APCS Lesson Plan - Linked Lists

Data structure : combines a method of data organization with methods of accessing and manipulating that data

Data structures:

simple array

array of class object

linked list

linked list elements or "nodes" have two parts: an information part and an address of the next node (a pointer to the next node). Two ways to show that:  arrows and numerical addresses




start ->

another model:

start = 0123

	0123
	X
	0125

	0124
	Z
	null

	0125
	Y
	0124


where X, Y and Z are could be a String or any object. If you want an integer, you need to use the wrapper class: Integer, Double, Boolean, Character are the most common. These are in java.lang . See pages 663-666 of text to learn about wrapper classes. Note: built-in operators do not work with wrapper classes (like > or =), and so you need to use the class methods.

If we want to insert the letter A between X and Y, show how we need to do it in both models (what values need to change?)

Implementing a linked list:

We will use the ListNode class to create a linked list. 

// The AP "ListNode" class

public class ListNode

{

    private Object value;

    private ListNode next;

    public ListNode(Object initValue, ListNode initNext)

    {

        value=initValue;

        next=initNext;

    } // ListNode constructor

    public Object getValue()

    {

        return value;

    }

    public ListNode getNext()

    {

        return next;

    }

    public void setValue (Object theNewValue)

    {

        value=theNewValue;

    }

    public void setNext(ListNode theNewNext)

    {

        next=theNewNext;

    }

} // ListNode class

Let’s look at the code above, and see what it does. What kind of data does it hold? (remember, that a variable for an object actually holds a reference to that object!)

Note: there is an Object class. This is part of the java.lang package, and need not be imported. Object class is the ancestor class to all classes in Java. It has two primary methods: toString and equals. 

Let’s look at each of the methods in our ListNode class, and guess what each does (using our arrow model). With our X, Y and Z linked list, how many node objects have been created?

See p753 for the interface for ListNode.

If thisNode is an object of the class ListNode and equals the node holding the X, what will listNode.getValue() equal?

What will thisNode.getNext() equal?

What if we write thisNode.setValue(“R”)? (assume that the data in each node are Strings)

What if we write thisNode.setNext(null)?

What if we write thisNode.setNext(thisNode.getNext().getNext())?

Here is code to create a simple linked list of two elements:

ListNode node1, node2;

node2=new ListNode("Charly",null);

 node1=new ListNode("Fred",node2);

          // by making the 2nd argument node2, it sets the "next"

          // part of node1 equal to node 2

How could we create this list (where Fred points to Charly), creating Fred’s node first?

As a class, write code which uses a loop to prompt the user for 4 strings, and creates a linked list of those strings in the order entered. 

Make a sketch of each step of the code you wrote, then test your code.

To test your program, you need to print out the strings in the linked list. Do so. If (and when) you get an error – using the console class – see below.

If you write System.out.println(node.getValue()), you will get an error. System.out.println() is made to print ints, doubles, strings, etc, but not elements of the Object class! Instead, you must convert that Object into a string type with:

Object nameObject=node.getValue();

String name=(String) nameObject;

System.out.println(name);

note: using standard io, you could write:

System.out.println(node.getValue()); // this output can print Object types

For more information on Object type, see the handout. Note: the only built-in methods to the Object class are equals() (boolean), toString() and hashCode (to compare – see handout). Otherwise, convert the Object into whatever specific object you are using – like String.

Adapt your program to also print out all strings in the linked list (whatever the length) with a while loop.

1.
Write linked list code which creates a list of user supplied strings into a linked list (until a sentinel value is entered).

2.
Write a method which removes the first element of the linked list, returning the new value of head. 

3.
Write a boolean function method to test if the strings in a linked list are in ascending order.

4.
Write a method which inserts a new string in order into an ordered list.

5.
Write a method which deletes the nth element of a linked list.

Adapt the deletion method so that it works for a doubly linked list (see below)

// The “DoubleListNode" class

public class DoubleListNode

{

    private Object value;

    private DoubleListNode next, previous;

    public DoubleListNode(Object initValue, DoubleListNode initNext, DoubleListNode initPrev)

    {

        value=initValue;

        next=initNext;

        previous=initPrev;

    } // ListNode constructor

    public Object getValue()

    {

        return value;

    }

    public DoubleListNode getNext()

    {

        return next;

    }

    public DoubleListNode getPrevious()

    {

        return previous;

    }

    public void setValue (Object theNewValue)

    {

        value=theNewValue;

    }

    public void setNext(DoubleListNode theNewNext)

    {

        next=theNewNext;

    }

    public void setPrevious(DoubleListNode theNewPrevious)

    {

        previous=theNewPrevious;

    }

} // DoubleListNode class
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