CSE687 Object Oriented Design
Midterm #3                
Spring 2005

Midterm #3
Name:______Instructor’s Solution______________
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. Write all the code for a class that provides serialize functions, used by clients to save instances of a derived class in a file or send over a socket connection.  The class establishes a contract to provide two functions:

 

void serialize (std::osteam&);
 

someType unserialize(std::istream&);

Ensure that any class that derives from this class must implement these functions
.  Write all the code for a class that uses this and behaves like a std::string that can save itself to a specified stream. 

 

See Exam#3 – Q#1, attached
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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 vtables and how virtual functions are dispatched.



3. Given the class declaration:

class X : public Y { … };

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

X fun(X x) { … }
   :
X x;
Y y = fun(x);

The statement X x; will compile only if X defines a default constructor or declares no constructors.  In that case the compiler will generate one.  As its first action it calls Y’s default constructor, if one exists (same conditions).  Otherwise, compilation of both that statement and the last statement fail.

If the function compiles, then the object x is passed by value to the function.  Since fun expects a derived object passed by value, the X copy constructor will be called to create a copy of x on fun’s stack frame, which, as its first act calls Y’s copy constructor.  If either one is not defined, then the compiler will generate, which may or may not be correct, depending on the structure of the state of X.  The only way this will fail to compile is if X declares its copy constructor private or protected or Y declares its copy constructor to be private.  

The function then returns a copy of an X object by value (we can’t tell how this is constructed) using X’s copy constructor and, in turn Y’s copy constructor.  This copy is used to construct y, using Y’s copy constructor.  As before, if one does not exist, then the compiler will generate one.  This results in slicing the returned X instance to the base instance y.  If no Y copy constructor is declared, then the compiler will generate one.  The only way this last operation could fail is if Y declares its copy constructor private or protected.

4. Provide a class declaration that represents your design of one part of an inter-process communication facility.  Your part is a sender that is required to behave like an output stream.  Further, you are required to support a way of identifying the receiving process.  This first paragraph is all you need to provide the class declaration.

Your goal is to use the underlying stream’s functionality to accept stream inputs into its streambuf.  You then send that buffer to the destination using some underlying operating system lower level transport, which is not part of this question.  Can you think of a reason why you might want to redefine the stream’s insertion operator and put functions?  How can you make that easily work for any type you could send to cout?


 

See Exam#3 – Q#4, attached
5. Show how you would declare a function pointer for functions like that shown below.

 

Y fun(const X& x);

where X and Y are previously defined classes.  Write code for a class that accepts an instance of this declaration and invokes it.  Can you make this work for any function that accepts a single argument where the types of return and argument are specified by using code?  Can you think of a way to generalize this to a function with an unspecified number of arguments?  For this last question you are not required to write any code, just suggest a way to do that in a couple of sentences.

 

See Exam#3 – Q#5, attached
6. State the Liskov Substitution Principle.  How did it (or should it) apply to your design for Project #1?


Functions that use pointers or references statically typed to some base class must be able to use objects of classes derived from the base through those pointers or references without any knowledge specialized to the derived classes.

In order to satisfy the Liskov Substitution Principle a class must:

a. provide a virtual destructor

b. provide virtual functions for functions that are not invariant over the derivation hierarchy.

c. not redefine non-virtual functions.

d. not overload virtual functions or functions not in the same class scope.

e. not use default parameters for virtual functions.

f. Clients must not use dynamic_cast to access derived class specific operations.


Project #1 uses a base defProc class in the Nav module to derive application specific classes for grammar analysis.  The nav class uses them through a base class reference registered during construction.  Thus nav is ignorant of the application details that comprise the derived classes, but still successfully uses them in concert with the Liskov Substitution Principle.

7. What is hiding?  Be as specific and complete as you can.

Hiding occurs when a non-virtual base class function is redefined in a derived class or when any base class function is overloaded in a derived class.  Hiding makes specific base class functions unavailable to clients of derived classes, violating the Liskov Substitution Principle.
8. You are asked to draw a UML class diagram that represents your design for a File System Analyzer.  The analyzer finds the direct and indirect dependencies between files matching some file pattern on a specified directory sub-tree.  Be as complete and explicit as you can
.  Describe all the types of class relationships illustrated by the diagram.


Using relationships are shown by dotted lines with arrow heads pointing to the used type.  Composition relationships are shown by solid lines with filled in diamonds attached to the composer, drawn to the composee.  Inheritance relationships are shown by triangles attached to the base class and lines drawn to the derived class.  Note that many of the composition relationships could be implemented, instead, with aggregations, shown by lines with hollow diamonds.
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9. What does the keyword static mean?  Please be sure that you describe all meanings supported by the standard C++ language.  Be as precise and complete as you can.


The keyword static has four meanings:

a. When applied to global data or as a qualifier for the return value of a global function it means that the data or function are not visible outside the file in which they are defined.  In this case, static reduces the scope of visibility.

b. When applied to local data defined in some function, static means that the valid life time of the data is extended from the time the thread of execution spends in the function after declaration to the life time of the program.  In this case, static extends the life time of the data item.

c. When applied to a data member of some class, it means that the data is shared by every instance of that class.

d. When qualifying the signature of a member function of the class it means that the function may be called using the name of the class in place of the name of an object of the class.  It also means that the data may not access non-static data of the class.


10. Given the class declarations:

Write the C++ code to serialize the std::vector, below, to a stream.  Show how to use that code to send the state of the vector to a file.

 

std::vector< std::string> fileDeps;


 

See Exam#3 – Q#10, attached.


� EMBED Visio.Drawing.11  ���








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


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