CSE687 Object Oriented Design
MidTerm #2                
Spring 2003


Midterm #2 – Instructor’s Solution
Name:_________________________________  SUID:____________________

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 a declaration for a class that represents a queue.  By queue, we mean a data structure that accepts inputs and supports extraction of outputs in the order entered.  The items contained in the queue are instances of some unspecified type that the application designer will define.  Please provide declarations of members to insert and extract elements and perform some operation specified by the application developer as part of the extraction operation.

#include <list>

/* hook class for application specific processing */

class operation

{

  public:

    virtual ~operation();

    virtual void doOp() = 0;

};

/*
  Notes:

    - copy, assignment, and destruction operations are not 

      needed as compiler generated operations work correctly

    - could make operation a template policy, but passing to

      dequeue function allows us to bind to more than one 

      derived type at run time.

*/
template <typename T>

class queue

{

  public:

    queue();

    void enqueue(const T& t);

    T dequeue(operation& op);

  private:

    typedef std::list<T> queueList;

    queueList _ql;

};

/*
  Note: we use a list because we need to enqueue on one end

        and dequeue on the other end.

*/ 
template<typename T>

queue<T>::queue() {}

int main()

{

  queue<int> q;
  // statements using q
}

2. Draw a UML diagram representing the most important parts of your Project #2 design
.  How does the Liskov Substitution principle apply to your design?  If if does not, discuss how you would use inheritance to create a more loosely coupled design.
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The Liskov Substitution Principle applies to all properly designed public inheritance hierarchies.  An example of that is the scanProc base and its derived callsProc class.
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Define a class that allows the statements below to compile, and when used as shown, saves and restores the formatting state of the stream.

 

iostate::stream(std::cout);
 

iostate::save();

 

// do some formatting and output operations

 

iostate::restore();

#include <iostream>
#include “a little code from Midterm#1, Question #3”
typedef std::ios sios;

typedef std::ostream ostr;

// template argument allows you to save several stream states

//---- start of required answer -----------------
template<int index>

class iostate

{

public:

  static void stream(sios& stream) { _pStream = &stream; }

  static void save() { if(_pStream) _state = _pStream->flags(); }

  static void restore() { if(_pStream) _pStream->flags(_state); }

private:

  static long _state;

  static sios* _pStream;

};

template <int index>

sios* iostate<index>::_pStream = 0;

template <int index>

long  iostate<index>::_state = 0;

//---- end of required answer ----------------------
using namespace std;

int main()

{

  std::cout << "\n  stream state = " << cout.flags();

  iostate<1>::stream(std::cout);

  iostate<1>::save();

  std::cout.fill('.');

  std::cout << "\n  " << Left<15> << 3.1415927;

  std::cout << "\n  stream state = " << cout.flags();

  std::cout << "\n  " << Right<10> << -33;

  std::cout << "\n  stream state = " << cout.flags();

  iostate<1>::restore();

  std::cout << "\n  stream state = " << cout.flags() << "\n\n";

  return 0;

}

4. Suppose that the statement below compiles without error.

 

a(b<1>);

What can you say about a and about b?


The term b<1> is a template, instantiated on an int parameter.  Since there is nothing other than b<1> it must be a pointer to a function of the form:

 
template <int i>
 
someType b(some args);

We can’t decipher any more about b.  

Either a is a global function that can accept function pointers of b’s signature or a is the name of a class in our scope and we are creating a temporary instance, taking the function pointer b<1> as an argument.  

Here is one implementation that satisfies the above remarks.

#include <iostream>
template <int i>

int b(){ return 2*i; }

void a(int(*fptr)())

{

  std::cout << "\n  value = " << fptr() << "\n\n";

}

typedef int(*fptr)();

class c

{

public:

  c(fptr ptr) {}

};

int main()

{

  a(b<1>);

  c(b<1>);
  return 0;

}

5. Define both a base class and a class derived from the base that create copies of themselves.  Please design them so that a client could request a copy without knowing the type of object.  Show with code how a client would do this.

#include <iostream>

#include <string>

typedef std::string str;

//---- start of required answer, part 1 -----------
class B

{

public:

  virtual ~B() {};

  str say() { return typeid(*this).name(); }

  virtual B* make() { return new B(*this); }

};

class D : public B

{

public:

  D* make() { return new D(*this); }

};

//---- end of required answer, part 1 -------------
int main()

{

  B& obj1 = *B().make();


//---- start of required answer, part 2 -----------


  B& obj2 = *D().make();    // polymorphic creation
  B& obj3 = *obj2.make();   // client need not know 
 




   //        type of obj2
//---- end of required answer ---------------------


  B  obj4 = *D().make();

  D  obj5 = *D().make();

  std::cout << "\n  " << obj1.say();

  std::cout << "\n  " << obj2.say();

  std::cout << "\n  " << obj3.say();

  std::cout << "\n  " << obj4.say();

  std::cout << "\n  " << obj5.say() << "\n\n";

  return 0;

}

Summarize all the uses of inheritance that we have discussed in class.

Protocol Classes
Provide a language for client to use with any derived object.

Hooks
Provide a way for applications to define application specific processing in a library implemented before the application was created.

Mixin Classes
Provide a set of base classes that can be selected, using multiple inheritance, to tailor specific behaviors of an object we are designing.

Sharing common code
Implement common code in base class non-virtual functions which is then automatically shared by every derived class object.
 
Reusing Implementation
Inherit from a concrete base class to provide all its behaviors without implementing any of them.


6. How can a design use an instance of a class without forming a compilation dependency on that class?

It must access instances of that class through an interface and it must have some other component create the object on its behalf.  This can be done using a static creational function so the class creates its own objects, or the client can use an object factory.

Here, by interface, we mean an abstract base class with no constructors, destructors, data members, and at least one pure virtual function.
7. Suppose you declare Widget& _widget; in the private area of a class you are designing.  What kind of relationship do you have with the _widget instance?  What are your responsibilities with respect to the life-time of _widget?


Since _widget is a reference to an instance of Widget, we did not create it.  We know that because we had to initialize the _widget reference in any constructor of our class from an existing Widget instance.

Thus, we do not own the _widget, we are simply using it, and we must not destroy it, e.g., we should not try to exert any control over the life-time of the original Widget object, to which we refer with _widget.


8. What are all the advantages, when designing a function, of passing an argument by constant reference?  Are there any disadvantages? 

Passing by reference has a performance advantage over passing by value since only a single pointer, which we don’t see in our code, is copied onto the stack frame of our function, instead of a possibly very large object.

Passing by reference also means that we can pass a derived object to the function and it can make polymorphic calls to the object’s member functions.

Using the constant qualifier prevents side-effects, e.g., changes to the caller’s object if it is changed in the function.  The compiler will do its best to prevent us from changing the value of the object referred to.

Passing by constant reference allows our code to pass a temporary object or an object of another type that can be coerced to the expected type, thereby creating a temporary.  This can also be done with pass by value, but is not allowed by the language for references, unless they are constant.

The only disadvantage is that we may want the side-effects obtained with pass by reference.  In this case we simply pass by non-const reference and accept the fact that we cannot pass in a temporary or coercible object of another type.

9. What is a template policy?

A template policy is a type argument in the template declaration of a class that is intended to allow us to modify the behavior of instances of the class in some significant way.  It modifies the use of the primary template type.

Often policies add a new set of behaviors, in much the same way that a mixin class does.  An example of a template policy is a locking policy for a queue:

 
template <typename T, typename Lock>
 
class queue { … };

Here, T is the primary template type, e.g., the type of data held by the queue.  Lock is a policy class used to modify the way the queue behaves.  

we might define a class lockable and another class nolock which are used in multi-threaded and single-threaded environments, respectively.
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