CSE687 Object Oriented Design
Midterm #2                
Spring 2004


Midterm #2 – 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. 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. 

2. What is object oriented design?

Design of programs using classes representing abstractions from the problem domain pertinent for the design.  The design is partitioned using classes and its operation is determined by the relationships established between classes, e.g., inheritance, composition, aggregation, and using relations.  

The main strategies of Object Oriented Design are to:

a. Encapsulate processing in classes

b. Extend existing classes using inheritance

c. Loosely couple client code to abstractions represented by interfaces polymorphically bound to concrete classes.


3. State the Open/Closed Principle.  How do you implement designs based on this principle?  How does it apply to Project #2.  Please be as specific as possible.

Software entities (classes, modules, functions) should be open for extension, but closed for modification.  That means that we modify or add to the functionality of a component with additional code without modifying the original.

A software component implements the Open/Closed Principle using either polymorphic abstractions or template classes.  A component can use a polymorphic abstraction as a hook that applications derive from and override its virtual functions to modify the behavior of the component to suit the needs of the specific application, rather than modifying the component itself.  A component can also use one or more template parameters to accept policies and traits that are defined by the application and modify its behavior so the component itself need not be modified.

The Prototype for Project #2 uses the ITokenFilter and ISemiFilter hooks to allow client applications to modify the behavior of either CToker or CSemiExp.  The requirements asked you to convert the filters into template policies that provide another avenue to satisfy the Open/Closed Principle. 


4. Sketch a UML class diagram that represents your design of an electronic postit notes program.  That is, the program manages a set of notes that appear as small simple windows on the desktop and support editing of note messages and creation and deletion of existing notes.  You don’t need to know anything about the implementation of windows programs.  Just focus on the design aspects of the question.


The EditBox supports editing and display of messages.  The ListBox displays a list of existing notes in a separate window.  The dataManager uses the services of an XMLParser and FileHandler to save and retrieve notes.  The executive provides event handlers to support the creation of a context menu that supports saving, hiding, showing, and deleting notes.  The entire client area of the note form is taken up by the EditBox, showing only a title in addition to the Edit/Display area.  The Form with ListBox contains additional controls for managing notes.
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A more elaborate design that absorbs some of the executive functionality into the Note and NoteMgr classes.


5. 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(); …
};

What constraints on the unspecified code, shown by the ellipses …, are necessary to ensure that the Liskov Substitution Principle is satisfied?

In order to satisfy the Liskov Substitution Principle a class must:

a. provide a virtual destructor

b. qualify as virtual base functions that are not invariant over the derivation hierarchy.

c. not redefine non-virtual functions.

d. not overload virtual functions or functions not in the same class scope.

e. not use default parameters for virtual functions.
f. Post-conditions for member functions of B must be at least as strong as those for A.

g. Pre-conditions for member functions of B must be no stronger than those for A.


So A must provide a virtual destructor, B must not redefine mf3(), and it must not overload or provide default parameter values for mf2().  If you expect B to be a base for another derivation, then you should not overload mft4() or give it default parameters.


6. How would you design a class so that instances can be divided into a finite number of groups, each of which shares the same state data?

Simply templatize it with an integer parameter and make the shared state static.  Each instantiation with the same integer value belongs to the same class and so will share the static data.  However, an instantiation using a different integer parameter is a different class and will not share the same data.
7. 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 a copy constructor for the class B.

B::B(const B& b) : A(b)

{

  
  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]);

};

8. Write a declaration for a class that represents an m-ary tree, holding any specified type.  Each node of an m-ary tree may have zero or a finite number of child nodes.

template <typename T>

class Node

{

public:

  Node(const T& t);

  void addChild(Node<T>* pNode);

  bool nextChild(Node<T>& n);

  unsigned int size();

private:

  std::vector<T> _children;

};

class Proc

{

public:

  virtual ~Proc() {}

  virtual void processNode()=0;

};

template <typename T>

class MAryTree

{

public:

  MAryTree();

  ~MAryTree();

  MAryTree(const MAryTree<T>& m);

  MAryTree<T>& operator=(const MAryTree<T>& m);

  void add(Node<T>& parent, const T& t);  // wraps t in Node

  void DFS(Proc& p);

  bool find(T& t);

private:

  Node<T>* head;

};

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

   class X : public Y { public: X(const X& x) … };

   X x1(1);    Y y[3] = { x1, Y() };

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

X must explicitly provide a promotion constructor that accepts or converts an integral type – the compiler won’t do that.  When that is executed some constructor for Y will be called, we can’t be sure which without seeing X’s promotion constructor.  If you want to be able to create arrays of X’s then X must also explicitly provide a default constructor since the compiler won’t do that because copy and promotion constructors have been declared.

Y must provide for correct copy and void construction for Y instances since the 0th element of the array is initialized by a Y::Y(const Y&) copy of the base part of x1.  The 1st element of the array is explicitly initialized with a temporary Y created with its default constructor, then ~Y() is called for the temporary, and finally, the last element is implicitly created with a call to Y::Y().

By-the-way, there are exactly four invocations here, none of which is an assignment.




10. Write all the code for a class with instances that:

a. Provide access to a shared buffer anywhere in any program that has access to the class definitions.

b. Allow more than one shared buffer to be defined.

c. Support any specified buffer type that provides correct copy and assignment semantics.

d. Provide an index operator with bounds checking.


template <typename T, int i>

class SharedBuffer

{

public:

  T& operator[](int n)

  {

    if(n<0 || shared.size()<=(unsigned)n)

      throw std::range_error("range error in operator[]");

    return shared[n];

  }

  T operator[](int n) const

  {

    if(n<0 || shared.size()<=n)

      throw range_error("range error in operator[]");

    return shared[n];

  }

  SharedBuffer<T,i>& push_back(const T& t)

  {

    shared.push_back(t);

    return *this;

  }

  unsigned int size()

  {

    return shared.size();

  }

private:

  static std::vector<T> shared;

};

template <typename T, int i>

std::vector<T> SharedBuffer<T,i>::shared;
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