ACOL106: Data Structures and Algorithms (ITTD - Abu Dhabi, Semester-1-2025-26) Homework-09

e This homework will not be graded. So, there will be no submission set up on Grade-
scope. However, we will continue to have the quiz based on homework. So, please
ensure that you solve the homework problems.

e In addition to the homework problems (which are typically few in number), please
attempt the exercises at the end of every chapter of the textbook. Some of the problems
in this homework are, in fact, from the textbook.

e Always try to give an algorithm with the best possible running time. The points that
you obtain will depend on the running time of your algorithm. For example, a student
who gives an O(n) algorithm will receive more points than a student who gives an
O(n?) algorithm.

1. In Quiz-07, you were asked to write a method for BST that outputs a list of all keys in the given tree
that are in the range (keyl, key2). The running time of this method was supposed to be O(s+ h), where
s denotes the output size (i.e., the number of keys in the range) and h denotes the height of the tree.
Consider the following method and argue that its running time will be O(s + h).

# 3

def _rangeQuery(self, keyl, key2):
"""Return a list of all keys k such that keyl < k < key2."""
result = []

def _inorder(node):
if node is None:
return
# Only explore subtrees that could contain valid keys
if node._key > keyl:
_inorder(node._left_child)
if keyl < node._key < key2:
result.append(node._key)
if node._key < key2:
_inorder(node._right_child)

_inorder(self._root)
return result

2. Write the following additional methods for the Binary Search Tree class. The skeleton code for the class
is given below.

e _computeHeight (self, node): This method computes the height of a given node in the binary
search tree.

e printKeysInOrder(self): This method prints the keys in the binary search tree in increasing
order.
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class BinarySearchTree:
""" The Binary Search Tree class
#————— Nested class _Node ———————#
class _Node:
def __init_ (self, key, value, parent, left_child, right_child):
self._key = key
self._value = value
self._parent = parent
self._left_child = left_child
self._right_child = right_child
#— —#
def __init_ (self):
self._root = None
self._size = @

def _ len_ (self):
return self._size

Discuss the running time of your methods.

3. (Problem from the book) Explain how to use an AVL tree to sort n comparable elements in O(nlogn)
time in the worst case.

4. (Problem from the book) Prove or disprove: For a key k that is not found in binary search tree T, prove
that both the greatest key less than k and the least key greater than k lie on the path traced by the search
for k.

5. During a class discussion, someone mentioned the node-balance property, and whether the node-balance
property would imply the height-balance property. Let us first formalize the node-balance property in
a manner similar to the height-balance property. A BST is said to satisfy the node-balance property iff
for every node, the number of internal nodes in its left subtree and right subtree differ by at most one.

Prove or disprove: Any BST that satisfies the node-balance property also satisfies the height-balance
property.

6. (Problem from the book) Show that at most one node in an AVL tree becomes temporarily unbalanced
after the immediate deletion of a node.

7. (Problem from the book) Describe the addition/modification to the Binary Tree Data Structure that
would support the following two index-based operations in O(h) time, where h is the height of the tree.
e at_index(self, i): Return the it" key, as per increasing order of keys in the BST.

e index_of (self, key): Return the index of given key, i.c., if key is the it smallest key in the
BST, then the method must output 1.
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