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Midterm #3                
  Spring 2011

CSE687 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. There are two ways hiding occurs in an inheritance hierarchy.  What are they and what symptoms will your code have when hiding is present?

Answer:

Hiding may occur (1) if, in a derived class, you attempt to overload a non-virtual base class method, or (2) if you overload any virtual member function of a base class that will be a overridden in a derived class.

Hiding makes some inherited base methods invisible in the derived class.  That will cause either a silent conversion of the types you pass to match a visible function, or, if no conversions are available to do that, then a compile error occurs.


2. Given the following code, where the ellipsis … represents code not disclosed to you:

   class X : public Y { … private: std::string str; };

   X x = someFunction(void);

What operations certainly occur when the second line of code executes?  Does the code in class X need to provide anything for this to compile, assuming that someFunction code compiles?  Does class X need to provide anything to make the code in the second line correct?

Answer:

The function someFunction() must either construct an instance of X which it returns by value, or some instance of another type that it attempts to return
.  In the first case the compiler will always generate a copy constructor if not provided by X and, assuming that the standard string is the only data member of X and that Y has correct copy semantics, that will be correct.  If someFunction() generates some other type it attempts to return, that will compile only if X provides a promotion constructor for that type or that type provides a cast operation to an X.

The operations that occur are (1) construction of an object in someFunction which it returns
, and (2) constructing x by either a copy construction if the internal object is an X or a promotion construction or cast operation if the internal object is of some other type and those operations are available, else the statement will fail to compile.  Also, (3) the destructor of the object someFunction created will be called as the function returns.
 

3. How do you write C++ code to use the Liskov Substitution Principle?  What must you avoid to use LSP correctly?

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 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 different default parameters in the declaration of base and a derived function

i. Derived class must not make pre-conditions stronger than base’s and must not make post-conditions weaker than base’s, e.g., the derived class must accept every input that the base accepts and must provide all the types of behavior that the base provides

4. How do you build loosely coupled systems.  Please explain in the context of the design of project #1 or examples handed out in class, and present specifics, not generalities.

Answer:

You construct loosely coupled systems by providing interfaces and object factories between the coupled parts.  In Project #1, test driver code provides an ITest interface which contains a static factory method.  The test harness does not need to know anything about the implementation of test driver code.  It only needs to know the invariant interface, so the test harness is loosely coupled with each test library it executes.

Note that templates allow substitution, at compile time, of specific types for template parameters, but the binding relationships are strong unless we use interface types and provide for registration of pointers or references to derived objects.  

For example, if you make changes to the class of a template parameter that may break the template class.  Using interfaces and object factories prevents clients from breaking when changes are made to classes implementing the interfaces.

5. Write the declaration of a function pointer that can point to a member function of the class X that accepts a string and returns void.  Write all the code that defines a global function accepting as one of its parameters a function pointer that satisfies your declaration and uses it to invoke the target function.

Answer:
 

class X

{

public:

  typedef void(X::*fptr)(const std::string&);

  void fun(const std::string& s)

  {

    std::cout << "\n  X::fun displaying \"" << s.c_str() << "\"\n";

  }

};

void globFun(X& x, X::fptr fp, const std::string& s)

{

  (x.*fp)(s);

}

X x;

globFun(x, &X::fun, "a string argument");

6. A matrix is a two dimensional structure that can hold element values in M rows with N columns, where M and N are specified when the matrix is constructed.  Write a complete declaration for a matrix class that has properties we expect of an abstract data type.  Implement a constructor that provides default values for some unspecified type in each element of the matrix and provide indexing to access each element.

Answer:
 

template <typename T>

class Matrix

{

public:

  typedef std::vector<T> row;

  Matrix(size_t M, size_t N);

  row& operator[](size_t i);

  row operator[](size_t i) const;

  size_t rows() const;

  size_t cols() const;

private:

  std::vector<row> _matrix;

  size_t _M, _N;

};

template <typename T>

size_t Matrix<T>::rows() const { return _M; }

template <typename T>

size_t Matrix<T>::cols() const { return _N; }

template<typename T>

Matrix<T>::Matrix(size_t M, size_t N) : _M(M), _N(N)

{

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

  {

    row r;

    for(size_t j=0; j<_N; ++j)

    {

      r.push_back(T());

    }

    _matrix.push_back(r);

  }

}

template<typename T>

typename Matrix<T>::row& Matrix<T>::operator[](size_t i)

{

  return _matrix[i];

}

template<typename T>

typename Matrix<T>::row Matrix<T>::operator[](size_t i) const
{

  return _matrix[i];

}

7. Suppose a function implemented with the C++ language returns an object that did not exist before the function call.  Describe all of the properties you know the object must have.  You are advised to consider both correct and incorrect implementations.

Answer:

Since the object did not exist before the call, the function must create it, either on its stack or on the heap or in static memory.  

If created on the stack, it should be returned by value, which implies that it should have a correct copy constructor which may be supplied by the compiler if all the members and bases of the class of the object have correct copy semantics.  If created on the function’s stack and returned by reference, the reference is invalid as soon as the function completes.

If created on the heap it should be returned by reference
, otherwise there is no point in creating on the heap and there will be no way to deallocate the object so there will be a memory leak.  If returned by reference, the user must eventually deallocate to avoid a memory leak, e.g., delete &returnedObject.

If created in static memory, by qualifying its declaration with static keyword, then a returned reference will continue to be valid.  However, that reference may change the next time the function is called, possibly surprising the client holding the first reference.

� Since no object is passed in, the function must create it (we take for granted that no global data is used).


� someFunction must return its object by value, triggering a copy, promotion, or cast operation, since the internal object will become invalid as soon as the function returns.


� The terms override and redefine, when applied to inheritance hierarchies, are synonyms (mean the same thing).


� I didn’t stress this in class and will not require this part of the answer here.


� The problem statement says the function returns an object, not a pointer to an object.





