CSE687 Object Oriented Design
Midterm #1                
  Spring 2011

CSE687 Midterm #1

Name: _________Instructor’s Soluton_______________
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. Define the term Polymorphism, as it has been used in this course.  How is polymorphism implemented in the C++ programming language?

Answer:

Polymorphism describes the ability of code using a base class pointer or reference to bind to an instance of a class derived from base, so the bound object determines how to handle all calls to its virtual functions.  This allows the calling code to be ignorant of the implementation details that distinguish the various derived classes.

This binding mechanism is implemented using virtual function pointer tables as shown in the figure below.

Note that Stroustrup also defines compile-time polymorphism to be the application of templates.  I don’t use the term polymorphism in connection with templates, but if you have for your answer you will get some credit for that.
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2. Given the following code:

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


Write code for assignment operators and destructors for each of these classes when that makes sense.  If it doesn’t make sense to do that, discuss why it does not.  You may assume that all of the data members of each class have been shown to you, above.  The ellipsis … indicates code that is not disclosed to you.

Answer:

class X

{
  // some members elided including copy ctor
public:

  ~X() { 

    delete pStr; 

  }

  X& operator=(const X& x) { 

    if(&x == this) return *this;

    delete pStr;

    pStr = new std::string(*(x.pStr)); 

  }

private:

  std::string* pStr;

};

class Y

{

public:

  // X has correct copy, assignment, and destruction 
  // semantics so compiler generated operations for Y
  // will be correct
private:

  X x;

};

3. Provide a statement of the Open Closed Principle (OCP).  Discuss two distinct ways of writing code to satisfy the OCP.  Cite examples of code, distributed in class, which employs each of these methods.  Please be very clear about how the examples support OCD.  

Answer:

Software entities (packages, classes, functions) should be open for extension, but closed for modification.  Two ways of doing this are to 1) declare a base class with virtual functions, allowing application specific derived classes to extend with redefinitions, and 2) use templates to support application specific types and policies.

The OCP applies directly to the Parser class.  The Parser package declares an IRule interface and the Parser class holds a collection of pointers to classes derived from IRule.  A new rule can be added without modifying in any way the code of Parser or its clients.  Thus, the Parser behavior is extended with each new rule, without any form of modification of its code.

An example of template support is the HashTable class.  It uses template parameters key and value to allow the HashTable to be used with application specific mappings.  It also uses a template HashFunction policy to support application specific hashing algorithms.  New template parameter types and new policies can be used at any time without changing the HashTable code.


4. Write all the code that defines an Array class holding instances of an unspecified type.  You are required to provide a member function that displays the array data and a template policy for the Array class that governs how array data is displayed when using the display function.  Give a simple example of the display policy.

Answer:

struct rowDisplayPolicy

{

  static std::string seperator() { return ", "; }

};

struct columnDisplayPolicy

{

  static std::string seperator() { return "\n  "; }

};

template <typename T, int Size, typename DisplayPolicy>

class Array {

public:

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

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

  {

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

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

  }
  ~Array() { delete [] pArray; }
  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);

  }

  void display() const
  {

    std::cout << "\n  ";

    for(int i=0; i<Size-1; ++i)

      std::cout << *(pArray+i) << DisplayPolicy::seperator();

    std::cout << *(pArray+Size-1) << "\n";

  }

private:
  Array(const Array<T,Size,DisplayPolicy>&);  // make public impl. Later

  Array<T,Size,DisplayPolicy>& operator=(const Array<T,Size,DisplayPolicy>&); // ditto
  T* pArray;

};

5. Draw a class diagram for your design of Project #2.  

Answer:

Note that every class has an owner except for the executive.
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6. Describe the syntax used to declare non-virtual, virtual, and pure virtual member functions of a class.  When would you use each?

Answer:

Non-virtual functions do not have a virtual qualifier and represent behavior that is invariant over an inheritance hierarchy.  Virtual functions use the virtual qualifier and represent behavior that may change over an inheritance hierarchy.  Pure virtual member functions use the =0 qualifier following the closing parenthesis of a function’s parameter sequence.  Pure virtual functions represent behavior that must change over the inheritance hierarchy.

Non-virtual functions should not be redefined in a derived class.  Virtual functions may be redefined, allowing derived types to modify base behaviors.  Pure virtual functions make their class abstract and must be defined in derived classes.  One cannot create instances of an abstract base class.  

Note that a pure virtual function may provide a definition.  To use that, an overriding function in a derived class simply delegates its call to the base function, qualifying the call with the base type name.  However, the base is still abstract and cannot be instantiated.
7. Describe your options in Project #1 for sharing data between rules and actions?


Answer:


	Design Options for Sharing Data

	Option
	Comments

	wrapped static data, like ScopeStack
	Convenient for one or two pieces of data, but must be used very judiciously. Similar to using global data 

	Wrapped static reference to a data repository
	Much better, only one static. Data can be effectively organized in repository. Use this if lots of parts need to share data. 

	Derived Rule passes data to derived action through new member function
	Cleaner - both derived rule and derived action are application specific, so we can endow them with any data passing public methods we need without changing the IRule and IAction interfaces. Keeps need to know local, but requires derived rule to use dynamic_cast to access the new member functions. 

	Builder passes reference of repository to rules and actions it creates
	Clean and flexible - no statics and can implement any sharing pattern. Builder (object factory) and derived rules and actions are always application specific so we can add a public member function to them. It's easy to have the builder create a repository on the heap and pass references to parts that need it, using the new member function. No dynamic_cast needed since all the application specific code know the repository type. 
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