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

Homework-12

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. Complete the following skeleton code that implements a skip list. The implementation stores the refer-
ence to the —oo sentinel node at the highest level as the attribute _start and the reference to oo sentinel
node at the highest level as the attribute _end.

#

import math
import random

class MySkipList:
' The skip list class. """

class _Node:
def __init_ (self, key, value=None, above=None, below=None, forward=None, backward=None):

self._key = key
self._value = value
self._above = above
self._below = below
self._forward = forward
self._backward = backward

def

def

def

def

def

__init__(self):

# Create base-level sentinels
self._height = @

self._size = @

# Head and tail at level @ (-inf and +inf)
self._start = MySkipList._Node(-math.inf)
self._end = MySkipList._Node(math.inf)

self. _start._forward = self._end
self._end._backward = self._start

__len__(self):
return self._size|

search(self, key):
' Return value if key exists, else Mone."""
# Complete the method

insert(self, key, value):
' Insert a key-value pair {update value if key already exists).
# Complete the method

delete(self, key):
' Delete the given key if it exists. """
# Complete the method
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2. In the class, we did not complete the calculations for bounding the expected height of a tower in the skip
list. This is your chance to complete the calculations. While you are at it, find the expected number of
nodes at the ' level.

3. (Problem from the book) Describe how to modify a skip-list representation so that index-based operations,
such as retrieving the item at index j, can be performed in O(logn) expected time.

4. Prove or disprove:

(a) The number of odd degree vertices in any undirected graph is even.

(b) In any simple undirected graph with at least two nodes, there are two nodes that have the same
degree. A simple graph is one where there are no multi-edges (i.e., more than one edge between the
same two nodes) or self-loops (i.e., an edge from a node to itself).

5. In the adjacency list representation for directed graphs, for every vertex v, a list of vertices to which v
has a directed edge is stored. The in-degree of a vertex v is the number of vertices that have a directed
edge to v. Given a directed graph in adjacency list representation, design an algorithm to compute the
in-degrees of all the vertices. Give pseudocode for your algorithm and discuss running time.
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