CSE687 Object Oriented Design
Midterm#3                
Spring 2004


Midterm #3 – Instructor’s Solution
Name:_________________________________  SUID:____________________

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 a declaration for a class that represents a matrix of any specified numeric type.  A matrix is a rectangular structure of rows and columns with each datum belonging to one row and one column.  Evidently one would only want to store each datum once.

template <typename T>

class Row

{

public:

  Row(int i=1);
  resize(int i);
    // compiler defined copy, assignment, destruction are correct
  T& operator[](int i);

  T operator[](int i) const;
  row<T> operator+=(const row<T>& r);
  row<T> operator+(const row<T>& r);
    // other numeric operations
private:

  int _NumRows;

  std::vector<T> _rowData;

};

template <typename T>

class Matrix

{

public:

  Matrix(int i=1, int j=1);
  resize(int i, int j);
    // compiler defined copy, assignment, and destruction are correct
  Row<T>& operator[](int i);

  Row<T> operator[](int i) const;
  Matrix<T> operator+=(const Matrix<T>& m);
  Matrix<T> operator+(const Matrix<T>& m);
    // other numeric operations
  int rows();

  int cols();

  std::string show();

private:

  int _NumRows, _NumCols;

  std::vector< Row<T> > _matrixData;

};

2. Sketch a UML class diagram that represents your design of a network-based action item display.  That is, the program supports the definition and display of a brief text message describing an action or work that needs to be performed, along with the name a person the item is assigned to, its creation date, and its closure date.  You don’t need to know anything about network programming or windows programming for this.  Just focus on the design aspects of the question.
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3. Write all the code for a class providing instances that:
a. Open a stream on a specified output file that remains open for the duration of the program.

b. Write a user specified message to the output file when constructed.

c. Write a name and value of any C++ data type to the file using stream notation.


class PersistStream

{

public:

  PersistStream();

  PersistStream(const std::string& filename, const std::string& msg);

  ~PersistStream();

  template <typename T>

  PersistStream& operator<<(const T& t);

private:

  static std::ofstream out;   // static satisfies a.
};

std::ofstream PersistStream::out;

PersistStream::PersistStream()

{

  if(!out.good())

    throw exception("\n  stream not attached to file\n\n");

}

PersistStream::PersistStream(



// satisfies b.
  const std::string& filename, const std::string &msg)

{

  out.open(filename.c_str());

  if(!out.good())

    throw exception("\n  can't open file");

  out << msg;

}

PersistStream::~PersistStream()

{

  // don't close stream out, since it is static;

}

template <typename T>

PersistStream& PersistStream::operator<<(const T& t)   // satisfies c.
{

  out << t; 

  return *this;

}

Now, in main you can do this:

    ps << "\n  A line from main";

      ps << "\n  a double from main: " << 3.1415927 << "\n\n";

4. You are given the definitions, assumed to compile and run correctly:

   class X : public Y { … };
X x = X().myfun() = 3.1415927;

where the ellipsis indicates code not disclosed to you.  What can you say about the classes and the invocation?

The right most = symbol results in an assignment, either to double returned from myfun() (assign double) or to a type that has a promotion from a double (construct temp and assign) or assignment from a double (directly assign) returned from myfun().

The left most = symbol results in a construction ONLY!  Which constructor depends on what myfun() returns.  If it returns an X then a copy construction results, otherwise a promotion construction from the type returned.

If X declares any constructors then it must explicitly define a default constructor for the statement in the middle to compile.  The function X::myfun() must return a reference to a float or double or a reference to a type that has a promotion constructor or assignment accepting a double.

a. First case - myfun() returns a reference to a double:
The invocation creates a temporary X object with X(), which calls Y() as part of its processing.   Then, myfun() is called on that temporary and 3.1415927 is used to initialize the reference returned by myfun().  The resulting double is used by a promotion constructor to initialize x.  This X constructor will call a Y constructor, as part of its processing.  We can’t say which without seeing the definition of the X promotion.  Finally, the destructor, ~X() is called to destroy the temporary which calls ~Y().


b. Second case – myfun returns a reference to a type that has a promotion constructor accepting a double:
We will provide X with a double promotion and return X& from myfun().  Now things get interesting.  The compiler sees the miss-match between the X& returned by myfun() in the middle and 3.1415927 on the right, so it calls X::X(double) to create a temporary on the right, then calls X() and Y() to create the temporary in the middle and then myfun(), resulting in an X in the middle.  It then calls X::operator= and Y::operator= to assign the temporary on the right to the temporary in the middle.  Finally, copy constructors, X(const X&) and Y(const Y&) are called to initialize x.

Third case – myfun returns a reference to a type that has an assignment taking a double:
Now there is no need for a temporary X on the right.  The assignment taking a double is called to initialize the X reference in the middle.  Otherwise the same.

On the next page you will find a screen shot showing the results of running each case of this code with announciators.
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5. Given the class declaration:

class X : public Y { … };

What can you say about the global function declarations on the left?  What will happen when they are each compiled or invoked as shown on the right?

 
myFun1(Y y);


myFun1(X());
 
myFun2(Y& y);


myFun2(X());
 
myFun3(const Y& y);

myFun3(X());


The global function myFun1 passes a Y object by value.  Its invocation, myFun1(X()), creates a temporary X instance using X() and Y(), slices that with the Y copy ctor and uses the sliced object in the body of the function.  ~X() and ~Y() are called to destroy temporary.

The function myFun2 passes a Y object by reference.  The expression myFun2(X()) creates a non-const temporary x using X() and Y(), that initializes a Y reference.  That is used polymorphically.  Any changes to the referred to temporary are lost as it will be destroyed with ~X() and ~Y() when the function call completes.

Since the function myFun3 passes a const Y reference, the compiler creates the temporary and passes the base Y reference attached to the derived X temporary instance, as discussed above.  The function body will treat argument polymorphically but will not execute any non-const members of Y. 

6. State the Dependency Inversion Principle.  How do you implement designs based on this principle?  Should we use it in the design of Project #2?  If so how?  If not, why not?

High level components should not depend upon low level components.  Instead, both should depend on abstractions.

In order to avoid binding to implementations you need to build components that provide interfaces and object factories.  The higher level components use the interface (abstraction) and class factory to avoid the need to include concrete class declarations for the servers they use.  You can do directly in C++ using abstract base classes for interfaces and object factories as discussed in class.  You can also achieve this using COM, the Microsoft Component Object Model, or use Java or .Net classes which, because of their shallow object model carry no implementation detail.

Project #2 is a fairly small project, so use of the Dependency Inversion Principle is not crucial here.  However, building the tokenizer, semi-expression analyzer, grammar, and scanner with interfaces and providing them with factory functions would make it easier to implement the DIP for larger applications that use these pieces.

7. How would you design a set of derived classes so that users can create copies of an instance referenced by a base class pointer without knowing to which derived class it belongs?

Declare a virtual clone function in the base class and implement in each derived class.  Then a user makes a copy of any object by calling clone, and need not know the concrete object type since the base class protocol provides a means to make the copy.  Here is some code that does that:

template <typename T>

class cloner

{

public:

  virtual ~cloner() {}

  virtual T* clone() const=0;

};

class base : public cloner<base>

{

public:

  base(const std::string& msg) : _msg(msg) {}

  virtual ~base() {}

  virtual void say()=0;

protected:

  std::string _msg;

};

class derived1 : public base

{

public:

  derived1(const std::string& msg) : base(msg) {}

  base* clone() const { return new derived1(*this); }

  void say() { std::cout << "\n  derived1: " << _msg; } 

};

class derived2 : public base

{

public:

  derived2(const std::string& msg) : base(msg) {}

  base* clone() const { return new derived2(*this); }

  void say() { std::cout << "\n  derived2: " << _msg; } 

};

8. Given the class declarations:

class A 
{ 
   public: virtual void mf1(int); virtual int mf2(); void mf3(); … 
};

class B : public A 
{
   public: int mf2(); virtual void mf4(); …
};

Describe or Draw a sketch showing the vtables and code spaces for A and B.  How would you attempt to access mf4, using a pointer typed as A*?
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Access B::mf4 using a dynamic cast:

   B b;  A* pA = &b;
   if(dynamic_cast<B*>(pA))
      dynamic_cast<B*>(pA)->mf4();



9. Given the class declarations:

class A 
{ 
   public:  …
   private:
      std::string s; 
};

class B : public A 
{
   public: …
   private:
      std::vector<int>* pV;
};

Write the C++ code for an assignment operator for the class B.

B& B::operator =(const B& b)
{

  if(this != &b)

  {

    (A&)*this = b;

    delete pV;
  pV = new std::vector<int>(*(b.pV));

  // this works too 
  //   pV = new std::vector<int>();

  //   for(unsigned int i=0; i<b.pV->size(); ++i)

  //     pV->push_back((*b.pV)[i]);

  }

  return *this;

}

10. Describe two ways to implement deferred binding.



a. Use polymorphism by binding a derived class to a base pointer or reference at run-time.


b. Use templates in a library that allow an application designer to define types to be used as template parameters when the application is built.

Here are more ways:

c. Use function pointer to bind caller to a function specified at run-time.


d. Use new to bind to an object at run-time.


e. Use object factory to bind caller to some derived object that will be used through base reference or pointer (really just a special case of a and d).

� EMBED Visio.Drawing.11  ���
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