CSE687 Object Oriented Design
Midterm #4                
Spring 2004


Midterm #4 – Instructor’s Solution
Name:_________________________________  SUID:____________________

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. Given the class declaration:

class X : public Y { … };

What can you say about the global function declarations on the left?  What will happen when they are each compiled or invoked as shown on the right?

 
myFun1(Y y);


myFun1(X());
 
myFun2(Y& y);


myFun2(X());
 
myFun3(const Y& y);

myFun3(X());

The global function myFun1 passes a Y object by value.  Its invocation, myFun1(X()), creates a temporary X instance using X() and Y(), slices that with the Y copy ctor and uses the sliced object in the body of the function.  ~X() and ~Y() are called to destroy temporary.

The function myFun2 passes a Y object by reference.  The expression myFun2(X()) creates a non-const temporary x using X() and Y(), that initializes a Y reference.  That is used polymorphically.  Any changes to the referred to temporary are lost as it will be destroyed with ~X() and ~Y() when the function call completes.

Since the function myFun3 passes a const Y reference, the compiler creates the temporary and passes the base Y reference attached to the derived X temporary instance, as discussed above.  The function body will treat argument polymorphically but will not execute any non-const members of Y.


2. Why is deferred binding important?

We could not satisfy the Open/Closed principle without deferred binding.  We defer binding by defining polymorphic hooks – base classes that provide protocols for applications with derived classes to use, or be defining template-based classes that accept user defined types that modify the way the template class behaves.

Both of these techniques satisfy the needs of an application defined long after some library it uses has been implemented by modifying the way the library behaves in ways that help the application without touching library code.  If the library has provided polymorphic hooks, the application simply derives classes from the hooks and registers them with the library hook caller to provide application-defined functions called by the library.  If the library has provided template-based classes, the application simply instantiates the templates with application-specific classes.


3. Given the class declarations:

class A 
{ 
   public: virtual void mf1(int); virtual int mf2(); void mf3(); … 
};

class B : public A 
{
   public: int mf2(); virtual void mf4(); …
};

What constraints on the unspecified code, shown by the ellipses …, are necessary to ensure that the Liskov Substitution Principle is satisfied?


In order to satisfy the Liskov Substitution Principle a class must:

a. provide a virtual destructor

b. provide virtual functions for functions that are not invariant over the derivation hierarchy.

c. not redefine non-virtual functions.

d. not overload virtual functions or functions not in the same class scope.

e. not use default parameters for virtual functions.


So A must provide a virtual destructor, B must not redefine mf3(), and it must not overload or provide default parameter values for mf2().  If you expect B to be a base for another derivation, then you should not overload mft4() or give it default parameters.



4. Sketch a UML class diagram that represents your design of a network-based digital library.  That is, the program supports the display of brief descriptions of indexed items, organized into categories.  It also supports the downloading of items from the library.  You don’t need to know anything about network programming or windows programming for this task.  Just focus on the design aspects of the question.



[image: image1.emf]Client UI

LibraryDocumentBrowser

serverProxy

serverResponseHandler

serverRequestHandler

DocumentManager

DocumentInterface

LibraryGuide Document

Comm

serverGateway

categoryMgr

directoryHandler

DocumentAbstracts

1

*


5. Write a declaration for a class that represents a graph.  A graph consists of a collection of nodes, connected to one-another by edges.  Usually a node is connected to only a few of the other nodes within the graph.  Each node and each edge have an associated type, specified by the user of the class.

template <typename N, typename E>

class Node

{

public:

  Node(const N& n, const E& e);

  void addChild(Node<N,E>* pNode);

  bool nextChild(Node<N,E>& n);

  unsigned int size();

private:

  std::map<N,E> _children; 

};

class Proc

{

public:

  virtual ~Proc() {}

  virtual void processNode()=0;

};

template <typename N, typename E>

class Graph

{

public:

  Graph();

  ~Graph();

  Graph(const Graph<T>& m);

  Graph<N,E>& operator=(const Graph<N,E>& m);

  void add(Node<N,E>& parent, const N& n, const E&e);
  void makeChild(Node<N,E>& parent, Node<N,E>& child);

  void DFS(Proc& p);

  bool find(N& n);

private:

  Node<N,E>* head;

};

6. How would you design a class so that all users can access only a single instance?

class singleton

{

public:

  static singleton* getInstance()

  {

    ++refCount;

    std::cout << "\n  refCount = " << refCount;

    if(pInstance == 0)

      return (pInstance = new singleton);

    else

      return pInstance;

  }

  void release()

  { 

    if(refCount == 0) return;

    if(--refCount == 0)

    {

      std::cout << "\n  deleting instance";

      delete this;

    }

    std::cout << "\n  refCount = " << refCount;

  }

  void say()

  {

    std::cout << "singleton reference #" << refCount;

  }

private:

  singleton() {}

  ~singleton() { pInstance = 0; }

  static singleton *pInstance;

  static int refCount;

};

singleton* singleton::pInstance = 0;

int        singleton::refCount  = 0;

7. Write all the code for a class providing instances that:

a. Behave like standard C++ strings.

b. Write major and minor titles – you choose the formatting.

c. Provide indenting, where the indent level is specified once and is consistent across all instances.

class LikeAString : public std::string

{

public:

  LikeAString(const std::string& s) : std::string(s) {}

  void setIndent(unsigned int ind) { _indent = ind; }

  std::string indent()

  {

    std::string prefix(_indent,' ');

    return prefix.append(*this);

  }

  std::string MajorTitle()

  {

    LikeAString boarder(std::string(size(),'='));

    boarder += '\n';

    std::string temp = boarder.indent();

    temp += this->indent();

    temp += std::string("\n") += boarder.indent();

    return temp;

  }

  std::string MinorTitle()

  {

    LikeAString boarder(std::string(size(),'-'));

    boarder += '\n';

    std::string temp = this->indent();

    temp += std::string("\n") += boarder.indent();

    return temp;

  }

private:

  static unsigned int _indent;

};

unsigned int LikeAString::_indent = 3;

std::ostream& operator<<(std::ostream& out, LikeAString& las)

{

  out << las.indent().c_str();

  return out;

}

8. Given the class declarations:

class A 
{ 
   public:  …
   private:
      std::string s; 
};

class B : public A 
{
   public: …
   private:
      std::vector<int>* pV;
};

Write the C++ code for a copy constructor for the class B.

B::B(const B& b) : A(b)
{

  pV = new std::vector<int>(*(b.pV));


  // uses vector copy constructor
};

9. You are given the definitions, assumed to compile and run correctly:

   class X : public Y { public: X func() { … } … };

Y y = X().func();

where the ellipsis indicates code not disclosed to you.  What can you say about the classes and invocation?

Because X::func() returns an instance of X by value, X must have a semantically correct copy constructor or the compiler generated copy must be correct.  X must either have a void constructor defined or have no constructors declared so that the compiler will generate one.  That is needed for the X() term in the expression, above.  

When the expression is evaluated, a temporary X is created by calling X::X() and Y::Y(), and func() is called on it to produce a copy of some X from within the body of func() or the temporary itself if func() returns *this.  The copy is created using X::X(const X&) and Y::Y(const Y&).  A  copy of Y is created on the returned X from func() to create y from the base part of the returned X.  This is done using Y::Y(const Y&).  Then ~X() and ~Y() are called to destroy the temporary.


10. State the Interface Segregation Principle.  How might you implement ISP?  Should we use this principle for design of Project #2 and its components?  If so, how?  If not, why not?

Clients should not be forced to depend upon interfaces they do not use.

We create interfaces to satisfy the needs of clients.  When a component has several different clients it is tempting to provide a large interface that satisfies the needs of all clients.


It is much better design to have the component support multiple interfaces, one appropriate for each client.  Otherwise, if we have to change an interface we affect even those clients that do not use the features we change.

One way to implement ISP was illustrated in class.  We demonstrated that a C++ class can support several separate interfaces and a client can query for an interface using dynamic_casts.  Another way to implement the ISP is to provide a set of mixin classes that an application inherits as needed.

The CSemiExp and CToker interfaces are both rather large.  Segregating the filtering interfaces would be simply and straight forward to implement.  Further partitioning may make an already rather complex class more complicated and I don’t think that further complicating either of those classes is a good idea.
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