Object Oriented Programming

Tutorial 6
Exercise 1

Enhance the ExtensibleArray class by defining a method, void del (int i) that deletes the element of

the array at i, and a method void ins(int i, Ty x) that adds x to the array so that it becomes the

element at i (providing that there are at least i - 1 elements already in the array).

Answer:

public class ExtensibleArray<Ty> implements Iterable<Ty>

{


// ...


public void del(int i)


{



if(i < 0 || i >= len) throw new IndexOutOfBoundsException();



for(int j=i; j<len-1; ++j) elts[j] = elts[j+1];
// downshuffle everything after i



--len;


}


public void ins(int i, Ty x)


{



// I assume this was what was meant, although the question did say that if there are



// at least i - 1 elements already in the array, then it's ok to insert. But if that's



// the case, consider an array of size 0, into which according to that criterion we



// could insert an element at position 1 (the second element in the array). That seems



// rather unlikely to have been the intention, so I've coded it like this.



if(i < 0 || i > len) throw new IndexOutOfBoundsException();



ext();



for(int j=len; j>i; --j) elts[j] = elts[j-1];
// upshuffle everything from i onwards



elts[i] = x;



++len;


}


// ...

}

Exercise 2 (Generic Programming: Ordered extensible arrays)

Define an abstract class, OrderedArray, that behaves like an extensible array except that its elements

are kept in order. You should define it with an abstract int compare(Ty l, Ty r) method that yields

a negative, zero, or positive answer according as l < r, l = r, l > r. It should also have a method

boolean member(Ty x) that returns true if x is present in the array, and a method void del(Ty x)

that deletes an occurrence of x from the set if one is present.

Is there a sensible definition for put in the new class?

Test your definition with a main method that looks something like Figure 1 on page ii.

[

public static void main(String[] args)

{


OrderedArray<Integer> v = new OrderedArray<Integer>()


{



public int compare(Integer l, Integer r)



{




return (l.intValue() - r.intValue());



}


};


for (int i=0; i<20; i++)


{



v.add(new Integer(i)); v.add(new Integer(2*i));


}


// print the ordered array


...

}

]

Figure 1: Testing ordered extensible arrays

Can you simplify the above test program by exploiting Java 1.5's autoboxing/unboxing?

Answer:

import java.util.*;

public abstract class OrderedArray<Ty> implements Iterable<Ty>

{


protected Ty[] elts = (Ty[])new Object[4];


protected int len = 0;


// represents seq: <Ty>


// invariant: len<=elts.length and seq = <elts[0], elts[1], ..., elts[len-1]>


// and for all i, j: i < j -> compare(elts[i], elts[j]) < 0


public abstract int compare(Ty l, Ty r);


// Ensure the array can accomodate one more element


private void ext()


{



if(len == elts.length)
// array about to overflow



{




Ty[] nelts = (Ty[])new Object[len+len/2];
// construct a new array




for (int i=0; i<len; i++)





nelts[i] = elts[i];


// copy the existing elements




elts = nelts;




// replace the old array



}


}


protected int search(Ty x)


{



// a[0..len+1] = [-Infinity] ++ elts[0..len) ++ [Infinity]



// For all i, j s.t. 0 <= i < j < len+2, a[i] <= a[j]



// Postcondition: We want to find i such that a[i] <= x < a[i+1].



// Invariant: a[i] <= x < a[j]. Clearly we're done when j = i+1.



// Initially, we know that a[0] = -Infinity <= x < Infinity = a[len+1], so we set i and j accordingly.



// Inside the loop, a[k] = elts[k-1].



int i = 0, j = len+1;



while(j != i+1)



{




int k = (i+j)/2;

// (i+j)/2 > (i + i + 1)/2 = i, since j > i + 1








// (i+j)/2 <= (j - 1 + j)/2 < j, since i < j - 1








// So we definitely make progress at each iteration, as i < k < j




if(compare(elts[k-1],x) <= 0)
// if(elts[k-1] <= x) ... Note: 0 < k < len+1 -> 0 <= k-1 < len





i = k;




else





j = k;



}



return i-1;
// since elts[i-1] = a[i]


}


public void add(Ty x)


{



// Our array is sorted, so we can use binary search to figure out where to insert the new element.



int index = search(x);



ext();



++len;



// Shuffle everything up one.



for(int i=len-1; i>index+1; --i)



{




elts[i] = elts[i-1];



}



// Fill the gap.



elts[index+1] = x;


}


public void del(Ty x)


{



// Our array is sorted, so we can use binary search to find the element to delete.



int index = search(x);
// -1 <= index < len



if(index == -1)
// if(x < elts[0])



{




return;

// it's not in the array



}



else



{




// (index < len-1 && elts[index] <= x < elts[index+1]) || (index == len-1 && elts[len-1] <= x)




if(elts[index] != x)




{





return;
// it's not in the array




}




else




{





// Shuffle everything down one.





for(int i=index; i<len-1; ++i)





{






elts[i] = elts[i+1];





}





--len;




}



}


}


public int size()
{ return len; }


public boolean member(Ty x)


{



int index = search(x);
// -1 <= index < len



if(index == -1)
// if(x < elts[0])



{




return false;



}



else



{




return elts[index] == x;



}


}


public Iterator<Ty> iterator()


{



return new Iterator<Ty>()



{




private int c = 0;




public Ty next()




{





if(c >= len) throw new NoSuchElementException();





else





{






// It's dodgy returning a reference to the actual element. Consider what would happen






// if someone changed it - our array could end up unordered.






return elts[c++];





}




}




public boolean hasNext()
{ return c < len; }




public void remove()

{ throw new UnsupportedOperationException(); }



};


}


public static void main(String[] args)


{



OrderedArray<Integer> v = new OrderedArray<Integer>()



{




public int compare(Integer l, Integer r)




{





return (l.intValue() - r.intValue());




}



};



for (int i=0; i<20; i++)



{




v.add(i); v.add(2*i);



}



System.out.println(v.member(34));



v.del(0);



v.del(0);



v.del(34);



System.out.println(v.member(34));



// Print the ordered array



for(Integer i: v) System.out.println(i);


}

}

There isn't a sensible definition for put in the new class, since putting something into the array at an arbitrary place

could stop it being sorted - then we'd either have real trouble, or we'd have to re-sort it. In the latter case, put

would essentially be the same as add, which would be silly.

Yes, you can simplify the above test program (would it have been asked if you couldn't?!) and I have done (see code).

Exercise 3 (Programming: Deletion)

Complete the definition of the Mapping class by defining a method that deletes a key from the mapping,

and a method that yields true iff a particular key is in the domain of the mapping.

Answer:

public class Mapping<Key, Val>

{


// ...


public void del(Key k)


{



int i = find(k);



if(i < keys.size())



{




keys.del(i);




vals.del(i);



}


}


public boolean contains(Key k)


{



return find(k) != keys.size();


}


// ...

}

Exercise 4 (Generic Programming: Ordered mappings)

The time to look up an element in a Mapping m is O(m.size()). Implement a class OrderedMapping that represents a mapping

in such a way that the time to look up an element in an OrderedMapping m is O(log(m.size())). Hint: use OrderedArray.

Answer:

class Pair<T1,T2>

{


public T1 first;


public T2 second;


public Pair() {}


public Pair(T1 t1, T2 t2)


{



first = t1;



second = t2;


}

}

// Using (public) inheritance here is dodgy (in C++ we might use private inheritance to mean "is implemented in terms of"),

// but it avoids having to change OrderedArray, which we'd have to in order to do this by simple delegation.

public class OrderedMapping<K extends Comparable,V> extends OrderedArray<Pair<K,V>>

{


public int compare(Pair<K,V> lhs, Pair<K,V> rhs)


{



return lhs.first.compareTo(rhs.first);


}


public V get(K key)


{



int index = search(new Pair<K,V>(key, null));

// -1 <= index < len



Pair<K,V> p = (Pair<K,V>)(((Object[])elts)[index]);
// BLEURGH! We have to do it this way because of the array hack in OrderedArray!



if(index == -1 || p.first.compareTo(key) != 0) return null;



else return p.second;


}


public void put(K key, V val)


{



add(new Pair<K,V>(key,val));


}


public static void main(String[] args)


{



OrderedMapping<String,Integer> om = new OrderedMapping<String,Integer>();



om.put("Blah", 10);



om.put("DiBlah", 12);



System.out.println(om.get("DiBlah"));



System.out.println(om.get("Blah"));



System.out.println(om.get("Foo"));


}

}

Exercise 5 (Generic Programming: Constrained Wildcards)

We want to define an additional (overloaded) method add(Vector) to the LinkedColl class. It should

add all the elements in the given Vector to the LinkedColl for which it is called: these elements can

be of any subtype of the element type of the LinkedColl. Define this method. Make sure you get its

signature correct.

Now define yet another overloading of add that adds all the elements of an array to the Coll. The array

elements can be of any subtype of the element type of the LinkedColl.

Answer:

public class LinkedColl<ELT> implements Coll<ELT>, Iterable<ELT>

{


// ...


public <T extends ELT> void add(Vector<T> vec)


{



for(T t: vec) add(t);


}


public <T extends ELT> void add(T[] arr)


{



for(T t: arr) add(t);


}


// ...

}
