
CS1102: Data Structure and Algorithms


Tutorial 4 Stacks, Queues, Recursion and the Big-Oh
Week of 3/3/08

1. What is the output of the following program labeled in the comments by (a), (b) and (c)?


	01.  Queue q = new Queue();

02.  Stack s = new Stack();

03.  s.push(new Integer(5));

04.  s.push(new Integer(6));

05.  s.push(new Integer(7));

06.  q.enqueue(s.pop());

07.  q.enqueue(new Integer(5));

08.  q.enqueue(new Integer(6));

//a

09.  System.out.println(q.dequeue());

10.  s.push(q.dequeue());

//b

11.  System.out.println(s.pop());

//c

12.  System.out.println(s.pop());



Answer:


After line 5, the stack would look like this


[image: image13.bmp]
[image: image1]

After line 6, we pop 7 and enqueue it

[image: image2]




Then we enqueue 5, 6

[image: image3]

a. Dequeue and print, so output at (a) = 7

Then dequeue 5 and push it on the stack


[image: image4]

b. Pop 5, so output at (b) = 5

c. Pop 6 so output at (c) = 6

2. Explain how to implement two stacks in an array A[1..n] in such a way that neither stack overflows unless the total number of elements in both stacks is n. The push and pop should be a constant time operation (that is, you should not need to traverse the entire length of the list). You should also explain what you need to do when the array is full.

Answer:

[image: image5]

To have two stacks in a single array, we just have two pointers that point to two ends of the array. When an element is added to the first stack, we can simply increment top1 by 1 and add elements towards the right. Similarly when we add an element to the second stack, we can simply decrement top2 by 1 and add elements towards the left. All pushing and popping operations are constant time.

When the total number of elements in both stacks is full, we can simply copy the elements into a new array with twice the size. But note that the two stacks have to be copied onto the two ends so that both may continue growing.

[image: image6]
3. Recall the reverse method for linked list which is used in tutorial 3. Previously you had implemented an iterative reverse method within the BasicLinkedList class. In this question, you are required to implement a recursive function which reverses the linkedlist.

[image: image7]
	class BasicLinkedList_Integer

{

   … //other methods
   public void recursiveReverse()
   {

      if(head == null || head.next == null) return;

      recursiveReverse(this.head, null);

   }

   public void recursiveReverse(ListNode<Integer> curr, 

         ListNode<Integer> prev) 
   {

      //Your code here
   }
}


Answer:

	class BasicLinkedList_Integer

{

   … //other methods
   public void recursiveReverse()

   {

      if(head == null || head.next == null) return;

      recursiveReverse(this.head, null);

   }

   public void recursiveReverse(ListNode<Integer> curr, 

         ListNode<Integer> prev) 
   {

      ListNode<Integer> next = curr.next;

      //Update the new next pointer

      curr.next = prev;

      //Base case

      if(next == null)

         this.head = curr;

      else

         recursiveReverse(next, curr); 

   }
}


Let us picture the boxes with dotted lines as method, and the listnodes inside the dotted lines as the input that requires reversing.

[image: image8]
Step 1 shows the desired output in which the curr node has been reversed successfully, and we recursively reverse the remaining list.

At this point, we need to reverse the current node. The current node is required to point to the previous node, so the recursive method needs to take in a parameter – the pointer to the previous node (which will in fact be the new next node)


[image: image9]
We can see that when we finish each recursive call, the current node has been reversed successfully. We can then continue to work on the remaining nodes by calling the same method on the next node. 

The terminating condition is when the next node does not point to anything. At this point we have to update the new head pointer to point to the current node.
4. Whenever the helper replenishes the supply of bowls in the Yong-Tou-Fu stall, the helper places the entire stack of new bowls onto the old bowls. He does not take a single bowl out of the stack at a time to place it on the old stack (that wouldn’t be smart).

(a) Design a recursive mergeStack method in a class which extends from the Java Stack class. This method takes in another stack, and pushes the entire stack onto itself. Note that the ordering of the pushed stack is preserved. You are not allowed to create a temporary stack or use any other data structure. You are only allowed to use the stack push(), pop(), empty(), peek() methods.

(b) Explain the Big Oh complexity of your solution. 

(c) Propose a stack implementation so that it is possible to rewrite the mergeStack method to merge in constant time. 

[image: image10]
	class MergableStack<E> extends Stack<E>

{
   public void mergeStack(Stack<E> otherStack)

   {
      //Your code here

   }
}


Answer:
	class MergableStack<E> extends Stack<E>

{
   public void mergeStack(Stack<E> otherStack)

   {

      //Check if stack is empty

      if(otherStack.empty())

         return;

      //Take out the topmost element

      E element = otherStack.pop();

      //Call mergeStack for the remaining elements

      mergeStack(otherStack);

      this.push(element);

   }
}


Since we are unable to use a temporary data structure to store the elements of the merged stack, we have to use recursion to preserve the ordering. What we want to do is to push the last item onto the current stack last. To do this, we have to recursively call mergeStack on a progressively smaller stack before 

we push the elements back into the stack.

[image: image11]

(b) Since we have to push all the elements from one stack to the other, the time complexity of the merge algorithm is O(n). In fact the approach of using recursive calls is in fact storing the attribute element in the operating system stack (as mentioned by Dr Tan in lecture) in each recursive call! 
(c) If we imagine the two stacks using an internal LinkedList data structure, it is easy to see how we can merge the two stacks in O(1) time. Hence students should propose a stack implementation using a Tailed Linked List as the underlying data structure stating that they could simply change the “top” pointer to the stack being merged, and then set the “bottom” pointer to point to the original “top” pointer.

[image: image12] 
Java code in the mergeStack method:
s2.bottom.next = s1.top
[image: image14.bmp]s1.top = s2.top
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