ample Solution for C53323 Winter 2007 Assignment 4 (50 Marks)
Due Friday, March 23, by 5pm.

o Assignments should be handed in by placing them in the CS3323 bin on E level of Gillin
Hall.

1. (5 marks) Dr. Amongus claims that the order in which a fixed set of entries is inserted
into a binary search tree does not matter — the same tree results every time. Is that
true? If yes, prove it. Otherwise, give a small counter-example.

Solution: No true. There are several solutions. One is to draw the binary search
tree created by the input sequence: 9,5,12,7,13. Now draw the tree created when you
switch the 5 and the 7 in the input sequence: 9,7,12,5,13.

2. (5 marks) Dr. Amongus claims that the order in which a fixed set of entries is inserted
into an AVL tree does not matter — the same AVL tree results every time. Is that true?
If yes, prove it. Otherwise, give a small counter-example.

Solution: Not true. There are several solutions. One is to draw the AVL tree created
by the input sequence: 9,5,12,7,13. Now draw the tree created when you switch the
5 and the 7 in the input sequence: 9,7,12,5,13.

3. (10 marks) For each of the following two cases, insert the keys in the sequence given
into an initially empty binary search tree. Assume that the keys are in an alphabetic
order (a <b<c<..<y<z).

L4 a’7b7c7d7e7f7g7h7i7j?k7]‘
e avltreisfun
Solution: 5 marks each

4. (10 marks) For each of the following two cases, insert the keys in the sequence given
into an initially empty AVL tree. Assume that the keys are in an alphabetic order
(a<b<ec<..<y<2z).

i a7b7c7d7e7f7g7h7i7j 7k7]'

e avltreisfun

Solution: 5 marks each



5. (10 marks) Design an algorithm to implement the following operation on a binary
search tree T

findAll(k): returns all the entries whose keys equal k.

Show that its running time is O(h + s), where h is the height of T and s is the size of
the collection returned.

Solution:

Algorithm findAllElements(k, v, ¢):
Input: The search key k, a node of the binary search tree v and a collection ¢
Output: An iterable collection containing the found entries
if v is an external node
return c
if k= Key(v)
c.addLast(v)
return findAllElements(k, T.rightChild(v), c)
else if k < Key(v)
return findAllElements(k, T.le ftChild(v), ¢)
{we know k > Key(v)}
else return findAllElements(k, T.rightChild(v), c)

Note that after finding k, if it occurs again, it will be in the left most internal node of
the right subtree.

Time complexity: Finding k takes at most O(h) and after that it takes O(s) to find all
ks.

6. (10 marks) Let D is an AVL tree with n entries. Design an efficient algorithm to
implement the following operation on D:

findAllInRange(ky, k2): returns the number of entries in D with key k such that
ky <k < k.

Analyze the time complexity of your algorithm.

Solution: Search for k; and then ks, each while marking the path down to that
node. Observe that all the nodes between the path towards k; and ko are within the
specified range. A modified inorder traversal can be performed, using the given paths
as boundaries and starting at the intersection of the two paths, to enumerate all the
entries inclusively between k; and k.



