
Competitive Programming Club
Meeting 5 - Number Theory



Introduction

Lecture:

1. Sieve of Eratosthenes

2. Properties of Modular Arithmetic

3. Finding Modular Inverses Using Euler's Theorem

4. Exponentiation by Squaring

Practice Problems and Guidance:

Practice Problems Link: https://vjudge.net/contest/627246 (5 problems, all from 
ICPC regional contests). I will resolve any questions and debug your code.



Brute Force Version of the Sieve of Eratosthenes

Prime Numbers: Numbers with exactly two factors, like 2, 3, 5, and 7.

Composite Numbers: Numbers with more than two factors, like 4, 6, 8, and 9.

Goal: Identify all prime numbers in the range [1, n].

How It Works: Starting from 2 up to n, make all multiples (at least twice) of each number 
as composite.

Result: Numbers that remain unmarked are primes.

Time Complexity: O(n log n).

Note: While not the fastest method available, it is the simplest to implement and widely 
used in contests due to its practical efficiency.





Sieve (Pseudocode)

Case 1: n <= 10^7

marked[1] = True

for i from 2 to n:

for j from 2 * i to n step i:

marked[i] = True

Optimization Tip: Store the marked array using a bitset for faster performance.



Sieve (Pseudocode)

Case 2: 10^7 < n <= 10^8

Time Complexity: O(n log log n)

marked[1] = True

for i from 2 to sqrt(n):

if not marked[i]:

for j from 2 * i to n step i:

marked[i] = True

Case 3: n > 10^8

Use Euler’s Sieve (Linear Sieve).



















Summary and Practice Problems

Recap: This lecture covered the Sieve of Eratosthenes, properties of modular 
arithmetic, finding modular inverses using Euler’s theorem, and exponentiation by 
squaring.

Practice Problems: Please practice the following problems to reinforce your 
understanding of number theory: https://vjudge.net/contest/627246.

If you have any questions about the lecture or need help with hints or debugging 
your code, feel free to ask me. I hope this meeting helps you deepen your 
understanding of number theory in competitive programming.

https://vjudge.net/contest/627246

