CSE687 Object Oriented Design
Midterm #4                
  Spring 2011

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. Provide a statement for the Dependency Inversion Principle (DIP), discussed in class.  How would you implement DIP when writing C++ code with many packages in several layers?

Answer:

High level components should not depend upon low level components.  Instead, both should depend on abstractions.  Abstractions should not depend upon details.  Details should depend upon the abstractions.

Provide interfaces and object factories between each of the layers, and possibly internal to one or more layers as well.  The primary goal is to isolate volatile code – where lots of development change is occurring – so that changes to that code do not affect its clients.

Each interface is implemented as a struct that has no implementation, only public member function declarations.  An interface may include a static creational function that plays the role of the object factory.  If there are many internal objects to create, you may choose to implement a separate factory class instead.
2. Write all the C++ code for an Array class holding elements of an unspecified type that provides an iterator for accessing its elements.  You are asked to support the syntax:

   Array<std::string,5>::iterator iter;
 

Answer:

template <typename T, int Size> class Array {

public:

  typedef T value_type;

  typedef T* iterator;
  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);

  }

  iterator begin() { return pArray; }

  iterator end() { return (pArray + Size); }

private:

  Array(const Array<T,Size>& arr);  // can make public impl. later

  Array<T,Size>& operator=(const Array<T,Size>& arr);  // ditto

  T* pArray;

};

template <typename Cont> void display(Cont& c)

{

  Cont::iterator iter, last = c.end();

  last = --last;

  std::cout << "\n  ";

  for(iter = c.begin(); iter != last; ++iter)

    std::cout << *iter << ", ";

  std::cout << *last << "\n";

}

3. When designing a templatized class, why would you use policies and traits?  To fully answer this question you need to define each and state the reasons why you would consider using each.  When do you bind to a specific template policy?

Answer:

A policy is a class, used as a template argument in another class.  The purpose of the template is to modify the behavior of the template class in ways that may not be directly related to its mission.  That is, for a queue class you might provide a locking policy that would make it easy for a client to create a thread safe queue in a multi-threaded environment, but not pay the price for locking when only one thread is being used by the application.

A trait is a typedef that provides an invariant name for a type that is instantiated by the client as an argument for a template class, and will be unknown to designers of a library that provides the template class with the trait.  Traits allow us to build functions that operate on template based types without knowing how the client will instantiate the template class.

You bind to both policies and traits at application compile time (not library compile time).

A template policy is used in the code for MT1Q4.  A trait is used in code for MT4Q2, the previous answer.



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

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

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.  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:

class B

{

public:

  // member functions elided here

  virtual ~B() { 

    delete pStr; 

  }

  B& operator=(const B& b) { 

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

    delete pStr;

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

    std::cout << "\n  B assigned";

  }

private:

  std::string* pStr;

};

class D : public B

{

public:

  // B has correct copy, assignment, and destruction 
  // semantics so compiler generated operations for D
  // will be correct
};

D someFunction(void) { D d; return d; }

int main()

{

  B b = someFunction();  // a D object or something convertible to a D is created in

  return 0;              // the function.  In this statement the returned D is sliced
}                        // to a B by B’s copy constructor.

5. What is meant by the term overriding, when applied to C++ classes?  How is overriding supported by C++?

Answer:

Overriding is the redefinition of a base class virtual function in a class derived from the base.  The parameter sequence of the overriding function must be the same as the parameter sequence in the base function.  The return type of the overriding function must be the same or covariant with the base function.  A return type is covariant if, and only if, the base function returns a  pointer or C++ reference to the base type and the overriding function returns a pointer or C++ reference to the derived type.

Overriding is supported by means of the virtual function pointer table that belongs to each class containing at least one virtual function.
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6. You’ve been asked to design a class in which the behavior of one member function must depend on the client’s context.  How would you define a set of classes to achieve changes in behavior at run time?  How would you define a set of classes to achieve changes in behavior at compile time?  Why would you favor one of these methods over the other?

Answer:

You will use dynamic binding through virtual functions to change behavior at run time.  The set of classes are the derived classes with a common base that defines a virtual function for the code that depends on the client’s context, e.g., the application specific details.

You may define a template class to achieve changes in behavior at compile time.  The set of classes are the template class and a class for each template parameter that defines one of the target behaviors.

These methods provide the flexibility to meet changing application requirements without changing existing code, but only adding new code, e.g., a derived class or a template parameter, so they directly support the Open Closed Principle.  

Dynamic binding pays a small price for each function call (usually negligible) while a template class pays the price of increased compile time.  You might favor dynamic binding for very large packages to avoid long build times and the added flexibility of making changes at run-time.  Templates easily support compile-time changes over a very large set of types without writing a lot of code, while dynamic binding requires code for each variation in at least one virtual function.
7. In Project #2, the metadata that results from scanning a project directory tree defines a virtual graph.  That is, the relationships defined in the metadata could be represented by a graph, but you did not have to build a dependency graph as an in-memory data structure.  Describe how you traversed that virtual graph.  Please write pseudo code (or real code if you prefer) to support your discussion.  Why didn’t we say that the metadata represented a virtual tree?

Answer:

class Scanner  // Traverses metadata XML files
{
public:
   void traverse(string MDFileSpec, Operation op)
   {
      // assumes MetaDataMgr has a means to mark references
      // as visited, and will not return a visited reference to avoid
      // infinite loops on mutually dependent references.

      do {
         ref = meta.getNextFileRef();
         op.processFile(ref);
      } while (ref != “”);
      do {
         ref = meta.getNextPackageRef();
         op.processPackage(ref);
         traverse(ref, op);
      } while (ref != “”);
      meta.clearMarks();
   }
private:
   MetaDataMgr meta;
   std::string ref;
};


Package dependencies form a graph, not a tree.  That is, any package can have more than one parent package and may, in turn, depend on an ancestor.   So, a collection of metadata files that describe package dependencies in some project will form a graph, not a tree.  This is the reason that we need to mark visited references (and clear the marks when we are done, so traversals can be repeated).

Notice how the language used in this function makes very clear how it works.
� The original statement requested syntax: Array<std::string>::iterator iter;  To support that you need to remove the Size template parameter from this class and supply it in constructors.  I think this syntax is better.
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