CSE687 Object Oriented Design
Midterm #1                
  Spring 2012

CSE687 Midterm #1

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. Describe the things that your code must have to correctly support polymorphism
.  Please enumerate and describe the things your code must not do to correctly implement polymorphic behavior.

Answer:

The code must provide an inheritance Hierarchy with:

a. base class with a virtual destructor
b. one or more virtual functions in the base class

c. one or more derived classes that redefine one or more of the base virtual functions

d. a client that uses a derived class instance bound to a base pointer or reference


The code must not:

e. Overload a non-virtual base function in a derived class

f. Overload any virtual function

g. Override a non-virtual function provided in a base class

h. Provide default parameters in the declaration of a derived function
2. Given the following code:

  class logger : public std::string {
    public:
      …
    private:
      const char* pTitle;
  };

Write code for assignment operators and destructors for the logger class when that makes sense.  If it doesn’t make sense to do that, discuss why it does not.  You may assume that all of the data members of each class have been shown to you, above.  The ellipsis … indicates code that is not disclosed to you.  Are there any things you need to be wary of using this class?

Answer:

std::string does not provide a virtual destructor so you should not create an instance of the logger class on the heap bound to a std::string pointer (unlikely that you would do that).

class logger : public std::string

{

public:

  logger(const std::string& title)

  {

    char* pTemp = new char[title.size() + 1];

    for(size_t i=0; i<=title.size(); ++i)

      pTemp[i] = title[i];

    pTitle = pTemp;

  }

  ~logger() { delete[] pTitle; }

  logger& operator=(const logger& l)

  {

    if(this == &l) return *this;

    static_cast<std::string&>(*this) = l;  // assign base part
    size_t len = strlen(l.pTitle);

    char* pTemp = new char[len + 1];

    for(size_t i=0; i<=len; ++i)

      pTemp[i] = l.pTitle[i];
    delete[] pTitle;
    pTitle = pTemp;

    return *this;

  }

  std::string title()

  {

    return std::string(pTitle);

  }

private:
  logger(const logger&);  // not required by questions
  const char* pTitle;     // contents are const, address is not
};
3. Does OCP apply to any parts of your implementation of Project #1
?  If so, discuss why it applies.  If not, why not?

Answer:

The TestGenerator and Logger are intended to be extended, when their default operations do not provide functionality needed to supply test inputs and write test logs.  Also, the Nav class provides a hook base class for application code to extend in order to support the application’s operations during search for files and directories.  ITest, with its factory method, is a hook that test developers must extend to provide test code.

So, yes, the implementation of Project #1 supports the Open-Closed Principle when it provides test code, data generator, and logger for testing Tokenizer.  It probably does not apply to the test generator wizard unless you used Nav.

4. Write all the code that defines a circular buffer which is defined to store all the elements added to it up to a specified N
.  After that it stores only the latest N items.  Provide an iterator that iterates over the buffer starting from the latest element back to the oldest.

Answer:
template <typename T>

class CircularBuffer

{

public:

  typename typedef std::list<T>::iterator iterator;

  CircularBuffer(size_t N) : _N(N) {}

  iterator begin() { return buffer.begin(); }

  iterator end() { return buffer.end(); }

  size_t size() { return buffer.size(); }

  void add(const T& t)

  {

    buffer.push_front(t);

    if(buffer.size() > _N)

      buffer.pop_back();

  }
  // compiler generated destructor, assignment,
  // and copy are correct
private:

  size_t _N;

  std::list<T> buffer;

};

5. Draw a class diagram for your design of Project #2.  

Answer:

Test executive, which may not be a class, creates and owns Graph, GraphBuilder, Functor, Display, TestSequenceBuilder, and DependencyAnalyzer.  GraphBuilder provides XML interpretation for the global Graph reader function.  

One could argue that the TestSequenceBuilder functionality could be implemented with functions instead of classes.  Either way is correct.  You might consider making each of these classes as functors that TestSequenceBuilder used while traversing the graph.
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6. Describe the syntax used when designing a base class to provide functions that are invariant over all derived classes, functions that may vary over the derived classes and functions that must be provided by derived classes.

Answer:

The base class provides:

a. Non-virtual member functions for invariant operations, e.g., no virtual qualifier.

b. Virtual member functions for operations that may vary over the hierarchy.  Each of these must be qualified with the virtual keyword.

c. Pure virtual member functions for operations that must be defined by the derived classes.  These functions have a virtual qualifier and the symbols =0 following the function’s closing parenthesis.

7. Assuming you are designing a container of some type, how would you allow users of your container to execute some operation on the elements of the container without requiring them to access individual elements?  How can you provide specific operations for the users to apply to your container with a single line of code.

Answer:

You provide a traversal function that visits each element and passes the element to a functor for processing.  The functor must be passed to the traversal function when it is invoked.

The single line of code is simply:

 

c.traverse(aFunctor);

where c is an instance of the container, traverse is a member function of the container that will probably accept an argument typed as a functor interface.  See MT1Q7 for example code.


� Here, we refer to run-time polymorphism not compile-time polymorphism implemented with templates.


� The Project #1 statement is attached at the end of this exam package.


� You are allowed to use an STL container for the underlying storage.
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