Stuart Golodetz

Object Oriented Programming
Tutorial 2
1.
Design a class, Rational, to represent and perform arithmetic on rational numbers: providing public methods for addition, subtraction, 
multiplication, division, equality and forming string representations.

Use private integer variables to represent numerator and denominator. What invariant relation holds between numerator and denominator 
for objects of this class?

public class Rational implements Cloneable

{


// Invariant relations: i) (m_numerator == 0) || (m_numerator != 0 && gcd(m_numerator, m_denominator) == 1)


//



ii) m_denominator > 0


private final int m_numerator;


private final int m_denominator;


private static int gcd(int x, int y)


{



// It's probably defined somewhere else, but it's not in java.lang.Math and I couldn't find it.



assert(x >= 0 && y >= 0);



if(x < y) return gcd(y,x);



else if(y == 0) return x;



else return gcd(y, x % y);


}


private static int lcm(int x, int y)


{



// x * y = gcd(x,y) * lcm(x,y) -> lcm(x,y) = x * y / gcd(x,y)



int g = gcd(x,y);



// Note: g != 0, because m_denominator != 0



assert(g != 0);



return (x*y)/g;


}


public Rational(int numerator, int denominator) throws DenominatorIsZeroException


{



if(denominator == 0) throw new DenominatorIsZeroException();



if(denominator < 0)



{




numerator = -numerator;




denominator = -denominator;



}



int g = gcd(Math.abs(numerator), denominator);



numerator /= g;



denominator /= g;



m_numerator = numerator;



m_denominator = denominator;


}


public Rational add(Rational other)


{



int newDenominator = lcm(m_denominator, other.m_denominator);



int newNumerator = (m_numerator*newDenominator/m_denominator) + (other.m_numerator*newDenominator/other.m_denominator);



Rational r = null;
// initialise it to keep the compiler happy



// This will never throw, because newDenominator != 0, and we don't want to force clients to wrap uses 

// of this in a try block.



try { r = new Rational(newNumerator, newDenominator); } catch(DenominatorIsZeroException e) {}



return r;


}


public Object clone()


{



Rational r = null;
// initialise it to keep the compiler happy



// This will never throw, because our existing Rational is a valid one, and we don't want to force 


// clients to wrap uses of this in a try block.



try { r = new Rational(m_numerator, m_denominator); } catch(DenominatorIsZeroException e) {}



return r;


}


public static boolean equal(Rational lhs, Rational rhs)


{



return lhs.m_numerator*rhs.m_denominator == lhs.m_denominator*rhs.m_numerator;


}


public Rational divide(Rational other) throws DenominatorIsZeroException


{



return new Rational(m_numerator*other.m_denominator, m_denominator*other.m_numerator);


}


public boolean equals(Rational other)


{



return equal(this, other);


}


public Rational multiply(Rational other)


{



Rational r = null;
// initialise it to keep the compiler happy



// This will never throw, because the denominator != 0, and we don't want to force clients to wrap uses 

// of this in a try block.



try { r = new Rational(m_numerator*other.m_numerator, m_denominator*other.m_denominator); }



catch(DenominatorIsZeroException e) {}



return r;


}


public Rational subtract(Rational other)


{



int newDenominator = lcm(m_denominator, other.m_denominator);



int newNumerator = (m_numerator*newDenominator/m_denominator) - (other.m_numerator*newDenominator/other.m_denominator);



Rational r = null;
// initialise it to keep the compiler happy



// This will never throw, because newDenominator != 0, and we don't want to force clients to wrap uses 

// of this in a try block.



try { r = new Rational(newNumerator, newDenominator); }



catch(DenominatorIsZeroException e) {}



return r;


}


public String toString()


{



if(m_numerator == 0) return "0";



else return Integer.toString(m_numerator) + "/" + Integer.toString(m_denominator);


}


// NESTED CLASS SECTION


public static class DenominatorIsZeroException extends java.lang.Exception {}


// END NESTED CLASS SECTION

}

2.
Design and build an implementation of the interface IntSet.
public class IntSetImpl implements IntSet

{


protected TreeSet m_set = new TreeSet();
// this isn't an algorithm course, and I don't want to reinvent the 







// wheel particularly (life to lead, people to see, etc.)


public void add(int i)


{



m_set.add(new Integer(i));


}


public void rem(int i)


{



m_set.remove(new Integer(i));


}


public boolean isPresent(int i)


{



return m_set.contains(new Integer(i));


}


public boolean isEmpty()


{



return m_set.isEmpty();


}

}

Extend your implementation to form an implementation of ExtIntSet.

public class ExtIntSetImpl extends IntSetImpl implements ExtIntSet

{


public int max()


{



return ((Integer)m_set.last()).intValue();


}


public int min()


{



return ((Integer)m_set.first()).intValue();


}

}

Can you use delegation rather than extension to implement ExtIntSet? If so, show how; if not explain why, and indicate what changes 
you might have to make to the classes/interfaces for you to be able to do so.

As things stand, you can't use delegation instead because you can't get at the TreeSet. Incidentally, that in itself is "a good thing" (tm). But

it makes our life slightly trickier here. The best option would be to provide an iterator into our implementation, allowing us to iterate through

all the elements in our set. Note that we needn't guarantee that the elements are in order (though they are), since determining the max and min

of an unsorted list of integers can be done in linear time (just keep track of the max and min as we progress). This would require only minor

changes, namely adding the following to IntSetImpl:

public class IntSetIterator

{


private Iterator m_it;


IntSetIterator()


{



m_it = m_set.iterator();


}


public boolean hasNext()


{



return m_it.hasNext();


}


public int next()


{



return ((Integer)m_it.next()).intValue();


}

}
public IntSetIterator iterator()

{


return new IntSetIterator();

}
Note that this doesn't break the encapsulation; we still don't know that it's a TreeSet in there, all we know is that we can iterate through our

set. How it's implemented is not visible externally.
3.
Why are constructors not specified as part of an interface?
Constructors aren't specified as part of an interface because how an object is constructed is distinct from how it's used, and the only thing an

interface deals with is how it can be used. When we construct an object, we will be distinguishing between different implementations anyway, so

there is nothing to be gained by specifying that all implementations must have a constructor of a given type.
4.
Some are of the view that it would be simpler to abandon the idea of abstract classes, and instead to use an ordinary class with null or 
aborting implementations of methods that the user is supposed to override. Is this a good idea?

No, it's a silly idea, because things that the user is "supposed" to do don't always get done. With abstract classes, we force the user to do the

right thing, preventing avoidable mistakes. (Of course, if you're a compiler writer, it might be a good idea if you've got to finish implementing

the abstract class module before heading off (a) down the pub or (b) on a nice sunny holiday somewhere. That doesn't mean that what might be

considered pragmatic in a certain situation should be considered good practice, though!)
5.
(Simple) Complete the definition of Rect.
public class Rect extends PtImpl

{


private double _x;


private double _y;


public Rect(double x, double y)
{ _x=x; _y=y; }


public double x()



{ return _x; }


public double y()



{ return _y; }


public double theta()


{ return Math.atan2(_y,_x); }


public double r()



{ return Math.sqrt(_x*_x+_y*_y); }


public String toString()

{ return "Rect("+x()+","+y()+")"; }

}
