CSE681 - SW Modeling and Analysis
                       MidTerm Examination A
Fall 2005

Instructors Solution - Examination A
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 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 an exception is thrown by code inside a lock(this) { … } statement
.  What happens if another thread is blocked on that statement when the exception is thrown?

Sequential execution of code stops at the point the exception is thrown.   As explained in the class text, the lock is released when an exception is thrown, because lock’s implementation has a finally clause that always releases the lock when the current thread leaves the lock scope for any reason, e.g., normal exit or by exception.

Because the lock is released, a waiting thread can enter after an exception is thrown inside the lock.  See MTF05A1.cs for a demonstration.

Note that the lock does not catch the exception, so you still have to provide for catching and handling any exceptions that may be thrown inside the lock.



2. What is the purpose of an Operational Concept Document and what does it contain?  List common diagrams one would be likely to encounter in the document, in the order they are likely to occur.

The primary goal of an OCD is to assess feasibility of a proposed software system.  It does this by exploring the way users and/or existing software components will interact with the system, by laying out a suitable set of partitions of the system into modules, by describing the responsibilities and interactions of these modules, and by exploring critical issues that you expect to affect development of the system.  So, your obligations for the preparation of the OCD are to discuss Goals, uses, tasks, partitions, events, interactions, views, possibly performance, and critical issues.

You will almost certainly use a module or package diagram and activity diagrams to describe the proposed functioning of the system.  You might precede those with a context diagram and occasionally follow them with class, event-trace (also known as sequence) diagrams, and possibly data-structure and state diagrams.  Note that this ordering proceeds from the most abstract to the most concrete.



3. Describe the C# object model.  What restrictions does the model enforce on the placement of objects in memory?  Please distinguish between value and reference types as you answer this question.

C# has a shallow reference object model.  That is, all reference types, e.g., types defined by classes, are required to instantiate objects on the managed heap, only.  These objects are accessed through the use of references.  Assignment of one reference to another results in two references pointing to the same managed object.  For this reason, garbage collection is an essential part of this object model.  Note that the convenience of this model comes at the cost of object identity.

Value types, e.g., primitive types defined by the language, enumerations, and structures, are all created in stack memory, within the scope of the defining function.  Value types have the usual assignment and copy semantics, e.g., identity is preserved.
4. What role does the object class play in the .Net Framework Class Library?  How does this class help support reflection and thread synchronization?  Documentation for the object class is attached at the end of this examination package.
 
First, the object class is the root of the hierarchical tree of classes that make up the FCL.  Every reference type derives directly or indirectly from the object class, even though we do not explicitly specify that inheritance when writing classes.  The object class has a number of methods that provide generic support for manipulating objects within the context of managed code.  

For example, object provides the method, Type t = obj.getType(); that returns a type object filled with information about the type of the target obj.  This information is extracted from metadata in the assembly that defines the type of obj., e.g., reflection.  

The object type also contains a reference to a sync block that is used to lock the object with the lock(object) { … }; and Monitor construct.   The sync block holds a synchronization primitive, probably a critical section.
5. Given a C# class, X, that declares a non-static function with signature void f(string s), and another function void c(), write code to call X.f(“some string”) on a dedicated thread, so that the caller returns immediately.  Your code must also direct the child thread to callback on the function c() when it completes its f(s) task.

See code example MTF05A5.


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.  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.  Application domains serve to isolate applications.  An application running in one application domain can not hold direct references to instances of types defined in another 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.  

The child domain provides an environment in which to load assemblies, inquire if they have a type derived from ITest, and if so, run their bool test() methods.
  
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 UML diagram that describes the processing used by your Code Generator in Project #2.
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CodeGen reads the user informantion from an XML file, and creates a form to accept user specifications for the code to generate.

When the user has completed this (brief) task, the appropriate code template is read and is then parsed and processed to generate the requested code.  It then pulls up an edit form for the user to inspect the generated code and modify if desired.  

Independent of code generation, after reading the Code Template, CodeGen reads the appropriate project template, parses and transforms it, based on information supplied in the main form.

Finally, the user may elect to save the generated project and source code.
8. 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 parse the message into its idividual parts.

See MTF05A8.cs



9. 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 the sockets 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 sockets. 

Sockets provides a listen mode and an TcpListener.AcceptSocket(…) function that is used to wait for client requests to connect.  The AcceptSocket(…) function blocks until a request arrives at which time it returns a socket that the listening thread can use to process the request or hand off to a thread it creates to enable the child thread to handle that specific client.  The listener then goes back to listening for incoming requests to connect.

Since the server will be processing client messages in arrival order, the listener may just post them to a queue and go back to listening, or create a child thread providing a threadProc function that simply posts the message into the queue and then returns, killing the thread.  Only the former method will guarantee messages processed in arrival order, although one would expect that the second approach will have a high probability of posting messages to the queue in arrival order.

Clearly the listen should run on a different thread than that which services the server queue’s messages, since the listener will often be blocked while the server processes client messages.



[image: image2.emf]Listener Message Processing




Note that the queue needs to be available to enqueuers and dequeuers.  One way to accomplish that is to make the queue a static member of a wrapper class.  Now, any part of the server can declare a wrapper and get access to the same static queue.

10. Suppose your application has two threads that need to share an integer value.  Show how they can do that safely.  Please write code that creates a child thread and safely shares an integer value, where the parent thread repeatedly modifies the value of the shared integer and the child thread reads and reports the modifications.

See MTF05A10.cs


11. Cite as many reasons as you can for using queues in a software system.

Queues allow two threads to exchange messages or objects with a rendevouz, e.g., no handoff is needed.  

Queues help a receiver handle messages from a bursty sender, where the sending rate may, during peak times, be greater than the receiver’s message processing rate.

Queues support reliable communication over unreliable channels by having the sender store message in an output queue, which simply grows when the channel is down, and sends its messages in a burst when the channel comes back up.

If we use the queue for message passing communication, then PostMessage(string s) and GetMessage() provide a “universal” interface for what can be a very reusable communication component.

Finally, a server queue can be used to serialize requests for service, to allow server access to resources that may be needed to service requests from multiple clients, without need for locking.
� The ellipsis, …, indicates code that you do not need to discuss an answer to this question.
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