CSE687 Object Oriented Design
Midterm #2                
  Spring 2011

CSE687 Midterm #2
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 functor that will write the value of some unspecified type to std::cout.  Also write code for a function that accepts starting and ending iterators and your functor to display the contents of the target of the iterators
.  Show how you would use that to display the contents of a C++ array.

Answer:

template <typename T>

class functor {

public:

  functor(const std::string& prefix) : _suffix(prefix) {}

  void operator()(T t) { std::cout << t << _suffix; }

private:

  std::string _suffix;

};

template <typename T, typename U>  // need to wrap array in cont. with iters
void display1(typename T::iterator ibegin, typename T::iterator iend, functor<U>& f)

{

  std::cout << "\n  ";

  for(T::iterator iter = ibegin; iter != iend; ++iter)

    f(*iter);

  std::cout << "\n";

}

template <typename U>  // close, but doesn’t quite satisfy requirements
void display2(int* ibegin, int* iend, functor<U>& f)

{

  std::cout << "\n  ";

  for(int* iter = ibegin; iter != iend; ++iter)

    f(*iter);

  std::cout << "\n";

}

template <typename Iter, typename U>  // fully satisfies requirements, accepts array
void display3(Iter ibegin, Iter iend, functor<U>& f)

{

  std::cout << "\n  ";

  for(Iter it = ibegin; it != iend; ++it)

    f(*it);

  std::cout << "\n";

}

int main()

{

  int target[] = { 1, 2, 1, -1, -2 };

  std::vector<int> myVec(&target[0], &target[5]);

  functor<int> myFunctor(", ");

  display1< std::vector<int> >(myVec.begin(), myVec.end(), myFunctor);

  display2<int>(&target[0], &target[5], myFunctor);

  display3<int*, int>(&target[0],&target[5], myFunctor);

  display3<std::vector<int>::iterator, int>(myVec.begin(), myVec.end(), myFunctor);

  std::cout << std::endl;

}

2. Why might you choose to use three levels of inheritance to implement polymorphic operations over a set of derived classes.  What is the purpose of each level?

Answer:

The top level – an interface – provides a protocol for clients to communicate with concrete derived classes.  The second level – an abstract class – supplies code and resources you wish to share among the derived classes.  The bottom level – concrete classes – provide the functionality to carry out client requests.

The purpose of the interface is to allow clients to couple loosely to the functionality they need.  Clients couple to the invariant interface instead of concrete classes that may change often.

The abstract class allows sharing of either class types or, if declared static, of instances of those types.

You choose this three level hierarchy for flexibility and efficiency of implementation – no code or type declarations need to be repeated across the concrete derived classes.




3. Draw a package diagram for your design of Project #1.  

Answer:
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4. Given the following code:

   class B { … : std::string* pStr; };
   class D : public B { … };

Write code for copy constructors and destructors for each of these classes 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.  For example, class D has no data members.  The ellipsis … represents code that has not been disclosed to you.  Is there anything you need to do in the class declarations to make these operations work correctly?

Answer:

You need to make the base B destructor virtual.  You also need to ensure that the pointer pStr is properly initialized so the destructor has a valid pointer or zero to delete.  You should also define a default (void) constructor for B, as the compiler won’t if any other constructor is declared.

class B

{

public:
  // other members elided including assignment


  B(const B& b) : pStr(new std::string(*(b.pStr))) {} 


  virtual ~B() { 

    delete pStr; 

  }

private:

  std::string* pStr;

};

class D : public B

{

public:

  // B has correct copy, assignment, and destruction 
  // semantics so compiler generated operations for D
  // will be correct
};

5. Provide a statement of the Dependency Inversion Principle (DIP).  Does DIP apply to your use of the navig class
 in project #2?  If so, discuss why it applies.  Explain why it is possible to avoid putting any application specific detail in the navig class.

Answer:

High level components should not depend upon low level components.  Instead, both should depend on abstractions.  Abstractions should not depend upon details.  Details should depend upon the abstractions.

DIP almost applies to the navig class.  Navig supplies the base class hook defProc, which supplies a protocol for navig to use when finding files and directories.  However, the defProc base is not abstract.  It provides default operations dirsProc and fileProc, and does not provide an object factory.  However, defProc does shield navig from the need to bind to application specific details for processing files and directories.  Those operations are provided by an application specific class that derives from the defProc hook.

So library code provides navig and defProc, while application specific code creates the navig instance and binds an instance of an application specific class derived from defProc when it constructs the navig instance.
6. Define the term hiding, as it has been used in this course.  How do you avoid hiding when writing C++ programs?

Answer:

Hiding makes member functions inherited from a base class invisible when the derived class is compiled, so invocations will fail to compile.  This is one more way for Liskov Substitution to fail.

Hiding occurs when a derived class overloads a non-virtual base member function (derived class problem:  overloading across class scope) or when a base class overloads a virtual function, overridden by derived class (base class problem: overloading a virtual function). 

You avoid hiding by refraining from the two constructs described in the preceding paragraph.

Overriding non-virtual base class functions in derived class causes problems, but not hiding.  Same is true for using default parameters in virtual functions.


7. What is the purpose of the following code?

  typedef void (X::*pM)(const Widget& w);

Are there any constraints on what can be done in the implementation corresponding to this declaration?

Answer:

The purpose is to provide an alias, pM, for the function pointer type declaration (X::*pM)(const Widget& w);
 
pM is a pointer to any member function of the X class with void return and taking a Widget as a constant reference.


When you implement those members you must honor the contract to return, as a side effect, the same state of w it held on invocation.

You invoke a member function through this pointer like this:

   X x;
   Widget w;  
   x.(*pM)(w);

� The iterator target is simply the object to which the iterator refers.


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