lightly loaded, than the sender, so the queue is almost always empty.  In this case a simple shared variable or object will do the job.

6. Suppose that you have decided to design a file server using the sockets classes from the .Net Framework Class Library, and you will not be using a pre-existing File Transfer component.  Explain how you would design the server to handle multiple concurrent clients.  Explain the use of the various class objects and how they handle client requests.  You may assume that clients do not need to share any information with each other using the server.


Answer:
Using the .Net classes, the server will create a TcpListener object, start it, and call its AcceptSocket() function.  This function returns with a new Socket object when a client has requested a connection and a communication port has been negotiated.

The server will spawn a new thread for each accepted client, passing the thread the socket returned by AcceptSocket().  When the server spawns a new thread it hands the thread a reference to a member function of some class, say ThreadProc, to run.  That function, and any helper functions it calls, must be able to completely handle all processing requested by the client.  When the processing is complete, the thread exits the function and is terminated.

Just before exiting its processing function the thread should call the sockets close() function to gracefully end communication.
7. Explain what each of these C# statements does:

   public delegate void ElapsedEventHandler(Object sender, ElapsedEventArgs e);

   public event ElapsedEventHandler Elapsed;

   Elapsed(this, new ElapsedEventArgs(…));


Answer:
The first statement declares a delegate type ElapsedEventHandler.  This creates a class definition, derived from Delegate if the return type is non void, or MulticastDelegate if the return type is void.  Classes derived from Delegate or MulticastDelegate are invokers.  A subscriber or subscribers, in the case of MulticastDelegates, register with the delegate using the assignment or += operators, e.g.:

 
Timer.Elapsed += new ElapsedEventHandler(myTimerEventHandler);

The function must have signature:

 
void myTimerEventHandler(Object, ElapsedEventArgs)

The first argument is sometimes used to identify the Publisher that invokes the delegate, and the second argument, derived from the standard class EventArgs, wraps up any parameters the invoked functions will need to carry out their operations.

The second statement defines an event creating an instance of the ElapsedEventHandler type.

The third statement invokes the functions that have been registered with the ElapsedEventHandler, presumably in response to the event that ElpasedEventHandler is associated with.  Event objects are invoked, that is their associated delegates are invoked, by member functions of the class that declared the event.  Often these classes define controls of some type.


8. Two threads will be accessing a member function of a class you have designed.  Do you need to serialize access to non-static variables defined in that member function?  Why or Why not?

Answer:
You do not need to serialize access to the local data defined in the member function, as each thread has its own stack, so each thread has its own copies of those local data items.
9. Please give a definition for each of the following and state some of their properties:

· process

· thread

· handle

· kernel object

Answer:

A process is a container provided by the operating system for the state of every executing program.  That is, each program has its own process.  A process has one or more threads.  When the main thread terminates, the process terminates.  Each process defines a separate address space.  That is, a process is given a region of memory in which to run, and that memory location will not necessarily be the same from invocation to invocation.  All pointers within that process define offsets to the beginning of the process memory allocation.  Thus, it makes no sense to pass a pointer from one process to another, using some form of interprocess communication.

A thread is a path of execution within a process.  Threads are the basic unit of scheduling in Windows, and each thread maintains its own stack, global data, and thread local storage.

A kernel object is an object, managed by the operating system, that has security attributes, has a system wide name, and may be shared, using its name, between processes.  Examples of kernel objects are threads (threads cannot be shared), mutexes, timers, events, files, and processes.  Each kernel object is referred  to by a handle.

Handles are indexes into a table, managed by the operating system, that contains the addresses of every kernel object available to a process.  The kernel objects may be moved by the operating system, during the execution of a program, and so the handle provides an immutable reference to this non-stationary object.
10. In Project #5 you are asked to develop an architecture for a system that contains, among other things, a virtual meeting room that provides a white board.  Assume that the white board will be used to create sketches with a stylus and digital pad, resulting in drawings in a window.  Telephone lines will be used to support audio.  Assume that each user is wearing a headset and that the system can identify a current speaker.  


· On this and the next page, sketch out an architecture for the whiteboard subsystem.  How would you use speaker identity?  


· Do you think it is feasible for a remote site to use a dialup internet connection (on a separate telephone line) to pass whiteboard information?  Why?
Answer:
An architecture examines the uses for a system.  It defines its structure, e.g., top level components and responsibilities of each component.  It defines critical processing issues associated with any of the components, and develops a model for the interactions between components.  When planning an architecture for a system we consider its:


· Uses

· Tasks

· Views

· Partitions

· Events

· Interactions


One way to develop the architecture follows:

The major uses are:

· Virtual work sessions between colleagues not all at the same location.

· Presentations from one site to another.

· Meetings between managers, not all at the same location.

· Viewer for complex drawings and documents stored at a remote location.

The main partitions are:

· White board data manager, probably present on all clients and on a central server.

· Defines and manages objects in the white board domain.

· An object is the unit of editing, storage, and display.

· White board client interface supports input and display.

· Telephone handler dials, sets up conference calls, provides low volume automated message center.

· Caller and writer identifiers are shown in a message board attached to the whiteboard.

· Active speaker is identified on message board with highlighted name.

· Calls are optionally recorded as wav files.

· Communication subsystem, used to pass messages between each client and the central server.  This subsystem will be used for other functions beside the whiteboard.
· Message handler that is used to send and receive messages for:

· Drawing operations

· Text display

· Access control – only one writer for each object in the whiteboard domain.  The writer can be transferred from one user to another, but cannot be given to more than one at a time.

· Chatting between users.

· Slide show manager that sequences through slides for meetings and presentations.

· Storage manager to retrieve and store an object set, saved from some other session, or built by another tool that shares the same data model.


Major events are:


· Create new drawing object and associated writer.

· Edit a drawing object.

· Change in access control, e.g., user acquires or releases a writer on one or more drawing objects.

· Chat channel opened or closed.

· Drawing object set saved or restored or merged with another set.

· Start slide show, next slide, previous slide, end show.

· Allow or Disallow user control of slide show sequencing.

· Caching of drawing sets on clients, updating of caches based on writer activities.


Performance issue:

· Since some of the internet connections may be dialup, the client messaging system will need to be queued so that bursts of activities can be spread out enough to pass all the traffic through low bandwidth channels.  Low bandwidth channels will need to establish message priority, e.g., high priority selected for one of the following: Drawing commands, chatting messages, or message board messages.  Low priority messages may take a long time to arrive and be displayed at the receiver client.

User views are:

· Client user interface.

· Server’s administrator view.

· Chat View.

· Slide show view – display panel, control panel



Designer views are:

· Data representation view.


Interactions are:

· Message passing between client, communications subsystem, and server.

· Locking of drawing object, based on writer ownership, communicated from acquiring client to server to all other clients.

· Chatting, uses server to establish active user addresses, then direct connect.

· Slide show passes object set then either signals user permission to sequence or sends control messages as show navigates through slides.

· Save command signals all clients that save is underway and temporarily disables all writers.

· Restore command requires either empty whiteboard or consent of all clients.



Next step is to define tasks and activities for each of the partitions.  That is beyond the scope of this question.

Supplementary Grade Sheet:

Question #1:

· XML banner

· Single Root

· All close tags present

· Structure makes sense

Question #2:

· Answer makes clear that either Socket class, TcpClient/TcpListener classes, or Remoting is being used.

· If sockets, process for handling concurrent clients is explained.

· If remoting, activation model is explained.

· Message routing, queues, and threads are explained.

· Structure has some chance of working.

· File transfer with chuncking is explained.

Question #3:

· Thread processing function defined
· Thread created with Thread class constructor, passing thread processing function

· Thread started

· Queue is locked before using or is created as synchronized.

· Main thread enqueues, child thread (in thread processing function) dequeues.

· Syntax correct

Question #4:
· Explained that references to all objects reside on stack frame.

· All objects reside on heap.

· Explained creation syntax.

· Discussed consequences.
Question #5:

· No rendezvous required

Use queues when:

· Threads need to communicate

· Threads have more than one task

· Communications is bursty

Don’t use queues when:

· Sender needs to wait for response

· Receiver is much faster

Question #6:

· Start up listener

· Accept requests

· Spawn new thread

· Named specific classes or Win32 function calls

Question #7:

· Declare Delegate Type

· Event creates delegate instance

· Elapsed invokes functions pointed to by delegate

Question #8

· No, each thread has own stack

Question #9

· Process is container

· Thread is unit of scheduling, represents path of execution

· Kernel object has security attributes, defined by operating system, accessed through handle

· Handle is index into table of addresses of each kernel object in process.

Question #10

· Uses, Partitions, Events, Interactions, Views  (Tasks are too detailed for an exam)
· Critical issues

· Makes sense

� EMBED Visio.Drawing.6  ���











� Structs and primitive types like int and double are called value types and reside on the calling stackframe.
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