CSE687 Object Oriented Design
Midterm #4                
  Spring 2012

CSE687 Midterm #4
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. Which, if any, of the principles: LSP, OCP, and DIP are satisfied by code you submitted for Project #1?  Please explain your answer with specifics about your code, not generalities.

Answer:

All are.  The test driver implements the ITest interface which provides a static factory method.  The test harness loads each test library and uses an ITest* pointer to call the test driver’s bool test() function polymorphically (LSP).  The test driver extends the ITest interface to provide test specific processing without requiring any changes in the test harness (OCP).  The test harness depends on ITest to define a contract for test service and object factory and the test driver depends on the ITest interface for derivation (DIP).

A lot of well written code will satisfy all three; so does that mean that these three principles are equivalent or redundant.  No.  LSP is a guarantee of substitutability.  OCP advises you to provide base class hooks and components parameterized with template arguments to promote reuse.  DIP advises the use of interfaces and object factories to isolate partitions of a system from the effects of change in other parts.  These are very different things.  But because they lead to effective software, e.g., flexibility (LSP), reuse (OCP), and robustness against change (DIP), they are often used together. 
2. Write all the C++ code for a class that provides instances that behave like strings but have an additional function that accepts a message placed at the beginning of the string and constructors that place a time stamp that will appear just after the message, obtained by calling a function std::string dateTime().  Are there any aspects of your design that may lead to incorrect behavior?  Why or why not?

Answer:

The base class does not provide a virtual destructor, but that is not a problem here because the derived class has no data members so it doesn’t matter that only the base destructor is called when a base pointer is deleted.
 

class Logger : public std::string  // answer needs these 5 lines
{

public:

  Logger();

};

template <typename T>

std::string ToString(const T& t)

{

  std::ostringstream out;

  out.fill('0');

  out.width(2);

  out << t;

  return out.str();

}

std::string dateTime()

{

  ::SYSTEMTIME st;

  ::GetLocalTime(&st);

  std::string dt = ToString(st.wMonth) + "/";

  dt.append(ToString(st.wDay) + "/");

  dt.append(ToString(st.wYear) + " ");

  dt.append(ToString(st.wHour) + ":");

  dt.append(ToString(st.wMinute) + ":");

  dt.append(ToString(st.wSecond) + " ");

  return dt;

}

Logger::Logger()  // answer needs these 5 lines
{

  // assign dateTime to base part of logger
  static_cast<std::string&>(*this) = dateTime();

}

void Logger::addMessage(const std::string& msg)  // answer needs these 5 lines
{

  std::string temp = msg + ": ";

  static_cast<std::string&>(*this) = temp + *this + "\n";

}

3. Write code for your Graph class that provides an iterator that traverses the Graph’s adjacency vector
.  Write a function that uses your Graph’s iterator to find all nodes with no parents.

Answer:
 

template<typename V, typename E>

class Graph

{

public:
  // next three lines satisfy first requirement
  typename typedef std::vector< Vertex<V,E> >::iterator iterator;

  iterator begin() { return adj.begin(); }

  iterator end() { return adj.end(); }

  Vertex<V,E>& operator[](size_t i) { return adj[i]; }

  Vertex<V,E> operator[](size_t i) const { return adj[i]; }

  void addVertex(Vertex<V,E> v) { adj.push_back(v); }

  void addEdge(E eval, Vertex<V,E>& parent, Vertex<V,E>& child);

  size_t findVertexById(size_t id);

  size_t size() { return adj.size(); }

private:

  std::vector< Vertex<V,E> > adj;

};

// this function satisfies the second requirement
static std::vector< Vertex<V,E> > vertsWithNoParents(graph& g)

{

  std::vector<size_t> parentCount;

  graph::iterator iter = g.begin();

  while(iter != g.end())

  {

    parentCount.push_back(0);

    ++iter;

  }

  iter = g.begin();

  while(iter != g.end())

  {

    vertex v = *iter;

    for(size_t i=0; i<v.size(); ++i)

    {

      edge e = v[i];

      parentCount[e.first]++;

    }

    ++iter;

  }

  std::vector<vertex> noParents;

  for(size_t j=0; j<g.size(); ++j)

    if(parentCount[j] == 0)

      noParents.push_back(g[j]);

  return noParents;

}

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

   class B { … private: std::string str; };
   class D : public B { … };

Write code for constructors and an assignment operator for class D 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.  For example, D has no data members.  

Given the definition:  D someFunction(void) { … }

What operations are certain to happen when you execute the code:

   B b = someFunction();

Answer:

Since someFunction returns a D by value, that will be sliced to a B because the compiler will use B::B(const B& b) to initialize b.  Internally a D contructor will be called which in turn calls a B constructor (we can’t tell which – those details are not visible).  When the function returns the D and B destructors will be called.
class B

{

public:

  B(const std::string& s="") : str(s) {}

  virtual ~B() { std::cout << "\n  ~B() called"; }  // not needed except for display
  // compiler generated assignment and copy are correct for B

  virtual void say()

  {

    std::cout << "\n  B: my string is: \"" << str << "\"";

  }

  std::string& getStr() { return str; }

private:

  std::string str;

};

class D : public B

{

public:

  D(const std::string& s = "") : B(s) {}

  virtual ~D() { std::cout << "\n  ~D() called"; }  // not needed except for display
  // compiler generated assignment and copy are correct for D

  virtual void say()

  {

    std::cout << "\n  D: my string is: \"" << getStr() << "\"";

  }

};

5. Describe the differences between function overloading and function overriding.  When is it not appropriate to use function overloading?  When is it not appropriate to use function overriding? 

Answer:

Function overloading occurs when you use a function identifier more than once in the same class or global namespace where each use provides different type sequences for the function arguments.

Function overriding occurs when you redefine, in a derived class, a base class virtual function, using exactly the same function identifier and argument type sequence.  The return values, if any, may be covariant (pointer to base returned by base function changed to pointer to derived by derived override).

You should never overload virtual functions nor should you overload a base function in a derived class.

You should never redefine a non-virtual base class method.
6. How would you write code to share an instance of a queue anywhere in code for a given application?  What does the using code have to do to share the queue?  How would you provide a partitioning of shared queues so that one part of your code could share a queue while some other code part could share a different queue?

Answer:

Create a templatized wrapper class, as shown below
.  Each user of a queue simply declares an instance of the QServer class to access the shared static queue.  The integer template parameter allows users to partition the shared queues into groups determined by the integer qNum parameter.  Sharing happens only between instances that have the same qNum.
 

template <typename T, int qNum> class QServer

{

public:

  std::queue<T>& get() { return _q; }

private:

  static std::queue<T> _q;

};

// define static member _q

template<typename T, int qNum> std::queue<T> QServer<T,qNum>::_q;

7. What is the difference, when using the C++ language, between an abstract class and an interface?  How do you implement them?  Why are they used?

Answer:

An abstract class has at least one pure virtual method.  All methods of an interface are pure virtual.  Furthermore, an interface has no data members and no constructors.  It may provide a virtual destructor to insure that all derived destructors are virtual.

You use an interface to share a contract for service.  You use an abstract class for sharing of defined member function code and types defined as data members of the class.  You can share instances of the data members by making them static
.

� If your design did not use a std::vector for the adjacency list, write this code as if it did.


� Code provided in Handouts\CSE687\code\templates\MonoState


� Note the relationship between this question and the previous one.





