CSE687 Object Oriented Design
Midterm #3                
  Spring 2009

CSE687 Midterm #3
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. Write all the code for a function that reverses the characters in a string, using iterators.

Answer:

std::string Reverse(std::string str)

{

  std::string::iterator iter1, iter2;

  for(
    iter1=str.begin(),
    iter2=--str.end();
    iter1 < iter2;
    ++iter1, --iter2
  )

  {

    char temp = *iter1;

    *iter1 = *iter2;

    *iter2 = temp;

  }

  return str;

}

2. What is a callback?  Describe two ways of implementing callbacks in a project.  Hint: a library designer uses callbacks so that the library code can call functions in some application that uses the library without having the library code bind to the application implementation.

Answer:

A callback is a deferred function call whose definition resides in application specific code but invocation made by library code.  For example, a button click in a user interface is a callback from the library’s button code to the button click event handler, provided by the application.  The button, defined in some library, calls back on application code (button event handler) when the button is clicked.

Callbacks may be function pointers, registered with the library, but function pointers are often wrapped in Command objects or replaced by functors
.
a. A command object is defined by the application code, but derived from a base class provided by the library.  The derived command does whatever the application needs when the library invokes it.  This command is bound to the library call through a registration function that accepts the derived object typed as a base Command class pointer or reference.

b. A functor is a class that defines operator().  For call backs, the application code derives its functor from a base functor class provided by the library and passes as an argument to some library function.  The derived operation() does whatever the application needs on an argument, defined by the library, when the library calls back on the functor.  See for example, my answer to MT2Q8.


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* f(D d) { return new D(d); }  
D d;   // default construction of B, C, and D
D t = *f(d); // copy construction of d value going in, copy
             // construction of new D on heap, then copy into t
             // all of these copy B, C, D

Does anything change for Figure 1.b?  Do you see any problems with this code?

Answer:  See code for MT2Q3 for differences.
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Problems:  We wasted cpu cycles making two extra copies to get one, t.  Also, it won’t be obvious to user that an object on the heap should be deleted by delete &t.
4. Describe all the means you can think of to make a design extensible.  Discuss each.

Answer:

a. Use templates to make classes work for a variety of types.  Add specializations to extend to additional types for which generic processing is insufficient or inappropriate.
b. Use template policies to fine tune how a class instance behaves.

c. Use components that expose interfaces, and perhaps object factories, to accept various implementations, e.g., extension by adding new plug-able implementations.
d. Supply derived functors via functor interface parameters in container functions.  This is really a variation of c.

e. Use inheritance of implementation and add additional operations and perhaps member data.

f. Use mixin inheritance strategies to support making flexible combinations of the inherited capabilities.  This is an elaboration of d.
g. Provide wrappers that add additional capabilities to the wrapped class.  This is extension by composition.

5. Discuss how the Dependency Inversion Principle, applies to the parser prototype discussed several times in class.  You may recall the last time we discussed this occurred when the XMLParts module was discussed.

Answer:

Dependency Inversion Principle states that high level policy objects should not depend on low level implementation details.  Both should depend on abstractions.

In the case of the Parser project, the Parser is just a container typed to hold IRules.  The user adds one or more rules, derived from the IRule interface.  This allows the Parser to use any rule implementation that may be needed at some later design time.  In a sense these are pluggable policies.  Similarly, each class derived from IRule holds a collection of one or more IActions.  The user adds one or more actions, derived from IAction, to determine what happens when a rule is satisfied.

So, in this case, the parser can use an open-ended collection of rules, and each rule can use an open-ended collection of actions without modifying either the Parser container or the Rule container.

Also, the parser interacts with its scanner through an ITokCollection interface, allowing either XmlParts or SemiExpression to supply tokens.


6. Using Standard Template Library containers, design a data structure that will hold data for all the filenames and pathnames in some directory subtree, without storing path or filename strings more than once.  Thus, for example, store C:\temp\file1.h, C:\temp\file1.cpp, and C:\temp\old\file1.cpp as the strings “C:\temp”, “file1.h”, “file1.cpp”, and “C:\temp\old” so that the original strings can be reconstructed, e.g., you have not lost the location information.  You may illustrate your design with either a class diagram or with code.

Answer:

You need three containers to avoid duplication of filenames and pathnames: one to hold the names of each unique file, one to hold the name of each unique path, and one to hold associations of each file name with its paths.

typedef std::set<std::string> paths; 

  
  // each path has one entry
typedef std::list<paths::iterator> pathRefs;
  
  // list of paths where a file is found
typedef std::string file;



  
  // a file
typedef std::map< file, pathRefs > fileInfos
  
  // a collection of directory tree info
  // with unique file and path names

See Midterm CodeSp09 – MT3Q6 for details

7. Write all the code for a node class that can store an instance, of some arbitrary type, in a linked list.  Complete this by writing the code for the list as well.

Answer:

    template <typename T>

class Node

{

public:

  Node(Node<T>* pNode, const T& t=0) : next_(pNode), t_(t) {};

  T& value() { return t_; }

  Node<T>*& next() { return next_; }

  // Compiler generated copy and assignment are shallow.

  // That makes sense for a Node class.

private:

  Node<T>* next_;

  T t_;

};

template <typename T>

class list

{

public:

  list() : pHead(0), pCurrent(0), size_(0) {}

  size_t size() { return size_; }

  void add(const T& t)

  {

    if(size() == 0)

      pHead = pCurrent = new Node<T>(0,t);

    else

      pCurrent = pCurrent->next()= new Node<T>(0,t);

    ++size_;

  }

  Node<T>* next()

  {

    if(pCurrent) return (pCurrent = pCurrent->next());

    else return pCurrent;

  }

  T& front() 

  {

    pCurrent = pHead; return value();

  }

  T front() const 

  {

    pCurrent = pHead; return value();

  }

  T& value() { return pCurrent->value(); }

  T value() const { return pCurrent->value(); }

private:

  Node<T>* pHead;

  Node<T>* pCurrent;

  size_t size_;

};


8. What is the difference between overloading and overriding.  Explain how C++ supports each of these.

Answer:

Overloading is a compile-time binding of code to a member function identifier that has already been used in the same class, but with a different sequence of type arguments.  Note that you cannot overload on return type.  C++ uses name mangling – the process of appending argument types to a function identifier - to form the symbol table name for the function.  The same discussion applies to global functions as well.

Overriding is the run-time binding of code to a virtual member function that has been used in a base class.  Overriding requires the exact same function signature in both derived and base, with the exception that the return type may be covariant.  That is, if the base virtual function returns a pointer or reference to an instance of the base type, then the derived virtual function may return a pointer or reference to an instance of the derived type.  C++ uses a virtual function pointer table (one per class) to define the mapping of virtual function calls to code.  Each instance of a class with virtual functions contains a pointer to this table, and calls on that function dereference the pointer to the table, use the function offset to find the pointer to its code, and dereference that to execute.







� This way, the callback is not limited to one specific function signature.
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