CSE687 Object Oriented Design
Midterm #2                
  Spring 2008

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 code for a Node class that owns an instance of an unspecified type and can point to an arbitrary number of other nodes.  Now construct a graph of four nodes on the C++ heap, holding the integer values from 0 to 3, where the first node is the predecessor of the second and third nodes and the third node is the predecessor of the fourth and second nodes.  Note that this does not ask you to create or use a graph class.  Finally write code to walk this graph starting with a pointer to the first node.

Answer:

template <typename T>
class Node
{

public:

  Node(const T& t=0) : t_(t), marked_(false) {};

  T& value() { return t_; }
  bool& marked() { return marked_; }
  Node<T>& add(Node<T>* pNode) { 
    children_.push_back(pNode); return *this; }

  std::vector< Node<T>* >& children() { return children_; }
  // Compiler generated copy and assignment are shallow.
  // That makes sense for a Node class.
private:

  std::vector< Node<T>* > children_;
  T t_;
  bool marked_;
};

template <typename T>
void walkGraph(Node<T>* pNode)
{

  std::cout << "\n  " << pNode->value();
  pNode->marked() = true;

  for(size_t i=0; i<pNode->children().size(); ++i)

  {
    Node<T>* child = pNode->children()[i];
    if(!child->marked())

      walkGraph(child);
  }
}

void main()
{

  Node<int> n0(0);

  Node<int> n1(1);

  Node<int> n2(2);

  Node<int> n3(3);

  n0.add(&n1).add(&n2);
  n2.add(&n1).add(&n3);
  walkGraph(&n0);
  std::cout << "\n\n";

}

2. State the Open / Closed principle (OCP).  How would you apply OCP to support the design of Project #3? 


Answer:

The Open / Closed Principle states that software components should be open for extension, but closed for modification.

Referring to the class diagram, provided as part of the answer to question #5, we extend the Display class’s ability to display contents of particular types through both inheritance-based dynamic binding, and static binding to a template wrapper.  The Display class, in its display() function, uses overridden show() functions for wrapped types that inherit from IDemo.  This supports displaying types that need new syntax to access container values.  The wrapper type uses a template parameter to allow extending display behavior to new types that can use the same show() code, simply by using the new type name as the template parameter. 

Note that, in the discussion above, I am modifying the serialization/deserialization code, so OCP isn’t being used there.  I am extending the client code, that uses this infrastructure, without modification, by allowing the client to use a new data structure, simply by plugging in new code into the serializer and deserializer (an extension), without changing anything in the client.  So it is the client code that benefits from OCP, as described here.
3. Given the partial descriptions:


class C { … }; class B { … private: C* pC; }; class D : public B { … };

Write assignment operators for classes B and D, assuming that all the data members of B and D are shown.  Explain all the operations that occur when the following code is executed:

 
D d1, d2;  
 
D d3 = d2 = d1;

Answer:

  B& B::operator=(const B& b)
  {
    if(this == &b) return *this;

    delete pC;


// holding pointer 
    pC = new C(*(b.pC));
// implies ownership
    return *this;

  }
  D& D::operator=(const D& d)
  {
    if(this == &d) return *this;

    B::operator=(d);

    return *this;

  }

The first statement creates instances d1 and d2 of D using its default constructor if it has one.  If no other constructor is declared the compiler will generate one, otherwise the statement fails to compile, .  The first action of the D() constructor is to call the default B constructor, presumably done through an initializer, which must do something sensible with its pointer to C, presumably by creating an instance of that class.

The second statement copy constructs the d3 instance from the state of d2, using the copy constructor of D, which, in turn, calls the copy constructor of B.  The copy source, d2, is first modified through assignment from the state of d1.  The assignment uses base B assignment operator to assign the base part, then continues by assigning fields of the D class – none in this code.  The B assignment must delete its owned C instance, which calls the C destructor, then it creates a copy of the assignment source’s C instance.

4. Given the definition of two types X and Y, what happens if an exception is thrown in the code shown below?  Please make your answer as complete as you can, considering that you have not been told anything about other code in which this code is embedded.

 
X x;
 
some code here that throws an exception
 
Y y;

Answer:

When an exception is thrown in the indicated region, the created instance of x will be destroyed as the exception leaves the current scope, looking for a matching catch clause.  The y instance is not destroy because it wasn’t created before the exception was thrown.

If the exception finds a matching catch clause before another exception is thrown, it will be caught, execute the code in that catch clause, and continue execution with the statement immediately following the last catch clause for the try block with the matching catch.

If another exception is thrown before a matching catch clause is entered by the first exception, or if no matching catch clause is found, the process will call the special function terminate(), which by default calls the C-library abort() function.
5. Draw a UML class diagram that represents your design for Project #3.  Describe all the types of class relationships illustrated by the diagram.

Answer:

The SenderExec creates Comm and DatatMgr; and the RecvrExec creates Comm, ObjectFactory, and Display instances at run-time, so the Executives have  aggregation relationships with those instances.  The ObjectFactory composes a Deserializer which in turn composes an XMLParser.  The SenderExec’s DataMgr composes a Serializer which composes an XMLParser, as well.  The Display has a  using relationship with IDemo, bound to some Wrapper.  Finally, SenderExec’s Comm uses RecvrExec’s Comm to send messages.

To avoid writing a lot of repetitive code, IDemo provides an interface for the Display object to use to display any of the instantiated containers.  Wrapper inherits the interface contract from IDemo and overrides a virtual show() function to display the container type passed to it by the ObjectFactory.  It gets the details to display from its wrapped instance, via implementation inheritance – here, we’ve shown a queue<std::string> as the wrapped type.
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6. Write code for a global function that finds the average of the values in an STL  vector, list, or set container.  The code should work without modification for each of these cases.

Answer:


template <typename C>
typename C::value_type average(const C& con)
{

  if(con.size() == 0)

    return 0;
  C::value_type sum = 0;
  C::const_iterator iter = con.begin();
  for(iter=con.begin(); iter!=con.end(); ++iter)

    sum += *iter;
  return sum/con.size();
}

7. Describe how you would design a set of C++ classes that provide an interface which isolates clients from all implementation details, a set of common code that is shared by all clients, and the ability to modify the way that some of the provided classes behave. 

Answer:

A frequently recurring design idiom is to provide three levels of inheritance:
· An interface providing a contract for service.  In C++, this is a class with all pure virtual functions, and no member data.
· An abstract class that provides the common part of an implementation for all derived classes
· Derived concrete classes that complete the functionality provided by the hierarchy and may override optional (virtual) definitions provided by the abstract class.
This is the structure used by the ADAM wrapper prototype, discussed in class and shown below.  To completely isolate the client, you also have to provide object factory or factories, so client does not create concrete classes directly.
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� The statement for Project #3 is appended to this exam packet.
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