CSE687 Object Oriented Design
Midterm #1                
Spring 2004


Midterm #1 – 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. Write a declaration for a class that represents a running average of any specified numeric type.  That is, an instance of the class maintains an average of the last n data points presented to it, where n is specified by the user.

template <typename T>

class RunAvg

{

public:

  RunAvg(unsigned int N);

  void add(const T& t);

  T avg() const;

private:

  unsigned int _N;

  std::list<T> store;

};


///////////////////////////////////////////////
// below is not required for complete answer


template <typename T>

RunAvg<T>::RunAvg(unsigned int N) : _N(N) {}

template <typename T>

void RunAvg<T>::add(const T& t)

{

  store.push_back(t);

  if(store.size() > _N)

    store.pop_front();

}

template <typename T>

T RunAvg<T>::avg() const

{

  if(store.size() == 0)

    return 0;

  T sum = 0;

  std::list<T>::const_iterator iter;

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

    sum += *iter;

  return sum/store.size();

}

2. Sketch a UML class diagram that represents your design of a network-based image server.  That is, a user can connect a client to the server, and browse through a collection of images, organized by category, and select a sequence of images for a slide show that will run in the client.  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.


You may show all the communication parts, e.g., serverProxy, Comm, serverGateway, serverRequestHandler, and serverResponseHandler as a single item without loss of score.  The main requirement here is to define tasks and allocate them to classes in a way that the reader can understand.  It should be clear how the parts are created and you should address each of the aspects of the problem statement, e.g., network communication, image collection, image categories and slideshow.
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3. Write all the code for a class with instances that: 
a. Provide access to a shared list anywhere in any program that has access to the class definitions.

b. Allow more than one shared list to be defined.

c. Support any specified list element type that provides correct copy and assignment semantics.


Using an integer parameter in a template supports the definition of more than one shared list, e.g., SharedList<double,1>, SharedList<double,2>, …
The list must be a static data member to be shared.

template <typename T, int i=0>

class SharedList

{

public:

  std::list<T>& getList() { return shared; }

private:

  static std::list<T> shared;

};

template <typename T, int i>

std::list<T> SharedList<T,i>::shared;

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

   class X : public Y { … };
int I = X()[“a string”] ;

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

/////////////////////////////////////////////////////
// code not required for complete solution

class Y

{

public:

  Y() { std::cout << "\n  Y()"; }

};

class X : public Y

{

public:

  X() { std::cout << "\n  X()"; }

  int operator[](const std::string& str) 

  {  

    return str.size();

  }

};

int main()

{

  int i = X()["a string"];

  std::cout << "\n  length of \"a string\" = " << i << "\n\n";

  return 0;

}

X must provide no constructors or must define a void constructor so X() will be defined.  It must also define int X::operator[](const std::string& s).

The invocation starts by creating a temporary X object, using its default ctor.  It then invokes X::operator[](“a string”), returning an integer – could be the length of the literal string or a value matching the key “a string”.

Another possibility is that Y is a map<std::string,int> or multimap, so every X instance will have the indexer[].
5. 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?

 
void myFun1(Y y);


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


myFun2(X());
 
void 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. 
6. State the Liskov Substitution Principle.  How do classes and objects relate to this principle?  How does this principle apply to Project #2.  Please be as specific as possible.

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.

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.
f. Clients must not use dynamic_cast to access derived class specific operations.


Project #2 uses filters in the CToker class derived from ITokenFilter, and it uses filters in the CSemiExp class derived from ISemiFilter.  LSP requires both interfaces to define virtual destructors and requires derived classes to override the interface pure virtual functions, but resist overloading these functions.

7. how would you design a class, X, so that the statement below:

 
X(atag).body(X(btag).body(“a body”));

produces this string:

 
“<atag><btag>a body</btag></atag>”


Defining <atag>some text</atag> as an XML element, then X’s constructor accepts the element tag and saves it.  The X::body(…) function accepts a body string, which may be another element, appends it to the opening tag with markup, <atag>, and then appends the closing tag with markup, e.g., </atag>.

class element : public std::string

{

public:

  element(const std::string& tag) : _tag(tag)

  {

    append("<").append(tag).append(">");

  }

  void body(const std::string& b)

  {

    append(b).append("</").append(_tag).append(">");

  }

private:

  std::string _tag;

};

int main()

{

  element e1("atag");

  element e2("btag");

  e2.body("b body");

  element e3("ctag");

  e3.body("c body");

  e1.body(e2 + e3);

  std::cout << "\n  " << e1 << "\n\n";

}

8. 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(); …
};

Describe or Draw a sketch showing the vtables and code spaces for A and B.  How would you attempt to access mf4, using a pointer typed as A*?


Access B::mf4 using a dynamic cast:

   B b;  A* pA = &b;
   if(dynamic_cast<B*>(pA))
      dynamic_cast<B*>(pA)->mf4();
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9. 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 an assignment operator for the class B.


B& B::operator =(const B& b)
{
  if(this != &b)

  {

    (A&)*this = b;

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

  // this works too
  //  pV = new std::vector<int>();

  //  for(unsigned int i=0; i<b.pV->size(); ++i)

  //    pV->push_back((*b.pV)[i]);

  }

  return *this;

}

10.  What is polymorphism?

Run-time polymorphism is the dynamic binding of an instance of a derived class to a client only in terms of its base abstraction.  The abstraction, possibly an abstract base class, provides a protocol for the client to use in all interactions with any instance of any derived class.  All virtual function invocations are polymorphic.

”To get polymorphic behavior in C++, the member functions called must be virtual and objects must be manipulated through pointers or references.”  Page 312, Stroustrup, The C++ Programming Language.

Compile-time polymorphism is the binding of a template parameter to a predefined template-based class.

”…, what virtual functions provide is called run-time polymorphism, and what templates offer is called compile-time polymorphism, or parametric polymorphism.”  Page 347, Stroustrup, The C++ Programming Language.

Note that function overloading is not polymorphism (as some texts claim).  Overloads are simply different names for different functions that happen to have the same identifier.  The distinguishing name for a function in C++ is the function identifier concatenated with the types of each of its arguments, in order.
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