CSE687 Object Oriented Design
Midterm #4                
  Spring 2006

Instructor’s Solution for CSE687 Midterm #4
Jim Fawcett
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 partial descriptions:

 

class D : public B { … };
 

B* f() { return new D; }

 

D d;
 

B& b = *f();

where the ellipsis, … , represents code not disclosed to you, under what conditions will this code successfully compile?  If it does compile, describe each of the operations that occur when the last statement is executed. 

Answer:

For the statement D d; to compile, both D and B must have publicly accessible constructors that can be called with no arguments – either default constructors or constructors with all parameters provided with default values.  If no destructors are defined for either of the classes the compiler will generate them.  Otherwise, compilation fails.

The statement B& b = *f(); will compile under the same circumstances as the D d; statement.  When f() is called, its single statement creates an instance of D on the C++ heap, calling the default constructor of D, which, as its first act, calls the default constructor of B.  f() returns the address of this object, statically typed as a base pointer.  The statement dereferences this pointer, yielding a derived object (Liskov Substitution) which is used to initialize a base reference, b, to the derived object.  Calls made on this base reference will be polymorphic.

Note that there are no assignments or copies made in either of these statements.  To de-allocate the heap instance, a user must delete the address of the b reference.



2. State the Open/Closed Principle.  How does it apply to the prototype supplied to you for Project #1
?  Why did your implementation satisfy, or fail to satisfy, the OCP?

Answer:

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

Definitions

a. Open:
A component is open if it is available for extension:

i. add data members and operations through inheritance.

ii. Create a new policy template argument for a class that accepts policies.

b. Closed:
A component is closed if it is available for use by other components but may not, itself, be changed, e.g., by putting it under configuration management, allowing read only access.


The Project #1 prototype used inheritance of rules from IRule and actions from IAction interfaces to support extension by allowing unlimited addition of new rules and actions.

If your design added rules by creating new classes derived from IRule and registering them with the parser, and if your design added actions by creating new classes derived from IAction and registering them with rules, then your design satisfied the OCP.  Otherwise, it probably did not.  
3. Describe function overriding.  Be as specific and complete as you can.  How does overriding relate to the specification of invariance in a class design?  How do you specify invariance?

Answer:

Function overriding is the process of defining, in a derived class, a function with exactly the same signature as a virtual function in one of its base classes.  The return type of the overriding function must be the same or covariant to the return type of the base class virtual function.  Covariant means that if the base class returns a pointer or reference to the base type, then the derived class returns a pointer or reference, respectively, to the derived class.

Invariance is expressed, in a class design, by use of non-virtual functions in a base class.  The base class is telling designers of derived classes that these function definitions should not be overridden.  Note that this applies to both functions in the public interface of a class and also to private and protected functions.



4. Provide all the code for a class that evaluates the maximum value and minimum value of the last n data points presented to it.  Assume that the type of data is unspecified, except that a total order is defined for the type, so every instance can be determined to be greater, the same, or less than every other instance of the type.

Answer:

template <typename T>

class RunningInterval

{

public:

  RunningInterval(size_t n) : interval(n) {}

  void addDataPoint(const T& t);

  T min() const;

  T max() const;

  size_t size() const { return runningList.size(); }

private:

  size_t interval;

  std::list<T> runningList;

  T eval(bool wantMax) const;

};

template <typename T>

void RunningInterval<T>::addDataPoint(const T& t)

{

  runningList.push_back(t);

  if(runningList.size() > interval)

    runningList.pop_front();

}

template <typename T>

T RunningInterval<T>::eval(bool wantMax) const

{ 

  T max_ = -RAND_MAX;

  T min_ = RAND_MAX;

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

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

  {

    if(max_ < *iter) max_ = *iter;

    if(min_ > *iter) min_ = *iter;

  }

  return wantMax ? max_ : min_;

}

template <typename T>

T RunningInterval<T>::min() const { return eval(false); }

template <typename T>

T RunningInterval<T>::max() const { return eval(true); }

5. Draw a UML class diagram that represents your design for Project #3
.  You do not need to show the methods and fields, just the classes and their relationships.  Describe all the types of class relationships illustrated by the diagram.

Answer:


















This design has the aProfileManager instance save its this pointer in PointerStore::pMgr when it is constructed.  Each profiler saves its this pointer in PointerStore::pProf when it is constructed and nulls it when it is destroyed.  Thus communication between the profile manager and profilers is as simple as using PointerStore::pMgr or PointerStore::pProf, checking, of course to make sure the pointers are non-null.

The class relationships are inheritance, composition, and using:

Composition is a strong ownership relationship, implying that the life-times of the owner and owned are the same.  C++ accomplishes this by making the owned a data member of the owner.  Aggregation is a weaker owning relationship, as the lifetimes of owner and owned are different.

Inheritance is an “is-a” relationship.  The PerfProfiler class inherits from IProfiler to be substitution compatible with any class that derives from this interface. 

The PerfProfiler class owns a HiResTimer instance by composition, and uses an instance of aProfileManager, owned by the AnnotatedCode’s main function, in order to send its results for display.  Using relationships imply no ownership. 

To satisfy extensibility requirements of Project #3 you may need to augment this design.
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Given code, below, please provide the definition of a copy constructor for D.

class B { public: … private: std::string s_; };
class D : public B { public: D(const D& d); … private: int i_; };

Answer:

class B 

{ 

public:

  B(std::string s) : s_(s) {}

  std::string& str() { return s_; }

  /* ... */ 

private: 

  std::string s_; 

};

class D : public B { 

public:

  D() : B(""), i_(0) {}

  D(const D& d);

  D& operator=(const D& d);

  int& value() { return i_; }

private: 

  int i_; 

};

/////////// answer here ///////////////////

D::D(const D& d) : B(d), i_(d.i_) {}

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

D& D::operator =(const D& d)

{

  if(this == &d) return *this;

  static_cast<B>(*this) = d;

  i_ = d.i_;

  return *this;

}

7. Expressiveness is the ability of a programming language to capture software designs in an elegant, efficient manner, using the context of the original specification domain.  That is, the language must represent a design efficiently in terms familiar to domain experts.  Would you say that C++ is an expressive language?  Why, or why not?

Answer:

I find C++ to be the most expressive of any that I have used
.  It provides the following features that support creation of expressive source code:


a. Operator overloading allows a designer of scientific computing software to express algorithms using virtually the same syntax he would use with text descriptions of the algorithms.  This makes understanding and debugging the code much simpler.

b. Templates allow a designer to clearly express intended variation of types, policies, and traits, used in her designs.

c. Inheritance allows a designer to clearly express type categories and specializations as well as the variant and invariant parts of a design.

d. Multiple inheritance allows a designer to clearly indicate a combination of behaviors acquired from simple, orthogonal classes.  Recall the simple refCounting base class used to endow objects with reference counting ability.

e. C++ supports a class owning instances or pointers to instances of types, and can therefore adopt either deep copy or shallow reference semantics, whichever most closely matches the behavior of application entities.
f. C++ references support the clear enunciation of a part-of relationship.  A designer can provide a member function that returns a C++ reference to a (well encapsulated) member instance to allow clients to interact with that part as an entity, using the protocol established for the part.

8. What does the keyword const mean?  Please be sure that you describe all meanings supported by the standard C++ language.  Be as precise and complete as you can.  Can you think of any connection between the const qualifier and promotion of one type to another?

Answer:

The keyword const has two meanings.  When applied to an object declaration, it implies that the following context will do nothing to change the state of the object.

 
const int x;
// the value of x is invariant in this scope
 
void aFunction(const std::string& s);
 


// the value of s will not change in the scope of aFunction

When applied to a member function of a class, e.g., 

 
void C::yourFun(std::string& s) const;

it implies that the function body will do nothing to change the state of the object on which the function is invoked, e.g.:


std::string s = “a string”;

C c; c.yourFun(s);

yourFun will do nothing to change the state of c.  It says nothing about whether s is changed.

When a temporary is passed by reference to a function, as in: 

 
aFunction(“this is a string”)

compilation will fail unless the argument being passed the temporary is const.  The reason for this is that the compiler realizes that the temporary will be discarded (or deallocated) after the call, but a non-const reference implies the return of a side effect.  These two things don’t make sense together, so the compiler balks.  

The result is that, if, and only if, you provide a const reference argument to a function, the compiler will support a promotion to convert the passed instance to the type the function expects, provided that an appropriate conversion is defined, either by the language, the standard library, or by your code.

9. Given that a class D is publicly derived from a class B, but both classes are otherwise unspecified, write a function that returns an instance of D attached to a pointer statically typed to point to an instance of B.  Will this function always succeed?  Explain.

Answer:

class B

{

public:

  virtual ~B() {}

  virtual void say()

  {

    std::cout << "\n  I am a " << typeid(*this).name();

  }

};

class D : public B

{

};


//// answer here //////////////////////////

B* Creator() { return new D; }

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


void main()

{

  B* pB = Creator();

  pB->say();

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

}

The Creator function will succeed provided that B and D both provide default constructors, constructors with all parameters endowed with default values, or no constructors.  In this last case, the compiler will generate default constructors.  The initialization of the B* pointer will always succeed, provided that D derives from B.  That is guaranteed by the language.

10. How can you arrange for a statement to be executed after your program leaves the scope of its main function?

Answer:

There are two ways to accomplish this: place the statement in the destructor of some class, and declare an instance of the class at global scope, perhaps just before main, or declare the instance as static in some scopy, perhaps in main.

You’ve seen me do that for cosmetic reasons, in several handout examples.  You are invited to walk through the code MT4Q10 with the debugger to see that non-static instances declared in main are destroyed at the last statement of main, e.g., the “{“, but the global and static instances don’t get destroyed until later in the process’s exit code.


� EMBED Visio.Drawing.11  ���
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� The statement for Project #1 is attached at the end of this package.


� The statement for Project #3 is appended to this exam packet.


� That list includes X86 and RT11 assembler, Fortran, Pascal, Lisp, C, C++, C#, Forth, GAP and Zoom (these were weird languages developed for a GE computer many years ago), a little Ruby and a little Basic in several of its variant forms.
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