CSE687 Object Oriented Design
Midterm #1                
  Spring 2007

CSE687 Midterm #1

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. A circular buffer is a data structure that stores data items presented to it until it reaches a specified number of items.  After that point it stores the last N items.  Please write all the code to declare and implement that data structure, using one of the STL containers.  Part of the answer to this question is to decide an appropriate interface for the circular buffer.  The type of the data is not specified.

Answer:

template <typename T>

class CircBuff

{

public:

  typename typedef std::list<T>::const_reverse_iterator iterator;

  CircBuff(size_t n) : interval(n) {}

  void addDataPoint(const T& t);

  T front() const { return buffList.back(); }

  T back() const { return buffList.front(); }

  size_t size() const { return buffList.size(); }

  iterator begin() { return buffList.rbegin(); }

  iterator end() { return buffList.rend(); }

private:

  size_t interval;

  std::list<T> buffList;

};

template <typename T>

void CircBuff<T>::addDataPoint(const T& t)

{

  buffList.push_back(t);

  if(buffList.size() > interval)

    buffList.pop_front();

}
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2. State the Liskov substitution principle, explain its meaning, and cite one example of its use from among the code examples that have been handed out in class.

Answer:

Functions that use pointers or references statically typed to some base class must be able to use objects of classes derived from the base through those pointers or references without any knowledge specialized to the derived classes.

Liskov Substitution is the basis for polymorphism in most object oriented languages.  Client code declares a base class pointer and uses an object factory to bind that pointer to some derived class.  All calls using the base class protocol through that pointer succeed in calling the appropriate member function of the derived class, if virtual, and the base member function if not virtual, and hence, invariant.  The client is bound only to the declarations of the base class, so is not affected by changes in the implementation of derived classes.

An excellent example of Liskov Substitution is the use of the IRules and IAction interfaces in the Parser prototype provided to you for use with Project #1.  The parser needs no knowledge of derived Rule or Action implementations, so the design is very flexible.  It accepts new rules and actions with no change in the parser code.




3. Given the partial descriptions:


class D : public B { … private: int i; };

B* f(const D& d) { return new D(d); }


D d;

B b = *f(d);

where the ellipsis, … , represents code not disclosed to you.  Write a copy constructor for the D class.  Under what conditions will this code successfully compile?  If it does compile, describe each of the operations that occur when the last statement is executed. 

Answer:

class D : public B
{

public:

  D(int i=0) : _i(i) {}

  D(const D& d) : B(d), _i(d._i) {} 


  // Other stuff for the class goes here.

private:

  int _i;

};
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Assuming that the original class D and B code is correct, the function constructs a copy of the input reference object, using the code you just defined, and so, will compile if your code is correct.  The first declaration is a default construction of a D object, which will compile, if, and only if, there is a syntactically correct default constructor defined for the D class and the base class either has no constructors declared, or has defined a syntactically correct default constructor as well.  The last line of code will compile under the conditions listed above for the third line.

When the last line is executed, a new D object is created on the C++ heap with state that is a copy of that held by the reference D object in the caller’s scope.  The pointer returned by f is dereferenced to yield the D object on the heap.  That is used as the source for a base class copy contruction of the b instance, slicing the state of the heap-based D object to its base part, and making the state of b a copy of that base slice.

4. Suppose that we have decided on the design for a class D.  We need a clone function for the D class that will be inherited from a base class.  This clone simply makes a copy of the instance on which the clone operation is called.  Please write the base class’s clone function so that the copy can be used polymorphically, e.g., through a base class pointer or reference. 

Answer:

template <typename T>
class B

{

public:

  B() : msg("a B message") {}

  virtual ~B() {}

//////////////////////////// answer //////////
  B<T>* clone()

  { 

    T* pT = dynamic_cast<T*>(this); 

    if(!pT)

      throw std::bad_cast();

    return new T(*pT); 

  }
//////////////////////////////////////////////

  virtual void say() const

  { 

    std::cout << "\n  " << typeid(*this).name(); 

  }

private:

  std::string msg;

};

class D : public B<D>

{

public:

  D(std::string msg) : _msg(msg) {}

  virtual void say() const

  {

    B<D>::say();

    std::cout << "\n  my string value - " << _msg.c_str();

  }

private:

  std::string _msg;

};
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5. Draw a UML class diagram that represents your design for Project #2
.  Describe all the types of class relationships illustrated by the diagram.

Answer:
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The class graph<V,E> composes the adjlist<V,E> class which aggregates the vertex<V,E> class.  That, in-turn, aggregates the edge<V,E> class, which uses instances of the vertex<V,E> class, e.g., each edge points to, and uses, a single instance of the vertex<V,E> class.

Composition is a strong ownership relationship where lifetime of the owned is the same as the lifetime of the owner.  It is implemented by making owned a data member of owner.

Aggregation is a weaker ownership relationship where the owned object is explicitly created by the owner and hence has a different lifetime.

Using is not an owning relationship.  Some other entity creates the used object and passes it to the user via a member function argument.


6. What is meant by the term “Shallow Reference Object Model”.

Answer:

Languages that support the shallow reference object model, like C# and Java, define two categories of types: value types like ints, doubles, and structs, and reference types that are all realized as classes defined either by users or by the compiler libraries.  The value types live on the stack, e.g., in the stack-frame of the function where they are declared.  Reference types live on the managed heap.

A class can only hold references to objects on the managed heap, and these objects are destroyed by a platform specific garbage collector when all references have been removed.

Shallow reference languages make copies of references and assign references to objects on the managed heap rather than copying or assigning the objects themselves.  Thus if you assign a reference of one instance to a reference of another, the result is two references pointing to the same instance on the managed heap.

Shallow reference languages like C# do not allow you to overload the assignment operator or provide copy constructors.  The language expects that you want to have multiple references to the same object. 
7. Write code for a function that will find the maximum value of the elements in an STL container of type vector, list, or set.  You don’t know the types of the container’s template parameters.  Under what conditions will this code fail to compile?

Answer:

template <typename C>

typename C::value_type maxInContainer(C& c)

{

  C::iterator iter = c.begin();

  C::value_type max = *iter;

  while(iter != c.end())

  {

    if(*iter > max)

      max = *iter;

    ++iter;

  }

  return max;

}
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This code will fail to compile if, and only if, the function is called, so that it is instantiated and an attempt is made to compile code for it, and, the value_type does not provide a greater-than operator or the value_type class has made its assignment operator non-public so that it can not be accessed in the function.



8. What do the terms modularity and encapsulation mean?  Describe how they are different.

Answer:

Modularity describes how you partition a system into cohesive and testable  component parts.  Encapsulation describes how well you have hidden the implementation of a module or class or function from its clients.

A C++ software system has good modularity if:

a. Each server module has exactly two files, a header and an implementation file.  The header announces a service and the implementation provides it.

b. Each server carries out only one service with a simple interface for its clients.

c. Each program has one executive that consists of a single implementation file and directs the activities of server modules.

d. No other parts are needed with the possible exception of interfaces that are defined in a header file with no implementation.


A C++ module has good encapsulation if:

a. It neither declares nor uses global data.

b. No class exposes public member data.

c. Members only return pointers to newly created objects.

d. Public member functions require no knowledge of the class implementation to use safely and correctly.








� The statement for Project #2 is appended to this exam packet.
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