CSE681 - SW Modeling and Analysis
                       MidTerm Examination B
Fall 2005

Instructor’s Solution - Examination B
Name:__________________________________________________  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 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. Describe what happens when the function GetType() is called on an instance of a class you have implemented.  What happens when the code lock(this) { … } is called in a member function of this class?
  What do these two questions have in common?


Type myobj.GetType() returns an instance of the Type class, filled with information about the type of myobj.  It gets this by reflecting over the metadata contained in the assembly that defines the type of myobj.  Lock(this) { … } locks the entire object referenced by the this, e.g., myobj, while the current thread is inside the lock scope.

The GetType() function is inherited from the object class, from which all reference types derive.  Lock() {} works by setting and unsetting a sync block
 to which the base object class holds a reference.  So neither GetType() nor lock() would work for types that did not derive from object. 

See MTF05B1.cs

2. Suppose that you have written a C# class, X, that defines a non-static function with signature void f(string s).  You want the f(s) function to call a function in some other class, Y, without having a direct reference to that class.  Write code for the X and Y classes that will accomplish this.


See MTF05B2.cs for solution using delegate.
See MTF05B2b for solution using reflection.
3. Suppose that x is some instance of the class X.  Replace the statement lock(x) { x.f(); } with semantically equivalent statements using a Monitor.


The statement:

 
lock(x) { x.f(); }

is semantically equivalent to the statement:

 
Monitor.Enter(x);
 
try {
 
  x.f();
 
}
 
finally {
 
  Monitor.Exit(x);
 
}

The lock statement guarantees that the lock will be released, even in the presence of exceptions within the scope of the lock statement.  The Monitor statement above also does this, as the finally clause will always run, whether an exception is thrown or not.

See MTF05B11.cs for a working example.



4. What operations do qualifiers ref and out, as applied to arguments of a C# member function support?  How does that relate to the C# object model?

The ref argument, when used to qualify an input type in a C# function implies that a reference will be stored on the stack frame of the called function, referring to the same object held by the caller.  Functions with ref parameter simulate
 holding a reference to a reference by copying the reference held on the stack frame back to the caller.  This allows one to change the object referred to by the caller, not just the value of the referenced object.

An out parameter tells the compiler that the function will create an object for the reference to bind to, so the compiler will allow you to pass in an un-initialized reference type.

All instances of C# classes are created on the managed heap and accessed through references.  C# also supports value types, e.g., primitive types like int and double, as well as enumerations and structs.  The ref and out parameter qualifiers support both kinds of C# types in a way that is consistent with their expected type behavior.  The ref parameter supports changes of values of value types in the caller’s scope as well as changing the object referred to by a caller’s instance of a reference type.  The same is true for out parameters.

5. Write an XML representation for a message that contains the sender’s ip address, a message type indicator, and a message body.  Write code to build the message using an XMLTextWriter.

See MTF05B5.cs


6. What is an application domain,and how does it relate to the AppDomain class?  What role does the AppDomain class play in the Test Harness prototype, discussed in class?


An application domain is an execution environment, provided by the Common Language Runtime (CLR), for all managed code.  Application domains provide isolation of access and hiding of types between domains.  Every process that hosts managed code contains one primary application domain, and may contain others if they are created by code in the primary domain.

The AppDomain class provides facilities to create and manage application domains from within managed code.  It is used by the test harness to create a child application domain for loading all the test and tested code that will be run in one configuration by the test harness.  When the harness finishes that sequence of tests, it will unload the child domain, and create another to load and run more tests, as needed. 



7. Draw a module or package diagram that describes the partitions you selected for your Code Generator in Project #2.  Describe the responsibilities and interactions of each partition. 
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CodeGen Executive is responsible for reading arguments, if any, from the command line, creating, and disposing the DataEntry Form, and establishing the paths to user information and template files.

DataEntry Form is responsible for creating the four modules it depends upon, requesting user information, reading user inputs, creating each code file requested, along with a project for each.  It provides editing services to the user, and disposes the Editing Form when finished.  Finally, it provides a try-catch block for error handling that, when activated, writes error information to the Form’s status bar.

UserData XML Parser creates an XML reader, reads user information, and stores it in memory for use during code template parsing.  If parsing errors occur, the System.Xml facilities will throw an exception.  This is not caught by UserData XML Parser, deferring that action to its parent Form.

Code Template Parser reads the appropriate template files, parses them, looking for embedded language elements that request data substitutions.  It then makes the appropriate substitutions and saves the generated code file.  If parsing errors occur, Code Template Parser will throw an exception, caught by its parent form.

Project Parser reads the appropriate project templates, parses them, looking for specific lines to modify, and saves the generated project file.  If parsing errors occur, Project Parser will throw an exception, caught by its parent form.

FileHandler opens or creates all files used by CodeGen and throws exceptions on failure, which will be caught by the DataEntry Form. 


8. Describe how multiple concurrent clients send messages to a server so that the server can process each message in its arrival order.  Use details of .Net remoting infrastructure to support your answer.  You don’t need to write code, just draw some diagrams and discuss, using what you’ve learned in class about remoting.

Since we expect the server to process client messages in arrival order, it will need one queue for all client messages.  Two structures come to mind.  You can use a singleton activation model to create a single remote object that is shared by all clients, running on its own thread.  The server will need to pull messages off the queue to process them.  One good way to arrange for that is to make a class that wraps a static BlockingQueue.  Then both the server and remote object create an instance of that class and will access the same shared static queue.  This works because the remote object runs in the same application domain as the server.  We will show in class later, that that is not the case for web services and so this trick will not work there.

Another option is to use a client activated remote object that instantiates the object wrapping the static queue.  Each client that passes in a message will get its own remote object, running on its own thread.  But since the queue is static, all the clients and the server share the same queue.  Since the remote object’s sole activity is to place incoming messages on the server’s queue, there is no state that needs preservation from call-to-call, for any given client, so there will be no problem with leases expiring.  We simply create a new object, as needed.
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9. Suppose your application passes an integer value, as a parameter to a member function of some class, and that function will change its value.  How can you ensure that the value is also changed in the caller’s scope?  What is meant by the caller’s scope?

Integers are value types, and so the function will hold a copy of the value if we pass as an integer.  
So any changes made inside the function are not seen in the caller’s scope.

To affect the caller’s scope we have to pass the integer with a ref or out qualifier.  This copies a reference to the integer onto the function’s stack frame, so changes in the function result in changes in the caller’s scope.  Note that an out qualified parameter is simply a reference that is allowed to be null when the function is invoked, as the function promises to provide a valid reference before returning.

See MTBF059.cs

The caller’s scope is the smallest region beginning and ending with braces that contains the function invocation, e.g., the stack frame containing the function invocation.
10. You have been assigned to a project that will develop a large distributed system.  Your supervisor has asked you to develop a concept for the project and document your concept for other developers.  What are your obligations, and what things will you consider.


You are obliged to assess the feasibility of the project.  You begin by considering ways that users and/or other software will interact with the system.  You also consider other related uses, not directly requested in the original project specification.

When you understand what the users need and want from the system, you define tasks needed to provide for those needs, and partition the system into modules, describing the responsibilities and interactions of each, in order to successfully carry out the tasks you have identified.  You will use a package diagram or module diagram to help you and the user understand the system’s structure.

Next, you discuss the activities of each module as it carries out its responsibilities and interacts with the other modules.  You will use one or more activity diagrams to show how the system behaves, including its sequential activities, independent activities, and waits.

Finally, you critically analyze any issues that may cause development problems, and propose solutions where that is reasonable.

While preparing this documentation, you will consider the system’s goals, uses, tasks, partitions, interactions, events, views, and performance.


11. Write code to safely pass a series of strings from a parent thread to a child thread, using an instance of the System.Collections.Queue class. Documentation for the Queue class is attached.

See MTF05B11.cs


� The ellipsis, …, indicates code that you do not need to discuss to answer this question.


� Synch blocks are described in the section on Monitor Internals, chapter 14, Prosise.


� The only difference in semantics between this behavior and actually holding a reference to the caller’s reference is that, if the function changes the object referred to, the change does not happen for the caller until the function returns.  This is explained in “Programming in the .Net Environment, Watkins, et. al., Addison-Wesley, 2003, pg 311.
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QueueWrapper class holds a static queue.  Remote Objects and Server can declare their own instances of the Wrapper class and still share the queue, because it is qualified as static.



