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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. What is meant by the term overloading in the C++ programming language?  Are there any restrictions on how you use overloading when writing C++ programs?

Answer:

Overloading correctly applies to global functions and non-virtual member functions in the same class scope.  A function is an overload if it uses the same identifier as an existing function with a different sequence of parameter types and const qualifier.

C++ manages overloaded functions by using name mangling.  That is, it stores in its symbol table the function identifier concatenated with the sequence of parameter types, or some equivalent notation.  So overloaded functions are simply functions with different mangled names.

You must avoid overloading across class scopes, e.g., don’t attempt to overload a base class function in a class that derives from that base.  Also avoid overloading virtual functions.  Either of these will cause hiding of base class member functions.




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

   class X { … private: std::string* pStr; };

   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 return an X or something that can be converted to an X, so that must be constructed inside the function.  When the second statement executes a constructor for X is called that accepts the return value.  That could either be a copy constructor or a promotion constructor, depending on the return type of someFunction().

If someFunction() returns something other than an X instance and X does not provide an appropriate promotion constructor, then the second statement will fail to compile.


Otherwise, X must provide a constructor that correctly accepts whatever someFunction() returns.  If the function returns an X and a compiler generated copy constructor is correct for X then it need provide nothing.


3. Provide a statement of the Liskov Substitution Principle (LSP).  How do you write C++ code to use LSP?  What must you avoid to use LSP correctly?

Answer:

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.

Liskov Substitution is the principle on which polymorphism is based.  To support LSP you must provide a base class to define a protocol for client use, and a set of derived classes which get bound to a client pointer statically typed as a pointer to the base.

To use LSP correctly you must:

· Provide a virtual destructor for the base class

· Override only virtual functions of the base class

· Avoid overloading base member functions in all derived classes

· Avoid requiring stronger contracts for inputs to virtual functions

· Avoid allowing weaker contracts for results of virtual functions
4. Describe two ways of building 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:

Loosely coupled systems are created using dynamic polymorphic binding or using template classes.  For example, in Project #1, you used the Parser class that held IRule references to rule classes that derived from IRule.  Thus, the parser could invoke matching operations on all its rules without knowing their concrete classes.  Furthermore, each rule held IAction references to one or more action classes that derive from IAction so neither the Parser nor the rules need to know about the concrete action classes.

The HashTable package, we discussed in class, uses key, value, and hashfunction template parameters that allow us to design its functionality without binding to specific key or value types and to supply whatever hashing algorithms are appropriate for our application, without making any changes to the HashTable class itself.  So the HashTable is useful for a large variety of key and value types, as needed by our specific applications.

Notice that polymorphism, in the Parser example, allows us to build clients of the Parser to be independent of the rule and action specifics.  Templates usually allow us to build libraries that are independent of the application specifics.
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;

typedef void(X::*pM)(std::string);

class X

{

public:

  void say(std::string s)

  {

    std::cout << "\n  X::say displaying its input string:\n  " << s << "\n";

  }

};

void AcceptPointerToMember(pM pXmem, X& x)

{

  (x.*pXmem)("passed to function pointer inside global function");

}

int main()

{

  X x;

  pM pSay = &X::say;

  (x.*pSay)("passed to function pointer");


  AcceptPointerToMember(pSay, x);

  std::cout << "\n";

}

6. Write two traits for a class that represents fixed C++ arrays of an unspecified type, one that deals with the type of the instances held in the array and another that supports accessing each element of the array.

Answer:
template <typename T, int Size> class Array {

public:

  typedef T value_type;

  typedef T* iterator;

  Array() : pArray(new T[Size]) {}

  Array(T* pT) : pArray(new T[Size])

  {

    for(int i=0; i<Size; ++i)

      *(pArray + i) = *(pT + i);

  }

  T& operator[](int n)

  {

    if(n<0 || Size<=n) throw std::exception("index out of range");

    return *(pArray+n);

  }

  T operator[](int n) const
  {

    if(n<0 || Size<=n) throw std::exception("index out of range");

    return *(pArray+n);

  }

  iterator begin() { return pArray; }

  iterator end() { return (pArray + Size); }

private:
  Array(const Array<T,Size>&);  // can implement later
  Array<T,Size>& operator=(const Array<T,Size>&) // ditto
  T* pArray;

};

template <typename Cont>

typename Cont::value_type sum(Cont& c)

{

  Cont::iterator iter;

  Cont::value_type sum_ = Cont::value_type();

  for(iter = c.begin(); iter != c.end(); ++iter)

    sum_ += *iter;

  return sum_;

}

int main()

{

  double temp1[] = { 0, 0.5, 1.0, 1.5, 2.0 };

  Array<double, 5> arr1(temp1);

  display(arr1);

  std::cout << "\n  sum = " << sum(arr1) << "\n";

  int temp2[] = { 1, 2, 3, 4, 5 };

  Array<int,5> arr2(temp2);

  display(arr2);

  std::cout << "\n  sum = " << sum(arr2) << "\n\n";

}

7. Describe how you write code in a C++ library to bind to application specific code unknown to you as the library designer?  Please describe both compile time binding and run time binding mechanisms.

Answer:

A C++ library can bind to application specific code at compile time by providing template functions and classes that accept template parameters that define application specific processing.  The HashTable class provides template parameters for keys, values, and hashing functions, all of which depend on the specifics of an application that uses the HashTable.

A C++ library can bind to application specific code at run time by providing a base “hook” class for applications to derive from.  An example of this is the navig class that provides the defProc hook for applications to use for derived classes that implement what the application needs when a new directory or file is discovered.

