ACOL106: Data Structures and Algorithms (IITD - Abu Dhabi, Semester-1-2025-26) Homework-10

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. (Problem from the book) Let T and U be (2,4)-trees storing n and m keys, respectively, such that all
the entries in T have keys less than the keys of all the entries in U. Describe an O(logn + log m)-time
method for joining 7" and U into a single tree that stores all the entries in T" and U.

2. Complete the following skeleton code that implements a (2, 4)-Tree.

class TwoFourTree:
" The (2, 4)-Tree class
— The sentinel nodes are not maintained explicitly in this implementation.
- At every node, we maintain the following:
(1) A list of at least one and at most 3 keys and values
(2) A list of at least two and at most four children
H=mmm| Nested class _Node ———————= #
class _Node:
def __init_ (self, key, value, parent=None, children=[1):
self._key = key # This is a list of keys in increasing order {e.g., [3, 5])
self._value = value # This is a list of values (e.g., [324, 2375])
self._parent = parent # The parent pointer
self._children = children # This is a list of references to child nodes
@ #
def __init__(self):
self._root = None
self._size = @

def __len__(self):
return self._size

def get(self, key):
""" This method returns the value for the given 'key' if it exists
If the key does not exist, it returns None.

# Complete this method

def put(self, key, value):
""" This method associates 'value' with the 'key', if this key exists
If the key does not exist, then it inserts the key-value pair in the tree
On an overflow (i.e., the node has four keys), the third key is moved to
the parent

# Complete this method. Define private methods as needed.

def remove(self, key):
" This method deletes 'key' from the tree
On an underflow, first an attempt is made to borrow from the left sibling,
followed by the right sibling. If borrowing fails, then the node is fused
with the left sibling if it exists; otherwise, it is fused with the right.

# Complete this method. Define private methods as needed.
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