CSE687 Object Oriented Design
Midterm #2                
  Spring 2009

CSE687 Midterm #2
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. In Project #2 you were asked to provide a Depth First Search function that accepted a functor that defined operations to carry out on each visited vertex and traversed edge
.  Show how you would accomplish this using callbacks.  Each vertex and edge will support a callback, in some appropriate way, and the functor registers for those callbacks it wants to receive.  You may answer this question with discussion or code or both. 

Answer (see code for complete answer):

This is a base functor class:

template <typename T>

struct IFunc

{

  typedef void(IFunc<T>::*callback)(typename node<T>* pNode);

  virtual void nodeOp(node<T>* pNode) = 0;  // callback: pointer to node

  virtual void edgeOp(node<T>* pNode) = 0;  // callback: pointer to child

  virtual void operator()(node<T>* pNode, int level)=0;

};


These do the callbacks in the node instance if it holds a pointer to a registered functor:


  void doNodeOp() { if(pFunc_) pFunc_->nodeOp(this); }

  void doEdgeOp() { if(pFunc_) pFunc_->edgeOp(this); }

  void Register(IFunc<T>* pFunc)

  {

    pFunc_ = pFunc;

  }

This DFS function invokes callbacks (which are null ops unless functor is registered):

template <typename T>

void DFS(node<T>* pNode, IFunc<T>& f)

{

  static int lev = 1;

  pNode->visited() = true;

  pNode->doNodeOp();

  f(pNode, lev++);

  for(size_t i=0; i<pNode->size(); ++i)

  {

    node<T>* pChild = pNode->getNextUnmarkedChild();

    if(pChild)

    {

      pChild->doEdgeOp();

      DFS(pChild,f);

    }

  }

  --lev;

}
2. Write all the code for an array class that supports queries for the size of the array, throws exceptions if indexed outside the bounds of the array.  You are required to support automatic resizing if needed when elements are appended to the array.

Answer:  
Should start with class declar, index oper, resize() then fill in rest if you have time.

template <typename T>

class array

{

public:

  array(size_t n=5);

  array(const array& arr);

  ~array();

  array& operator=(const array& arr);

  T& operator[](size_t n);

  T operator[](size_t n) const;

  void append(const T& t);

  size_t size();

private:

  void resize(size_t newCapacity);

  T* pT_;

  size_t size_, capacity_;

};
// find additional members in Midterm/CodeSp09 
template <typename T>

T& array<T>::operator[](size_t n)

{

  if(n<0 || size_ <= n) throw std::exception("index outside array");

  return pT_[n];

}

template <typename T>

T array<T>::operator[](size_t n) const

{

  if(n<0 || size_ <= n) throw std::exception("index outside array");

  return pT_[n];

}

template <typename T>

void array<T>::append(const T& t)

{

  if(capacity_ == size_) resize(2*size_);

  pT_[size_++] = t;

}

template <typename T>

void array<T>::resize(size_t newCapacity)

{

  capacity_ = newCapacity;

  T* temp = new T[capacity_];

  for(size_t i=0; i<size_; ++i)

    temp[i] = pT_[i];

  for(size_t i=size_; i<capacity_; ++i)

    temp[i] = 0;

  delete [] pT_;

  pT_ = temp;

}
3. Assuming that the diagrams, below, tell you everything you need to know, what happens when you execute the code given below, with relationships of Figure 1.a?
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D d1;        // void construction of B, C, and D
D d2 = d1;   // copy construction of B, C, and D

Does anything change for Figure 1.b?


Answer:






















The copy constructors are different as D in 1.a composes an instance of C while D in 1.b aggregates an instance of C.  See my solution for details.  So same operations but slightly different semantics.


4. Suppose that, in a project you are implementing, an event is generated in some specific part of the code, but other code needs to know that the event occurred
.  How will you support this for parts of the code that are not in the same scope as that where the event occurs.  Please illustrate your answer with either a class diagram or code or both.

Answer:

Create an invoker class that holds a static vector of ICommand objects.  Each scope defines a derived command class that accepts notification of the event.  The code in each scope registers for notification (see code example).  Since the command collection is static, they just declare an instance of the invoker class but get the same command collection that every other declarer gets.

The code that generates the event declares an invoker instance and, when the event occurs, simply calls its invoke function.  Essentially there are two necessary ingredients: 1) static collection of commands that allow any scope to register for notification, and 2) sending of notifications when the event occurs.  This design permits any part of the code to ask for notices.
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5. Directory navigation is a frequently needed activity in C++ programs.  Write pseudo code for a function that recursively walks a directory subtree.  Show how you will support application specific activities during the walk without including any application specific code in your navigator.  Please illustrate your means to achieve this loose coupling with a class diagram or code.

Answer:

// start Navigator::go(path)

// notify application of directory path

// find all files on path

// for each file

//   notify application of file

// find all subdirs on path

// for each subdir

//   invoke Navigator::go(path)

The notifications do callbacks on the application specific code so no application specifics appear in the navigator.
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6. Describe all the means you can think of to make parts of a design reusable.  Discuss each.

Answer:

a. To make parts reusable your design must make them couple loosely to application specific code.  You do that by having the part define an interface and an object factory that the application specific code uses to interact with your part.  The navigator described in the previous answer does this.  Since it has no dependency on implementation it can be reused with any application that needs directory navigation.

b. Designs like the parser are reusable because they support plug-in functionality, e.g., rules and actions.  We can use the parser for many different types of code analysis by providing an appropriate set of rules.  The parser follows the advice of the part a, above, but does more, by making a generic process that can be tailored with plug-ins.

c. Mixin strategies support the reuse of mixin base classes.  These bases provide a set of orthogonal functionalities that can be combined to build larger systems.  The ATL library uses this strategy to support the building of COM components (discussed in CSE775).


d. You make classes reusable over a collection of parameterized types by using templates.  You get to use the services of the class for many different types. The STL containers are a great example of this.

e. You also make reusable parts by factoring low-level operations into cohesive classes that provide an interface protocol consistent with each operation.  If the operations are useful in many contexts, we get reuse.  Tokenizer and SemiExpression are examples of this.

Things that hinder reusability are dependencies on other parts, implementation defects, poor performance, or complex behaviors.


7. Discuss ways in which you’ve made your design of Project #2
 extensible and ways in which you could make it more extensible.

Answer:

a. The graph class has a lot of extensibility since it is templatized on VertexTypes and EdgeTypes.  Extensibility means that there are a lot of opportunities for reuse by extending to meet different application requirements, in this case by making the class usable for many types.
 

b. The graph also has a depth first search function that accepts a functor operation.  If the DFS function accepts a base functor type pointer or reference, then any derived functor type will also work, supporting the extension to many different possible algorithms, and so supporting many different applications.

c. Another major avenue for extensibility comes with factoring a design into relatively small and independent parts, so the parts may be used in other places.  We extend by combining in different ways.  We could build the vertex class as a thin wrapper around an m-ary node class.  That core class could be used to build m-ary trees as well as graphs.  Here one would have to think about whether this limited reuse was worth the extra code to make it possible.  In other situations, factoring into small independent pieces is very effective, e.g, tokenizer, semiExpression, and XmlParts.


d. Taking the trouble to build robust, efficient, and understandable structures can lead to a lot of reuse.  Graphs describe very general sets of relationships, and so are broadly useful (and reusable) if we design them well.   With a good design, we can extend its applicability by providing an open-ended set of global functions that operate on the graph for different purposes, e.g., finding strong components, topological sorting, finding flows, … 


e. If we design the adjacency list to hold pointers to vertices, and if we design the vertex class to serve as a base for derived vertex classes, then we can use polymorphism to extend the applicability of our graph by using derived vertices with special behaviors.  Of course the same thing applies to edges if we design the vertex to hold a collection of pointers or references to edges instead of the edges themselves.  Again, we need to ask ourselves if the extra effort to do this will have enough pay-off to make it worthwhile.
8. Write all the code for an algorithm that will copy each element of one Standard Template Library (STL) collection into another STL collection when the element satisfies some condition determined by a functor.  You may not use any of the existing STL algorithms, but may use STL containers and iterators.  A complete answer to the question will provide the algorithm and a sample functor.

Answer:

template <typename T>

struct IFunctor

{

  virtual bool operator()(T& t)=0;

  virtual ~IFunctor() {}

};

template <typename T>

class SampleFunctor : public IFunctor<T>

{

public:

  SampleFunctor(char chr='A') : ch(chr) {}

  bool operator()(T& t)

  {

    return (t[0] == ch) ? true : false;

  }

private:

  char ch;

};

template <typename U, typename V>

void copy_ifeach(U& u, V& v, IFunctor<typename U::value_type>& f)

{

  U::iterator iter;

  for(iter=u.begin(); iter!=u.end(); ++iter)

    if(f(*iter))

      v.push_back(*iter);

}
� EMBED Visio.Drawing.11  ���





IDirNav defines file and directory callbacks
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� The Project #2 statement is included at the end of this exam package.


� Event, as used here, is not an element of syntax.  It is just some change in state that you, the designer, classify as an event, and that other code needs to know about.


� The Project #2 statement is attached to the back of this exam package.
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