CSE687 Object Oriented Design
Midterm #1                
  Spring 2010

CSE687 Midterm #1

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. Write all the code for a class that can be used to share an instance of any type across function scopes.  Please write code that shows how client code might use this sharing resource.

Answer:


typedef std::vector<std::string> vecStr;

template <typename T, int i=1>

class shared

{

public:

  static T& value() { return shared_t; }

private:

  static T shared_t;

};

template <typename T, int i>

T shared<T,i>::shared_t;

void fun1()

{

  std::cout << "\n  in fun1(), setting shared to 3";

  shared<int>::value() = 3;

}

void fun2()

{

  std::cout << "\n  in fun2(), value of shared is: " << shared<int>::value();

  std::cout << "\n  in fun2(), setting value of shared to -2";

  shared<int>::value() = -2;

}

void fun3()

{

  // copy temporary std::vector<std::string> into shared

  vecStr* pVecStr = new vecStr();

  shared<vecStr>::value() = *pVecStr;

  delete pVecStr;

  // and use the shared vector

  shared<vecStr>::value().push_back("aardvark");

  shared<vecStr>::value().push_back("platypus");

}

void main()

{

  std::cout << "\n  MT4Q1 Demonstration";

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

  fun1();

  fun2();

  std::cout << "\n  value of shared in main is: " << shared<int>::value();

  std::cout << "\n";

  fun3();

  std::cout << "\n  values from shared vector:";

  for(size_t i=0; i<shared<vecStr>::value().size(); ++i)

    std::cout << "\n    " << shared<vecStr>::value()[i];

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

}
2. 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 */ };

Write code for assignment operators and destructors for each of these classes when that makes sense.  If it doesn’t make sense to do that, discuss why it does not.  You may assume that all of the data members of each class have been shown to you, above.
Answer:

The C++ compiler will generate copy constructors, assignment operators, and destructors if you don’t declare them.  The generated operations are correct if, and only if, all the bases and data members have correct copy, assignment, and destruction semantics.

U has no data members so all compiler generated operations are correct.  No code is necessary.

A holds a C++ reference to an instance of U, which can be copied but cannot be reset.  Therefore you must:

· Write a copy constructor that initializes its U to the same instance referenced by the A source instance.

· Make its assignment operator private and don’t implement

You don’t need a destructor since you don’t own the U instance and so should not destroy it.

You need to define all three operations for B because it holds a pointer to an instance of A on the heap.

For D, all of the compiler generated operations are correct since its base B has provided the operations for copy, assignment, and destruction and it has no data members, so you shouldn’t implement these operations.

See Handouts\cse687\Midterm\MTSp10\MT1Q2 for code.

3. Which of the principles: LSP, OCP, DIP, and ISP
, applies to the use of the MTree class in Project #1
 in the instructor’s solution?  Pick one, provide a statement for the principle, and discuss why it applies.  Explain why it is possible to avoid putting any application specific detail in the MTree class.

Answer:


Liskov Substitution Principle (LSP) applies indirectly, e.g., to the Operation base class provided by the MTree package and used in the MTree walk functions.  Operation’s purpose is to provide a hook for applications to derive from to get operations carried out that the tree knows nothing about.  LSP applies directly to MTree as the XmlNode root pointer uses LSP to support holding the address of the derived XmlElement node.

Open Closed Principle (OCP) applies indirectly through the Operation hook that supports adding, at any future time, new operations applied to each node during a walk traversal, and through the use of templates in tree class.  That supports use of application specific node types without tree needing that knowledge.

Dependency Inversion Principle (DIP) does not apply completely, but MTree is close to using DIP.  There are no interfaces defined in MTree, but the Operation base serves the same purpose, and also provides default processing.  Similarly, there is no explicit factory in MTree, but client code plays that role by creating the objects that will be stored in the tree and manipulated by an application supplied class derived from Operation.  This structure is the reason that application specific code does not have to be put into MTree.

The MTree class does not apply the Interface Segregation Principle (ISP).  The XmlNode class could have, but did not choose to do so.


The statements of the principles can be found here: http://www.ecs.syr.edu/faculty/fawcett/handouts/CSE687/Presentations/Principles.ppt. 


4. Describe the use of polymorphism in two of the example projects discussed in class.  Why does use of polymorphism make that code loosely coupled?  Please explain in the context of the design of those projects, and present specifics, not generalities.

Answer:

The instructor’s solution of the XmlProcessing project, discussed in class, uses polymorphism to avoid putting any application specific detail into the MTree class and to make its code and that of XmlDocument relatively simple.  The tree holds an XmlNode pointer to the tree root and uses the base XmlNode time for all references  and operations on its nodes, which are, of course, instances of the derived classes XmlTextNode, XmlCommentNode, XmlProcInstrNode, and XmlElementNode.  The tree uses a base Operation pointer to invoke a derived operation on each node during a walk, and the derived Operation also uses the same polymorphic operations to manipulate the node it is handed as a base XmlNode type.

Another example is the Parser project that where 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.

Other examples from code folder are:
a. Command
b. DemInherit

c. FactoryForAbstractProduct

d. Interfaces

e. nonVirtualInterfaces

f. progToInterface

g. Relationships


We also discussed the Graphics Editor during the Hierarchy presentation.

5. Write a declaration for a template-based Array class that uses a bounds checking template policy.  Please write all the code for at least a copy constructor and index operators.  

Answer:

class NoBoundsCheck

{

public:

  template <size_t N>

  static void range_of(size_t i) {}

};

class BoundsCheck

{

public:

  template <size_t N>

  static void range_of(size_t i)

  {

    if(i<0 || N<= i)

      throw std::exception("range error");

  }

};

template<typename T, size_t N, typename Check>

class Array

{

public:

  Array();

  Array(const Array& a);

  ~Array();

  Array& operator=(const Array& a);

  T& operator[](size_t n);

  T operator[](size_t n) const;

private:

  T* array_;

};

template<typename T, size_t N, typename Check>

Array<T,N,Check>::Array(const Array& a) : array_(new T[N])

{

  for(size_t i=0; i<N; ++i)

    array_[i] = a.array_[i];

}

template<typename T, size_t N, typename Check>

T& Array<T,N,Check>::operator [](size_t n)

{

  Check::range_of<N>(n);

  return array_[n];

}

template<typename T, size_t N, typename Check>

T Array<T,N,Check>::operator [](size_t n) const

{

  Check::range_of<N>(n);

  return array_[n];

}

6. What are the differences between C++ interfaces, abstract classes, and concrete classes?  When would you use each?

Answer:

A C++ interface is a class or struct with all pure virtual functions, a virtual destructor, no constructors, and no data members.  All its members are public.  An interface is used as a contract for service that can be implemented by many different concrete classes without affecting the way a client will use that facility.

An abstract base class is a class that has at least one pure virtual function so that it can not be instantiated other than as an inner part of some deriving class’s instance.  An abstract base class usually has members that provide resources that are shared among all of the classes that inherit its definition, e.g., functions or things like containers, threads, and database connections.  So its primary purpose is to support sharing of common code and/or other resources.

Sometimes we want an interface to provide a static function to create instances of an implementing class.  Technically, because the static method must provide an implementation, this makes the class abstract rather than an interface
.

A concrete class is one that can be instantiated and must always be at the end of a derivation chain so that instances can be created.  They are what get work done in your application.  To be a concrete class it must provide definition for all of its base’s pure virtual methods.

7. How could you ensure that every class in some set owned an instance of some specific type?  How could you ensure that they all shared the same instance?  How could you ensure that they all share a common set of behaviors?  How could you ensure that they all share a common public interface?


Answer:
· Make the set inherit from some base class that provides the “owned” inner instance or composes some instance of the “owned” type.  All instances of the derived class belong to the set.   

Alternately, you could define a template class that owned an instance of the specific type.  Set membership is defined by instances of the template class with different template parameter types
. 


· To share the same instance across the deriving set, the base will make the “owned” composed instance a static member.  

Do the same thing with the alternate template class.


· All of the common behaviors must be non-virtual public functions so that derived classes do not change their behavior.  Other functions, of course, will very likely be virtual so that derived classes can modify their behavior.  


· All the classes in the (derived) set share the same public interface if their derivations are all public.

See Design Concept #8: Handouts\CSE687\Lectures\cse687designConcept8.htm 






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


� The Project #1 statement is attached at the end of this exam package.


� I’ve often, imprecisely, referred to such classes as interfaces, but they are in fact abstract classes.  Because of this imprecise usage on my part I have not taken off any credit over confusion about this point.


� The first answer is simple and direct.  This “alternate” answer is a bit of a stretch.  However, I gave full credit for this answer on one of the exams.





