CSE687 Object Oriented Design
Midterm #4                
  Spring 2010

CSE687 Midterm #4
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. Which of the principles: LSP, OCP, DIP, and ISP
, applies to Project #3
?  Pick one, provide a statement for the principle, and discuss why it applies.  Note that there are two quite different parts for this project and your answer should address each.

Answer:

The rule-based design inspector will use the Parser project discussed in class at the beginning of the semester or something quite like it.  The parser uses derived rules via base IRule pointers.  The rules, in turn, use derived actions via base IAction pointers.  This use of polymorphism makes the parser very flexible.  You can add new rules and new actions at any time without affecting in any way the rest of the code in your analysis application.

So including the Parser code means that you are using Liskov Substitution (LSP) since the parser depends on using derived rules through the IRule interface and rules depend on using derived actions throught the IAction interface.  

It will also satisfy the Open Closed Principle (OCP) since analysis rules are added without changing any of the parser code.  

Dependency Inversion (DIP) applies since the instances bound to the Parsers IRule container are placed there with a factory derived from the IBuilder interface.

It doesn’t appear that the Interface Segregation Principle (ISP) applies.

The statements of each principle can be found here:
www.ecs.syr.edu/faculty/fawcett/handouts/cse687/Presentations/Principles.ppt. 


The Object Inspector will need two parts.  One part is implemented with a type of which instances are placed in each function to be inspected, perhaps by an annotator (code you write for that purpose).  The other part is an inspection manager that initializes a log and interprets it when the inspected operations complete.  Since we may want to add new inspection operations after using the inspector for awhile, it seems natural to use interfaces so the manager can communicate with any type of inspecting object we may later define.  So LSP and OCP apply.  Whether DIP or ISP applies depends on the details of the design.
2. Write code for a non-virtual clone() function that is a member of a base class, is correctly inherited by every derived class, and returns a base class pointer bound to a copy of the derived class on which it is called, created on the heap.

Answer: (see MT4Q2b for code that doesn’t use IBase)

class IBase { public: virtual std::string id()=0; };

template <typename D>
class Base : public IBase

{

public:

  IBase* clone() 

  { 
    // dynamic_cast required since compiler doesn’t know that
    // D will derive from B and hence from IBase
    D* pD = dynamic_cast<D*>(this);

    if(pD == 0) throw std::exception("D must derive from Base");

    return new D(*pD); 

  }

  virtual std::string id() 

  { 

    return std::string("\n  my id is: ") + typeid(Base<D>).name(); 

  }

  virtual ~Base() {}

};

class Derived1 : public Base<Derived1>  // curiously recurring
{                                       // template pattern
public:

  Derived1(const std::string& msg) : msg_(msg) {}

  // will use inherited clone()

  virtual std::string id() 

  { 

    std::string temp = "\n  my id is: ";

    temp += typeid(*this).name();

    return temp;

  } 

private:

  std::string msg_;

};

void main()

{

  std::cout << "\n  MT1Q1 demonstration";

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

  Base<Derived1> b;

  std::cout << b.id().c_str() << std::endl;;

  Derived1 d1("Hello CSE687");

  IBase* pB = d1.clone();

  std::cout << pB->id().c_str() << std::endl;;

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

} 

3. What is meant by the term “polymorphism” in the context of object oriented design.  How does C++ implement that capability?  Show a sketch to illustrate the content of your answer.

Answer:

Polymorphism describes the ability of code using a base class pointer or reference to bind to an instance of a class derived from base, so the bound object determines how to handle all calls to its virtual functions.  This allows the calling code to be ignorant of the implementation details that distinguish the various derived classes.

This binding mechanism is implemented using virtual function pointer tables as shown in the figure below.

Note that Stroustrup also defines compile-time polymorphism to be the application of templates.  I don’t use the term polymorphism in connection with templates, but if you have for your answer you will get some credit for that.
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4. Given the following code:

class U { /* code not specified here */ };

class A { /* code not specified here */ private: U& u_; };
class B { /* code not specified here */ private: A* pA; };
class D : public B { /* code not specified here */ };

For which of these classes should you write copy constructors, destructors, and assignment operators.  For those cases where you don’t, what should you do and/or write?

Answer:

Since class U has no data members, compiler generated operations are correct.  So we should not provide any.

Class A has a reference data member, so assignment won’t work correctly as you cannot reset a C++ reference.  You need to declare the assignment operator as private and provide a copy constructor so the copy has a reference to the same instance of U (it’s possible the compiler would do the copy correctly, but I wouldn’t count on it).  There is no need for a destructor since there is nothing to destroy (classes don’t own their reference members).

Class B needs a copy constructor to set its pA to point to an instance of A made with a deep copy from the source.  B can be assigned since it aggregates an instance of un-assignable but copy-able A, so delete the old A instance and copy construct a new one on the heap.  B needs a destructor to delete its instance of A on the heap.  That destructor should be virtual since D will use B as a base.

Class D can use compiler generated copy, assignment, and destruction, since it has no data members and its base, B, has correct copy, assignment, and destruction semantics.  Note that the copy problem we identified in DemInher 2a happens only if you declare the copy constructor but don’t implement it properly.  Compiler generated copy constructor works fine in this case, as stated above.
5. Write a template-based Assert class that provides a function taking a Boolean argument which throws an exception when the argument is false.  Code using this class should look like this:

 
Assert<Test_Something>::that(predicate == true);

where Test_Something is the name of a class that only provides its name and a single public function, std::string what(), that returns the name of the template argument class.

Answer:


class Test  // see MT4Q5.cpp for all the details
{ 

public:

  virtual ~Test() {}

  std::string what() 

  { 

    std::string temp = typeid(*this).name();

    temp += std::string(" failed"); 

    return temp;

  }

};

template<class E>

class Assert

{

public:

  template<class A>

  static void that(A a)

  {

    if(!a)

      throw E();

  }

};

class Test_Alloc : public Test { };

class Widget { };

void main()

{

  Widget* pWidget = 0;

  // some code that tries to allocate a widget

  try {

    Assert<Test_Alloc>::that(pWidget != 0);

  }

  catch(Test_Alloc& ta)

  {

    std::cout << "\n\n  "  << ta.what().c_str() << "\n\n";

  }

}

6. What is the purpose of a virtual destructor?  Where would you always find one in correct code?  Can you define a virtual constructor?

Answer:

When an instance of a derived class is created on the heap with operator new and bound to a base class pointer, it must eventually be deallocated by calling delete on the pointer.  That deletion operation will not be correct unless its base declares its destructor as virtual.  

If the base’s destructor is not virtual, calling delete on the base pointer calls only the base destructor even if the pointer is bound to a derived instance.

If the base’s destructor is declared to be virtual, calling delete on a base pointer bound to a derived object will call the derived’s delete which, in turn, calls the base destructor.

C++ constructors cannot be qualified as virtual.  However, you can define a virtual clone() function that returns a base class pointer bound to a new copy of the derived instance on which clone() is called.  This allows code to make copies of derived objects knowing only their base type.  See my answer to Question #2 in this examination package.


7. In Project #3 you will be building object inspector classes that can be used to trace function calls, log data, and trace allocation and deallocation of resources.  How would the use of templates support the design of these facilities?  
 
Answer:

You don’t want to write a version of the tracer class for each type of data you want to log, so you will need to make at least part of that class a template member.  See MT3Q1.cpp for an example.  There we derive the tracer from std::ostringstream so it behaves like a stream.  Specifically, we can insert values for any type with a template-based insertion operator into the stream which results in writing them to the tracer’s log.  

In the demo cited, we make tracer’s member insertion operator a template so the compiler will use type inference to write the correct insertion function.

We left definition of the allocation and deallocation operations for you to work out as part of your design for Project #3, but its clear that, since we will need to allocate and deallocate different types of objects that we will need templates here as well.






� Liskov Substituion Principle (LSP), Open Closed Principle (OCP), Dependency Inversion Prinicple (DIP), and Interface Segregation Principle (ISP)


� The Project #3 statement is attached at the end of this exam package.





