
CS1102: Data Structure and Algorithms


Tutorial 3 Linked Lists
Week of 18/2/08

1. This question will refer to the ExtendedLinkedList class defined in your lecture notes slide 29. Look at the following code segment and give the output for the print methods indicated by (a) to (e). You should also draw diagrams to explain your answer.

	
public static void main(String[]args)
{ 

ExtendedLinkedList list = new ExtendedLinkedList();



list.addHead(“AAA”);

list.addHead(“BBB”);

list.addHead(“CCC”);


list.addHead(“DDD”);


list.addHead(“EEE”);




ListNode node = list.getHeadPtr();


// (a) 

printList(node);


// (b)


System.out.println(node.next.next.next);


// (c)


node = node.next;


printList(node);


// (d)


node = list.getHeadPtr();


list.deleteAfter(node);

printList(node);


// (e)


ListNode fNode = new ListNode(“FFF”, node);


node.next = fNode; 


printList(node);

}




Tutor’s Note:

Note that if we simply print node.next.next.next, the printline statement will print the memory address of the variable. Hence we should either print node.next.next.next.element or implement a toString method in the ListNode class.

Also note that in your lecture notes, printList prints all the listnodes from the head. In this question, the printList will print all listnode starting from the specified listnode.
Answer:

a. EEE DDD CCC BBB AAA 

[image: image1]

b. BBB

[image: image2]
Draw the linked list and do it step by step. The following is a few of the steps you can perform to aid yourself in solving step by step.

node = “EEE”

node.next = “DDD”

(node.next).next = (“DDD”).next = “CCC”

((node.next).next).next = (“CCC”).next = “BBB”

c. DDD CCC BBB AAA

[image: image3]
In this part, just simply set the current node to head.next, and print all the nodes.

d. EEE CCC BBB AAA

[image: image4]
Since we are deleting the node after EEE, the next pointer of “EEE” is set to “CCC”

e. (Infinite loop) EEE FFF EEE FFF EEE FFF….


[image: image5]
In this part, we create a new ListNode(“FFF”) with a next pointer to the current node (which is the head node). After we have done that, we set the next pointer of the current node to the newly created “FFF” node. Hence we now have a circular LinkedList, attempting to print the circular linked list results in an infinite loop.

2. Write the method void deleteHighestItem() to be included in the class BasicLinkedList below. This method will delete from a linked list of integers the node that contains the largest integer. Can you do this with a single traversal of the list? 
Below shows the methods and attributes provided in the modified version of the BasicLinkedList class which is a LinkedList of Integers.
 
	class BasicLinkedList_Integer
{

   protected ListNode<Integer> head;

   protected int num_nodes = 0;

   public boolean isEmpty() { … }
   public int size() { … }
   public Integer getHeadElement() throws … { … }
   public ListNode<Integer> getHeadPtr() { … }
   public void addHead() { … }
   public void deleteHead() {… }
   public void deleteHighestItem()
   {
      // Deletes the largest item from the linked list.
      // Precondition:  n should be the first ListNode.

      // Postcondition:  The largest item in the linked list 

      // is removed, and no action for an empty list

   }
}

class ListNode<E> 

{

   ListNode<E> next;

   E element;

   ListNode(E element) { … }

   ListNode(E element, ListNode<E> next) { … }
}


Answer:

	class BasicLinkedList_Integer

{

   … //other methods
   public void deleteHighestItem()
   {
      // Deletes the largest item from the linked list.
      // Precondition:  n should be the first ListNode.

      // Postcondition:  The largest item in the linked list 

      // is removed, and no action for an empty list

        ListNode<Integer> prev = null;

        ListNode<Integer> curr = head;

        ListNode<Integer> biggest = head;

        ListNode<Integer> biggestPrev = null;

        //Special case, what if the list is empty?

        if(head == null)

            return;

        //Find the largest listnode

        while(curr != null)

        {

            if(curr.element > biggest.element)

            {

                biggest = curr;

                biggestPrev = prev;

            }

            //Move to check the next listnode, also set previous 

            //pointer to curr node before setting the new curr node

            prev = curr;

            curr = curr.next;                                    

        }

        //Special case, what if the largest node was the head node?

        if(biggest == head)

        {

            //Set the new head to the next pointer

            head = head.next;

        }

        else

        {

            //Else we can simply delete 

            biggestPrev.next = biggest.next;            

        }
   }
}


The idea when we want to delete the highest item is that we are required to find the node containing the largest item and then to remove it. However to delete the current node, we always require the reference to the previous node. Hence we require two variables – biggest, and biggestPrev.

There are two special cases to consider – when the list is already empty or when biggest node is the head node.
Tutor’s Note:

Actually we only need to store the biggestPrev pointer and not the biggest pointer. To obtain biggest.element, we can simply do biggestPrev.next.element.
3. Using what we had explored during the lectures, design a static method to merge two linked lists of integers that are already sorted in ascending orders. The method should return the head of the merged list. You can assume that the lists are defined as the same BasicLinkedList_Integer as in question 2. You are not allowed to call the addHead method.
	class DoMerge

{

   public static ListNode<Integer> merge(ListNode<Integer> head1,   ListNode<Integer> head2)

   {

      //Your code here
   }
}


Answer:
	public static ListNode<Integer> merge(ListNode<Integer> head1, ListNode<Integer> head2)

{


   ListNode<Integer> sortedHead;

        ListNode<Integer> curr1 = head1;

        ListNode<Integer> curr2 = head2;

        ListNode<Integer> sortedTail;

        //Special case, what if either list is empty?

        if(head1 == null)

            return head2;

        else if(head2 == null)

            return head1;

        if(head1.element > head2.element)

        {

            //Set the sorted head to the head of the 2nd linkedlist

            sortedHead = head2;

            //Move the current pointer of the 2nd linked list to the next node

            curr2 = curr2.next;

        }

        else

        {

            //Set the sorted head to the head of the 1st linkedlist

            sortedHead = head1;

            //Move the current pointer of the 1st linked list to the next node

            curr1 = curr1.next;

        }

        sortedTail = sortedHead;

        while(curr1 != null && curr2!=null)

        {

            if(curr1.element > curr2.element)

            {

                //If the current element of the 2nd list is smaller then

                //the current element of the 1st list, then

                //set the next pointer of the sorted list to this node

                sortedTail.next = curr2;

                //Set the new tail accordingly

                sortedTail = sortedTail.next;

                //Move to the next element

                curr2 = curr2.next;

            }

            else

            {   

                sortedTail.next = curr1;

                sortedTail = sortedTail.next;

                curr1 = curr1.next;                

            }

        }

        //At this point, either of the list has been merged, so we need to 

        //merge the remainder

        if(curr1 == null)

        {

            sortedTail.next = curr2;

        }

        else

        {

            sortedTail.next = curr1;            

        }

        //done!

         return sortedHead;}

}


Special case:

· Either list is empty

The idea behind the algorithm for merging is that we need to maintain a partially built merged list all the time. To do that, we would need a reference to the head and tail of this merged list. The tail reference is to allow us to easily set the next pointer to the new node being merged in.

We also require the current pointers of the 2 lists being merged. This allows us to determine where are the next nodes in the two list to add into the merged list. 


[image: image6]
In the diagram above, the original lists are shown as

3 -> 5 -> 7 and 2 -> 4 -> 6

Step by Step,
1. sortedHead -> 2, sortedTail -> 2, curr1 -> 3, curr2 ->4

2. We find that curr1 < curr2, so we set the next pointer of sortedTail to curr1 and increment curr1 to the next pointer to obtain -
sortedHead -> 2, sortedTail -> 3, curr1 -> 5, curr2 -> 4

as shown in the diagram above.

Some of you would have realized that the original two linkedlist were destroyed in the process, which is right.

4.  Write a method to reverse a linear linked list as illustrated below. Your method should be included in the BasicLinkedList (as in question 2).

[image: image7]
	class BasicLinkedList_Integer

{

   … //other methods

   public void reverse() 
   {

   }
}


Answer:
	clss BasicLinkedList_Integer

{

   … //other methods

   public void reverse() 
   {

      //Special case, when head is null

      if(head == null)

         return;

      ListNode<Integer> next = head.next;

      ListNode<Integer> curr = head;

      ListNode<Integer> prev = null;

      //While there is still more nodes
      while(curr!= null)

      {
         //Set the next node to look at
         next = curr.next;

         //Update the next pointer to the previous node
         curr.next = prev;
         //Update the previous node to the current node
         prev = curr;
         //Set current node to the next node
         curr = next;

      }
      //Set the new head
      head = prev;
   }
}
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And so on. Once the loop terminates, we have to set the new head node, which will be pointed by the prev pointer.
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