CSE687 Object Oriented Design
Midterm #2                
Spring 2005

Midterm #2
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 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.

1. State the Open/Closed Principle.  How did it (or should it) apply to your design for Project #1?

Classes should be closed for modification but open for extension.  Translation: 

When designing a module provide hooks for extension, e.g., base classes that application designers can derive from or template functions and classes that applications can instantiate for their own types or specific types they want to use for the application.

Try not to modify classes that you want to reuse.  Make new code as new classes and global functions, using, but not modifying existing classes or global functions.

No one suggests that ALL code should satisfy the Open/Closed Principle.  But most code you reuse should.

The Nav module provides a base class hook, defProc, that supports providing applications file names and directory paths as they are encountered while navigating a directory sub-tree.  You use defProc’s virtual functions to define the way you want your application to respond to those events.

In CppToker and CppSemiExp we use template policies to define filtering appropriate for specific applications.

2. What is a functor?  How would you use an instance of a functor to provide the abstract operation class for graphs required in Project #2
?  How will you make this work for any VertexType and EdgeType.

A functor is a function object, that is, a class that implements operator().

To use a functor for the graph class, accept, in the DFS function a reference to a base op class that provides a pure virtual operator(), and templatise class on the VertexType and EdgeType classes.  Then simply derive a class from op for each type of application operation you want to perform, providing specific processing in override of operator().

  

See the handout for Exam#2 – Q#2.


3. Draw a diagram that illustrates how base and derived classes use their virtual function pointer tables to support polymorphic binding.  Show how instances access their vtable and how virtual functions are dispatched.
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4. What is overriding.  Be as specific and complete as you can.

Overriding is the redefinition of a base class virtual function in one or more of its derived classes.

Overriding requires the redefinition to use exactly the same function identifier and formal parameter types.  Return values must also match with the following exception.  When a base class virtual function returns a pointer or reference to the base type, then a derived class override may return a pointer or reference to the derived type.  These are call covariant return types.

It is through overriding that we enable (run-time) dynamic binding.  A base class pointer or reference bound to either a base or derived type, when used to invoke a virtual function, will bind to the function of the referred type.



5. Given the class declarations:

class A 
{ 
   public:  …
   private:
      std::string s; 
};

class B : public A 
{
   public: …
   private:
      std::map< std::string, std::list<std::string> >* pM;
};

Write the C++ code for an assignment operator for the class B.  Write a declaration that invokes the assignment you have just provided.


  

See handout for Exam#2 – Q#5


6. What does the keyword virtual mean?  Please be sure that you describe all meanings supported by the standard C++ language.  Be as precise and complete as you can.

There are two meanings for the keyword virtual:

When applied as a qualifier of a member function of some class, it means that the class will have a virtual function pointer table with an entry for the qualified function.  This enables run-time binding of invocations of the qualified function to an appropriate base or derived class.

When applied as a qualifier of a base class in a derived class declaration, it means that instances of this derived class will support sharing of the qualified base part with instances of other classes that make the same qualification with the same base.


7. Write all the code for a class that provides a factory function, used by clients to create instances of a derived class.  The class also establishes a contract to provide two functions:

 

std::string head(unsigned int pos);
 

std::string tail(unsigned int pos);

Ensure that any class that derives from this class must implement these functions
.  Write all the code for a class that uses this to behave like a std::string that can return the front or back part of the string with the head and tail functions.


 

See handout for Exam#2 – Q#7

8. Given the class declaration:

class X : public Y { … };

Provide as much information as you can about what happens when the second statement below is compiled, and, if successful, executes.  Note that the ellipsis in the body of the Y class represents code that exists, but is not disclosed to you.

X x1;
X x[4] = { 1, X(), x1 }; 

The first statement will compile only if X and Y provide  constructors with no arguments or declare no constructors, in which case the compiler will generate default constructors.

If the first statement compiles successfully, then the second will compile only if X possesses a constructor that accepts an integer or a primitive type that is implicitly converted to an integer.  That is needed for the first element of the x array.  The second element is generated by the default constructor which we know to exist if the first statement compiled successfully.  The third statement implies a copy construction of the third element of the array from x1.  The compiler will always generate a copy constructor if none is defined by the class.  The fourth element of the array is also generated by a default construction, since there is no initialization provided in the list of the second statement.  These statements assume that  a copy constructor Y is not declared private, and that a copy constructor for X is not declared private or protected.

When the second statement is executed, memory is allocated for the array and the X promotion constructor is called to promote 1 to x[0].  It calls some (unknown) constructor of Y as its first action.  Then, the default constructor for X is called and calls, as its first action, the default constructor of Y, so x[1] is initialized.  Next, the copy constructor for X is called which, as its first action, calls a constructor for Y (hopefully the copy constructor).  This makes a copy of x1 for x[2].  Finally, the default constructors for X and Y are called to initialize x[3].


9. Software agents are task-oriented, mobile processing units that are activated by a user, but then operate autonomously, reporting back periodically on the progress of their tasks.  You are asked to draw a UML class diagram that represents your design for a software agent that is activated on a remote machine and examines a directory tree, rooted at a specified path.  The task of this file-watcher agent is to report back any files that have changed since the watcher was activated.  Be as complete and explicit as you can
.  Describe all the types of class relationships illustrated by the diagram.
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10. Provide a class declaration that represents your design of a circular buffer class.  A circular buffer contains the last N values pushed in.  That is, if you push in 100 values, it will keep the last N, where N is determined when you construct the buffer.  You will want to think about how to implement that in order to choose the right internal STL container to make the implementation simple.


 

See class handout Exam#2 – Q#10
� EMBED Visio.Drawing.11  ���











� The Project #2 statement is appended to this examination packet.


� You may need additional qualifications, not shown, to do that.


� See the Project #4b project statement, attached at the end of this packet.
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