CSE687 Object Oriented Design
Midterm #2                
  Spring 2007

CSE687 Midterm #2
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. State the Open/Closed principle, explain its meaning, and cite one example of its use from among the code examples that have been handed out in class.

Answer:

Software entities (classes, modules, functions) should be open for extension, but closed for modification.

The Open/Closed principle is a goal that is never completely achievable.  The intent is to compose a system from reusable components that are never changed but support extensions by supporting the derivation of application specific derived classes from base class “hooks” provided by the reusable component, or with template policies.  We combine these invariant parts with software bridges, we’ll call glue, to make a functioning system.  Often we are satisfied to design to invariant interfaces, extending their protocols with application specific derived classes.

The Nav component, from Handouts/cse687/code/fileInfo, contains no application specific code, but supports applications by providing the defProc base class hook to provide an application with directory and file information.  Another example is the Hashtable, discussed in class, which uses a Hash policy for different key types.



2. Suppose that two classes D1 and D2 are both derived from a base class B.  Given a pointer of type D1* and reference of type D1& is it possible to cast these to a pointer or reference to D2?  If so, write code to show how, and describe under what conditions that code compiles and under what conditions execution of the code is correct.  Why might you do this?

Answer:

class B
{

public:

  virtual ~B() {}

  virtual void say() { std::cout << "\n  I am a B object"; }

};

class D1 : public B

{

public:

  virtual void say() { std::cout << "\n  I am a D1 object"; }

};

class D2 : public B

{

public:

  virtual void say() { std::cout << "\n  I am a D2 object"; }

  void unique() { std::cout << "\n  function unique to D2"; }

};

void main()

{

  D1* pD1 = new D1;

  /////////////////////////////////////////

  // dynamic_cast fails because pD1

  // does not point to a D2 object

  D2* pD2 = dynamic_cast<D2*>(pD1);

  if(pD2)

    std::cout << "\n  dynamic_cast succeeded";

  else

    std::cout << "\n  dynamic_cast failed";

  ////////////////////////////////////////

  // applies D1::say() and D2::unique()

  // to D1 object

  pD2 = reinterpret_cast<D2*>(pD1);

  pD2->say();

  pD2->unique();

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

}

Yes, it is possible to cross-cast between sibling derived classes, but only with a reinterpret_cast.  This breaks type safety, by permitting non-polymorphic part of D2 interface to act on D1 instance.  See code MT2Q2 for corresponding treatment of references, and for reasons why you might want to use this risky operation.  


3. A Scope Stack is a Last-In/First-Out (LIFO) container that is used to keep track of the current scope during code analysis.  Please write all the code to declare and implement this data structure, using one of the STL containers.  Part of the answer to this question is to describe the information that must be stored and another part is to decide on an appropriate interface for the Scope Stack.

Answer:

class ScopeStack
{

public:

  enum ScopeType { namespace_key, class_key, funct, contrl, anonymous };

  typedef std::pair<ScopeType,std::string> scope;

  void push(const scope& s);

  scope pop();

  size_t size();

  scope top();

private:

  std::stack<scope> _sstack;

};

void ScopeStack::push(const scope& s)

{

  _sstack.push(s);

}

ScopeStack::scope ScopeStack::pop()

{

  scope temp = _sstack.top();

  _sstack.pop();

  return temp;

}

ScopeStack::scope ScopeStack::top()

{

  return _sstack.top();

}

size_t ScopeStack::size()

{

  return _sstack.size();

}
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4. What is meant by the term “Deep Copy Object Model”.

Answer:

The deep copy model is the basis for the design of the C++ language.  This model supports the copying of object composition hierarchies, keeping references unique.  That is, a deep copy model supports making deep copies.  For example, if a string holds some specific sequence of characters in an array on the heap, we can copy construct a new string that has the same characters copied into an new heap array.  The two strings do not, as in the shallow reference model, end up pointing to the same character array.

In order to implement the deep copy model, C++ supports creation of copy constructors to effect deep copies and definition of assignment operators to support deep assignments.  It is up to the class designer to ensure that these operations are correct.   The language implicitly calls these operations wherever code you write implies a copy or assignment.



5. Write code for a function that will find the sum of all the values of the elements in an STL container of type vector, list, or set.  You don’t know the types of the container’s template parameters.  Under what conditions will this code compile?

Answer:

template <typename C>
typename C::value_type sumInContainer(C& c)

{

  C::iterator iter = c.begin();

  C::value_type sum = 0;

  while(iter != c.end())

  {

    sum += *iter;

    ++iter;

  }

  return sum;

}
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6. Draw a UML class diagram that represents your design for Project #2
.  Discuss possible uses of policies and traits in this design.  Did you use policies and traits?

Answer:
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A trait is an invariant typedef alias for template parameter(s) that vary with instantiation.  They provide a way to declare a type that is unknown at template class or function design time.

Useful traits for the graph class would be:

typedef vertex_type V;
typedef edge_type E;
typedef vector< vertex<V,E>* >::iterator iterator;   in adjlist class
typedef adjlist<V,E>::iterator iterator;  in graph class

A policy is a template parameter intended to support the modification of a class’s behavior based on the type of the policy class.

A useful policy would be SearchPolicy which could be either DFS or BFS.


7. Given the classes:


class B { public: virtual void f1(const B& b); B f2(); … };

class D : public B { public: void f1(const B& b); virtual B* f3(); … };

Sketch the virtual function pointer table(s) that apply to these classes.  Show, in your sketch, or write code to show, how a client can use an instance of one of these classes polymorphically.

Answer:
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D d;
B* pB = &d;
pB -> f1(d);  // calls D::f1 passing base reference to D object d





8. What does the term cohesive mean?  What would you do to make a software component
, of your design, cohesive?

Answer:

A component is cohesive if its functionality is focused on a single activity or a very small set of intimately related activities.  Cohesive components are usually easy to understand and are more likely to be easy to maintain than non-cohesive components. 

You can tell if a module is cohesive by looking at its manual page.  If the manual information describes one activity, say reading tokens from a stream, then we know that the module is cohesive.  If the manual page uses a lot of conjunctions, e.g., this and this and this and this and …,  you can be quite sure that the module is not cohesive.

To improve cohesiveness of a component you should factor out any activities not focused on its main responsibility, into other helper components.  To create cohesive components from the beginning, build bottoms-up, creating small focused classes and modules that aid higher level modules to fill their responsibilities.






� The statement for Project #2 is appended to this exam packet.


� A component is a function, class, or module.
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