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Introduction and Basic Concepts

The concept of algorithm is fundamental to computer science. Algorithms exist for many common problems and designing efficient algorithms plays a crucial role in developing large-scale computer systems. The course particularly focuses on algorithms used in competitive programming.
The students get knowledge about complexity of algorithms and learn their applications in such topics as graphs, sort and search, combinatorics. They will learn such algorithmic techniques like dynamic programming, divide and conquer, greedy. The course equips students with necessary knowledge and skills to understand the basic data structures and general techniques for the analysis and coding these algorithms using C/C++ or Java language.
This course is a part of the Bachelor program in Computer Sciences of ADA University and is dedicated to students engaged in programming olympiads. Due to the specific nature of the subject, the course Competitive programming is tightly connected with Programming principles and Data structures & Algorithms.
The prerequisite for this course is Programming Principles I (or II). The students must have knowledge in C or Java programming language. 
Students must bring their laptops during classes.
Aims and Learning Outcomes

The academic aim of the course is to expand and deepen the students’ knowledge in data structures and analysis of algorithms and learn them to code effectively.
Upon successful completion of this course, students will be able to:
1. Demonstrate critical thinking, analytical reasoning, and problem solving skills.

2. Apply appropriate algorithms and algorithm techniques to solve problems.

3. Identify a problem and analyze it in terms of its significant parts and the information needed to solve it.

4. See the differences between effective and non-effective algorithms.

5. Implement complicated problems involving combinations of algorithms on their own.
Workload

It is estimated that the students will need to solve up to 10 programming problems per week. Students will need from 4 to 6 hours per week for assignments.
Reading List
1. Steven Halim, Felix Halim (2013). Competitive programming 3, Handbook for ACM ICPC and IOI Contestants, 3rd ed. Lulu.

2. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest (2001). Introduction to Algorithms, 2nd ed. MIT Press.

Additional materials, articles and book chapters will be provided by instructor.

Assessment
The bulk of the assessment is weekly programming tasks at https://codeforces.com/?locale=en and www.e-olymp.com online judge systems, which involve solving problems using efficient algorithms learned in lectures. Students spend up to 6 hours per week on these assignments and often consult frequently with section instructors for help. Exercises for assessment are available at e-olymp.com in a separate group only for students and their tutor. Deadline for each contest is 2 weeks. A mid-term exam and a final exam account for a significant portion of the grade. 
The overall assessment of students will be divided as follows:
· Attendance: 5%
· 2 Homework = 2 * 25% = 50%
· Midterm: 25%

· Final exam: 20%
Attendance and tardiness

Attendance is an indispensible element of the educational process. In compliance with Azerbaijani legislation, instructors are required to monitor attendance and inform the Registrar and the Dean of the student’s respective School when students miss significant amounts of class time. Azerbaijani legislation mandates that students who fail to attend at least 75% of classes will fail the course.

Structure of the Course
	Week
	Topics
	Learning Outcomes (students will be able to)

	1
	Introduction to algorithms and competitive programming

	· Time and memory complexity

· Understand the principles of recursion

· xn, GCD, LCM, Cnk, Fibonacci

	2
	Exponentiation and its applications

	· Exponentiation xn in O(log2n)
· Euler and Ferma theorem. Modular inverse

· Fibonacci numbers in O(log2n)

	3
	Number theory

	· Prime numbers

· Eratosthenes sieve

· Extended Euclidean algorithm
· Diofant equations

	4
	Sequences
	· Problems with sequences and subsequences

· Longest common subsequence
· Longest increasing subsequence

	5
	Binary search
Ternary search
	· Problems with binary search
· Problems with ternary search

	6
	Introduction to combinatorics
	· Binomial coefficient
· Counting problems
· Generation of combinatorial objects

	7
	Dynamic Programming
	· Two-dimentional dynamic programming

	8
	Overview of basic data structures
	· Stack & Deque
· Linked List
· Set, Multiset, Map

	9
	Computational geometry
	· Introduction to computational geometry
· Problems solving

	10
	Graphs: depth first search
	· Depth First search and its applications

· Cycles, Bicoloring, Bipartite graphs

	11
	Graphs: breadth first search
	· Breadth First search and its applications

· 0-1 graphs

	12
	Graphs: strong connected components
	· Strong connected components

	13
	Graphs: shortest paths
	· Dijkstra algorithm
· Floyd Warshall algorithm
· Transitive closure

	14 
	Graphs: connectivity 
	· Connectivity

· Articulation points, Bridges

· Biconnected components


E-olymp Problems to solve:
www.e-olymp.com
Week 1: September 7 - 13

Recursive functions (simple): 

137. GCD

5198. Modular Exponentiation

9557. Bins and balls

5329. Party

Primes numbers, divisors: 

1616. Prime number?

8669. All divisors

Fibonacci numbers: 

4730. Fibonacci

263. Three ones

4469. Domino

8295. Fibonacci string generation

5091. Explosive containers
5103. Koza Nostra

5092. Honeycomb

Recursive functions (middle): 

1343. Bad substring

5973. Out of the line!

6583. Counting ones

137,5198,9557,5329,1616,8669,4730,263,4469,8295,5091,5103,5092,1343,5973,6583

Week 2: September 14 - 20
Exponentiation: 

4439. Exponentiation

9644. Sum of powers
9646. Sum of powers 2

5493. Just add it

9592. Concatenation of two palindromes

9616. Anti-palindromic strings

Euler function: 

339. Again irreducible

1563. Send a table

Fermat’s Theorem: 

5213. Inverse

9606. Modular division

9627. a^b^c

1083. Sequence

7807. Happy sum

4742. Number of divisors

1564. Number theory

4107. Totient extreme

4439,9644,9646,5493,9592,9616,339,1563,5213,9606,9627,1083,7807,4742,1564,4107

Week 3: September 21 - 27
Prime numbers: 

1642. Hometask

572. The lesson of mathematics

1352. The number of primes

Number of divisors: 

414. Equation

6286. Mysterious equation

4283. Stepan and pairs

1782. The sum of divisors

Sieve of Eratosthenes: 

4739. Sieve of Eratosthenes

33. The favourite numbers of Santa Claus

3843. Primes

1302. Almost prime numbers

7835. Seven primes

Extended Euclidean algorithm 

1155. Euclid Problem

563. Simple equation
1565. Play with foor and ceil

5213. Inverse

1642,572,1352,414,6286,4283,1782,4739,33,3843,1302,7835,1155,563,1565,5213
Week 4: September 28 – October 4
Longest Common Subsequence: 

1618. The Longest Common Subsequence

1079. Removing the letters

4260. LCS – 2

1765. Three sequences 

Longest Increasing Subsequence: 

988. Subsequence

1366. Stock Exchange
832. Increasing subsequence

Sequences: 

6198. Minimum sum

2585. Profit

6387. Islands in the data stream

2012. Sequence

5621. Find a multiple
1618,1079,4260,1765,988,1366,832,6198,2585,6387,2012,5621

Week 5: October 5 – 11 
Binary search, dichotomy: 

3968. Square root

4420. The root of a cubic equation

Binary search, discrete: 

9016. Binary search

9017. Binary search – 1 

9018. n-th integer divisible by a or b
9019. n-th integer divisible by a or b or c
9020. Split into k sub-arrays

9021. Count th integers of the form 2^x * 3^y
9022. Count the tripples

9023. Minimum increments

9024. Distribute candies among people

Binary search, ACM problems: 

1302. Almost prime numbers

7329. Construction

Binary search, geometry: 

3532. Interesting polygon

1506. Crossed ladders

Ternary search: 

10169. Ternary search

4419. Dense forest

3968,4420,9016,9017,9018,9019,9020,9021,9022,9023,9024,1302,7329,3532,1506,10169,4419

