CSE687 Object Oriented Design
Midterm #1                
  Spring 2008

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. Draw a UML class diagram that represents your design for Project #3
.  Describe all the types of class relationships illustrated by the diagram.

Answer:

The SenderExec creates Comm and DatatMgr; and the RecvrExec creates Comm, ObjectFactory, and Display instances at run-time, so the Executives have  aggregation relationships with those instances.  The ObjectFactory composes a Deserializer which in turn composes an XMLParser.  The SenderExec’s DataMgr composes a Serializer which composes an XMLParser, as well.  The Display has a  using relationship with IDemo, bound to some Wrapper.  Finally, SenderExec’s Comm uses RecvrExec’s Comm to send messages.

To avoid writing a lot of repetitive code, IDemo provides an interface for the Display object to use to display any of the instantiated containers.  Wrapper inherits the interface contract from IDemo and overrides a virtual show() function to display the container type passed to it by the ObjectFactory.  It gets the details to display from its wrapped instance, via implementation inheritance – here, we’ve shown a queue<std::string> as the wrapped type.
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2. Given the partial descriptions:


class C { … }; class B { … private: C* pC; }; class D : public B { … };

Write copy constructors for classes B and D, assuming that all the data members of B and D are shown.  Explain all the operations that occur when the following code is executed:

 
D d1, d2;  D d3 = d2 = d1;

Answer:

  B::B(const B& b) : pC(new C(*(b.pC))) {}
  D::D(const D& d) : B(d) {}

The first statement creates instances d1 and d2 of D using its default constructor if it has one, otherwise the statement fails to compile, since we have provided copy constructor definitions.  The first action of the D() constructor is to call the default B constructor through its initializer, which must do something sensible with its pointer to C, presumably by creating an instance of that class.

The second statement copy constructs the d3 instance from the state of d2, using the B copy constructor for its base part, as shown above. Before copying, the sate of d2 is modified through assignment from the state of d1.  The assignment uses the base B assignment operator to assign the base parts, then continues by assigning any fields of the D class – none in the code above.  The B assignment must delete its owned C instance, which calls the C destructor, then it creates a copy of the assignment source’s C instance.


3. Given the definition of some type T, how would you support the sharing of an instance of that type in code that has seen the declaration of T in some header file , regardless of the scope of that code?

Answer:

To share independent of scope, the T instance must be in static memory.  The easy way to do that is to create a sharing class that holds the shared T instance as a static variable and provides an accessor function, probably returning a reference to the shared T.  Now, any code that wants to share the instance simply declares an instance of the sharing class and uses the accessor.

template <typename T>
class sharing
{

public:

  T& value() { return t_; }
private:

  static T t_;
};

template <typename T>
T sharing<T>::t_ = 0;

void scopeOne()
{

  sharing<double> s;

  std::cout << "\n  shared value is: " << s.value();
  s.value() = -9.99999;
}

void scopeTwo()
{

  sharing<double> s;

  std::cout << "\n  shared value is: " << s.value();
  s.value() = 0.00001;
}

4. When discussing the design of a template class, what is meant by the terms policy and trait.  Cite an example of a template policy discussed in class.  Show how you would define a value_type trait.

Answer:

A template policy is a class, used as a template parameter, intended to modify the behavior of the class in some sensible way.  The HashString class is a policy used by the HashTable type, discussed in class, to support hashing strings for HashTable<keyType, valueType, HashType>.  Similarly, HashDouble class is used in the same policy parameter to support hashing of doubles.

A template trait is a typedef used to provide a universal name for a template parameter.  We do this so we can write functions that operate on instances template classes, but are written before we know the specific types that will be used to instantiate the class.  In the HashTable class we define the traits:

 
typedef    key
key_type;
 
typedef    value 
value_type;

5. What is polymorphism?  State one of the principles we’ve covered in class and discuss how it relates to polymorphism.  Why is this important?

Answer:

Polymorphism is the process of binding, at run-time, an instance of a derived type to a pointer or reference of the static type of its base.  This allows users of the pointer or reference to interact with any derived instance, knowing only the contract provided by the base class protocol, e.g., its public interface.

The Liskov Substitution Principle says that an Object Oriented Language must provide this through substitution, e.g., code that uses a pointer or reference to an instance of a base class, must be able to use, instead, pointers or references to classes derived from that base without knowledge of the types being used.

This feature is one means for building extensible systems.  As we need new operations, we simply define new types derived from the base and substitute them on demand.  The other feature, provided by C++ to extend existing code, is the template facility, a very powerful way of providing compile-time extensibility.
6. Write code for a Node class that owns an instance of an unspecified type and can point to another node.  Now construct a singly linked list of five nodes on the C++ heap, holding the integer values from 0 to 4.  Note that this does not ask you to create or use a list class.  Finally write code to walk an arbitrary linked list of these nodes starting with a pointer to the first node.

Answer:

template <typename T>
class Node
{

public:

  Node(Node<T>* pNode, const T& t=0) : next_(pNode), t_(t) {};
  T& value() { return t_; }
  Node<T>*& next() { return next_; }
  // Compiler generated copy and assignment are shallow.
  // That makes sense for a Node class.
private:

  Node<T>* next_;
  T t_;
};

template <typename T>
void walkList(Node<T>* pNode)
{

  std::cout << "\n  " << pNode->value();
  if(pNode->next() != 0)

    walkList(pNode->next());
}

void main()
{

  Node<int> n0(0,4);

  Node<int> n1(&n0,3);

  Node<int> n2(&n1,2);

  Node<int> n3(&n2,1);

  Node<int> n4(&n3,0);

  walkList(&n4);
  std::cout << "\n\n";

}



7. Describe how you would design a C++ module so that its source code can be modified and rebuilt without requiring the rebuilding of any of its clients.

Answer:

If the module provides:

a. An interface (abstract class with all pure virtual functions and no data members) with operations that support all the module’s activities.

b. An object factory to create instances of all the classes that define module operations.

c. An implementation class (or classes) that provide the functionality promised by the interface.

d. The necessary declarations to build the module as a dynamic link library.

Modifications can then be made to the module’s code, it can be rebuilt, and the new library can be placed into a folder where clients will load it, without requiring any changes to the clients’ code.  They simply use the new library the next time they run, as long as they access the module’s operations through its interface, and use its object factory to create instances that they use, directly or indirectly.







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