ACOL106: Data Structures and Algorithms (ITTD - Abu Dhabi, Semester-1-2025-26) Homework-05

There are 2 questions for a total of 50 points.

1. (Concept(s): Writing accurate code on paper) Consider the following template of a Doubly Linked List
class for which you are asked to write a few methods.

class myDoublyLinkedList:
"HA doubly linked list class """
#-———Nested class _Node —————— —#
class _Node:
def __init_ (self, element, next_node, previous_node):
self._element = element
self._next_node = next_node
self._previous_node = previous_node
# #
def __init_ (self):
# We will maintain both head and tail pointers
# for our doubly linked list.
# We also maintain the size of the linked list.
self._head = None
self._tail = None
self._size = 0

(a) (10 points) Write a method to swap two nodes x and y (and not just their contents) in our doubly
linked list, given references only to x and y.

(b) (25 points) Write a method that implements the Merge Sort algorithm on our linked list, so that
the elements in our linked list are in non-decreasing order. You are not allowed to use any storage
other than the nodes of our linked list. Your algorithm should work in O(nlogn) time. You are
asked to do a time analysis to show that the running time of your algorithm is O(nlogn).

2. (15 points) (Concept(s): Proving properties of trees) A d-ary tree is a rooted tree such that every internal
node has at most d children. A proper d-ary tree is a ternary tree where every internal node has exactly
d children. Prove or disprove the following statements:

(A) The number of leaves in any proper 3-ary tree is an odd number.

(B) For every odd number n, there exists a proper 2-ary tree that has n nodes.
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