ITI 1121. Introduction to Computer Science II
Summer 2009

Assignment 3
Deadline: July 25, 2009
Objectives

· Understanding the “fail-fast” implementation of the iterators 

· Solving problems using two implementations of “head+tail” recursion 

Prelude

This last assignment consists of a series of exercises that are similar to those of the final examination. As such, this assignment should be an excellent preparation for the final. Some of the exercises can be solved immediately since the required material has been presented in class. 

Part I
Iterator

Here is a UML diagram showing the interface and the classes related to this part of the assignment. This is a simplified implementation, in the sense that the inventory of methods is incomplete. A production implementation would be similar, except that the inventory of methods would be more exhaustive. 


The interface Collection declares the methods that are common to an ensemble of data structures (the collections). Here, this includes lists, but trees, maps and sets can also been seen as collections. 

AbstractList is a partial implementation of a list. Its concrete method eq makes use of the methods implemented by its subclasses. 

The classes LinkedList and ArrayList are concrete implementations of the abstract class AbstractList. Herein, only the class LinkedList is considered. Its implementation consists of doubly linked nodes. Furthermore, the list of nodes starts off with a dummy node. Finally, this class implements an iterator using the “fail-fast” technique seen in class. 

1 iterator( int pos ) (10 marks)

Add the method iterator( int pos ) to the class LinkedList. It returns a list iterator of the elements in this list starting at the specified position in the list. For instance, let l be a list that contains five elements, A, B, C, D and E. The call l.iterator(0) is equivalent to l.iterator(), it creates an iterator positioned before the start of the list. The call l.iterator(5) creates an iterator positioned at the end of the list, a call to the method hasNext() of that iterator returns false. Finally, i=l.iterator(1); i.next() returns the value B. 

The exception IndexOutOfBoundsException will be thrown if pos is not a valid index. 

2 remove() (15 marks)

In the class LinkedList, implement the instance method remove of the iterator. It removes from the list the last element that was returned by next(). As the other methods of the iterator, the method remove() must be implemented using the technique called “fail-fast” presented in class. Accordingly, the method throws an IllegalStateException upon a failure to remove an element (for instance, calling the method remove() when the iterator is positioned before the start of the list). 

3 eq( AbstractList<E> other ) (15 marks)

In the class AbstractList, implement the method boolean eq( AbstractList<E> other ). 

· Compares other with this list for equality; 

· Returns true if and only if both lists are of the same size, and all the corresponding pairs of elements in the two lists are equal. Otherwise, the method returns false; 

· The value null is not a valid element; 

· AbstractList implements the interface Collection; 

· LinkedList and ArrayList are two examples of subclasses of AbstractList but there could be more; 

· Use iterators to implement the method.

Part II
Recursion

4 findAndReplace( E a, E b ) (15 marks)

In the class LinkedList, write a recursive (instance) method that finds all the occurrences of the object a in a singly linked list, and replaces all those occurrences by b. The method returns the number of occurrences that were replaced. The method public int findAndReplace( E a, E b ) must be implemented following the technique presented in class for implementing recursive methods inside the class, i.e. where a recursive method is made of a public part and a private recursive part, which we called the helper method. The public method initiates the first call to the recursive method. 

5 drop( int n ) (15 marks)

In the class LinkedList, write a recursive (instance) method that returns a new linked list consisting of all the elements of this list except the first n elements. In other words, it returns the last size() - n elements of this list. The method public LinkedList<E> drop( int n ) must be implemented following the technique presented in class for implementing recursive methods inside the class, i.e. where a recursive method is made of a public part and a private recursive part, which we called the helper method. The public method initiates the first call to the recursive method. This instance must remain unchanged. 

6 zip (30 marks)

In the class A5Q6, implement the method zip. The implementation must be recursive. 

· <E> Sequence<E> zip( Operator<E> op, Sequence<E> xs, Sequence <E> ys ); 

· It returns a new Sequence<E> that is of the same length as the two input lists and such that the values of this list are the result of applying the operator op to the elements at the corresponding position within each list; 

· The interface Operator is defined as follows: 

	public interface Operator<E> {  
    public abstract E apply( E a, E b );  
} 


· Both arguments must be of the same length, otherwise an IllegalArgumentException is thrown; 

· Both Sequence arguments remain unchanged by a call to zip; 

· The method zip is implemented outside of the class Sequence. Here are the public methods that you can use to implement zip: 

· Sequence(); constructor; 

· void addFirst( E item ); adds item at the start of this sequence; 

· void add( E item ); adds item at the end of this sequence; 

· void deleteFirst(); deletes the first element of this sequence; 

· boolean isEmpty(); returns true if and only if this sequence is empty; 

· E head(); returns a reference to the object stored in the first node of this sequence; 

· Sequence<E> split(); returns the tail of this sequence, this sequence now contains a single element; 

· void join( Sequence<E> other ); appends other at the end of this sequence, other is now empty.

· Given two sequences of integers (objects of the class Integer) l1 and l2: 

	l1 is [1,3,5,7,9]  
l2 is [0,2,4,6,8] 


· The execution of l3 = zip( new Plus(), l1, l2 ) produces a sequence where each element is the sum of the elements at the corresponding position within each sequence; l1 and l2 remain unchanged: 

	l3 is [1,5,9,13,17] 


Directives

You must preferably do the assignment in teams of two, but you can also do the assignment individually. Follow all the directives available on the assignment directives. 

Files

You must hand in the following files: 

· README 

· A5.java 

· A5Q1.java 

· A5Q2.java 

· A5Q3.java 

· A5Q4.java 

· A5Q5.java 

· A5Q6.java 

· A5Q7.java 

· A5Q8.java 

· AbstractList.java 

· Collection.java 

· Iterator.java 

· LinkedList.java 

· Operator.java 

· Plus.java 

· Sequence.java 

· StudentInfo.java
A Frequently Asked Questions (FAQ)

1. The test A5Q1 suggests that iterator( pos ) should throw the exception IndexOutOfBoundsException if pos is not a valid index. Is this a requirement? 

Yes! 

