ACOL106: Data Structures and Algorithms (ITTD - Abu Dhabi, Semester-1-2025-26) Homework-11

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. Suppose we want to save keys from the universe U = {0,1,2,...,m — 1} for m = 100 into a table of size
n = 10. We will use universal hashing to select the hash function. Let us use the prime number p = 103
and use a = 22,b = 56. So, the hash function that we’ll be using to map the keys to the table locations
is:

hap(z) = ((22 - 2 4 56) (mod 103)) (mod 10)

Answer the following questions:

(a) Suppose we use separate chaining for resolving collisions. Draw the table after the following sequence
of operations: insert(21), insert(34), insert(42), insert(36), insert(19), delete(34),
insert(35), insert(56)

(b) Suppose we use open addressing along with linear probing for resolving collisions. Draw the table
after the same sequence of operations as in part (a).

(c) Suppose we use open addressing along with quadratic probing for resolving collisions. Draw the
table after the same sequence of operations as in part (a).

2. Let p > 1 be a prime number. Answer the following:

(a) Show that for any number a € {0,...,p — 1}, there is a unique b € {0,...,p — 1} such that (a + b)

mod p = 0.
(b) Show that for any number a € {1,...,p — 1}, there is a unique b € {1,...,p — 1} such that (a - b)
mod p = 1.

3. Recall the 2-universal hash function family discussed in class:
H={((ax+b) modp) modn | a€{l,...,p—1},0={0,...,p—1}}

where p > 1 is a prime number. Answer the following:
(a) Why did we choose p to be a prime number? Is H guaranteed to be 2-universal if p is not prime?
(b) Consider the family:

H ={((ax+b) modp) modn | ac{0,...p—1},b=1{0,...p—1}}.

Is H' also 2-universal?
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