ACOL106: Data Structures and Algorithms (ITTD - Abu Dhabi, Semester-1-2025-26) Homework-06

e This and later homework will not be graded. So, there will be no submission set up
on Gradescope. 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. (Concept(s): Proving properties of trees) Define the internal path length, I(T) of a tree T to be the sum
of the depth of all the internal nodes in T'. Likewise, define the external path length, E(T), of a tree T'
to be the sum of the depths of all the external nodes in T'. Show that if T" is a proper binary tree with
n nodes, then E(T) =I(T) +n — 1.

2. (Concept(s): Writing pseudocode and analysis) Two ordered trees T’ and T are said to be isomorphic
if one of the following holds:

e Both T’ and T" are empty.

e The roots of T and T" have the same number k& > 0 of children, and the subtrees rooted at the ith
child in T and T” are isomorphic.

Design an algorithm that tests whether two given ordered trees are isomorphic. Analyse the running
time of your algorithm.

3. (Concept(s): Writing pseudocode and analysis) You are given a pointer to the root r of a binary tree,
where each vertex v has pointers v.lc and v.rc to the left and right child, and a value Val(v) > 1. The
value NIL represents a null pointer, showing that v has no child of that type. You wish to find the path
from r to some leaf that minimizes the product of the values of the vertices along that path. Give an
algorithm to find the minimum product of vertices along such a path, along with a proof of correctness
and runtime analysis.

4. (Concept(s): Writing code on paper) In the class, we discussed the pointer-based implementation of a
min-Heap. In our discussed implementation, we used a _last_node pointer to denote the rightmost node
in the deepest level of the heap. We outlined how this pointer can be updated. Given the outline of the
minHeap class below, complete the incomplete methods, which include updating the _last_node pointer
and using it to find the location of the next insert.
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3.
#

class minHeap:

The Min Heap class """

#——— Nested class _Node ————-———#
class _Node:

def __init_ (self, element, priority, parent, left_child, right_child):
self._element = element
self._priority = priority
self._parent = parent
self._left_child = left_child
self._right_child = right_child

#

def

def

def

def

def

def

def

__init__(self):

self._root = None

self._size = 0

# _last_node refers to the rightmost node at the
# deepest level of the Heap

self._last_node = None

__len__(self):
return self._size

_findParentForInsertion(self):
""" This method finds the node that is the parent

of the newly inserted node in the Heap.

_updateLastNodeAfterDelete(self):
""" This method updates the last node after the deleteMin operation """
min(self):
""" This method returns the minimum element in the heap
with the least priority.

insert(self, element, priority):

""" This method inserts an element with the given priority
in the min heap.

removeMin(self):

""" This method removes and returns the element with the
least priority.

5. (Concept(s): Writing pseudocode and analysis) You are asked to add the following additional private
methods in your minHeap class.

e _updateKeyOfNode(self, node, v): Given a node as input, update the key (i.e., priority) of that
node to v. Note that this will require updating the heap since changing the key may violate the

heap property.

e _deleteNode(self, node): Delete a given node.

Design algorithms for the above tasks. Analyse the running time.

6. (Concept(s): Writing pseudocode and analysis) Design an algorithm for the method findKthMin(self,
k) in your minHeap class that finds the k" minimum element in the minHeap. Analyse the running
time of your algorithm. Your algorithm should run in O(k) time.
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