0 N
HF’I (’a BEEMEMLRHRE
Hong Kong Olymp iad in Informatics

Introduction to

Competitive Programming

Ethen Yuen {ethening}
2026-02-14



0 T .
HH (a BEEEBKEMILIZHRE Introduction to Competitive Programming | 2
Hong Kong Olympiad in Informatics

What is Competitive Programming?

“Competitions where contestants write computer programs to solve a set of

well-defined problems within a limited amount of time. The judging is based on
correctness and time spent.”
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What is Competitive Programming?

“Competitions where contestants write computer programs to solve a set of

well-defined problems within a limited amount of time. The judging is based on
correctness and time spent.”

Common misconceptions: Competitive programming is all about writing code.
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What is Competitive Programming?

“Competitions where contestants write computer programs to solve a set of

well-defined problems within a limited amount of time. The judging is based on
correctness and time spent.”

Actually, competitive programming focuses mainly on problem solving, and to
represent your solution in a formal way (that is, by writing code).

e In HKOI Training, we will teach you both 1. problem solving and 2. coding effectively.
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Competitive Programming VS Math Olympiad

“... solve a set of well-defined problems ..."

P - ]
Corporate needs you to find the differences
between this picture and this picture.

B They're the same picture.



. N == = 2r3z
HH@ BEEREMEMILERE Introduction to Competitive Programming | 6
Ho

ng Kong Olympiad in Informatics

Competitive Programming VS Math Olympiad

While they do share a lot of common problem solving techniques, they care
about different parts of the problem generally.

What Engineers do:

“There’s a fire in the
office. | will put it out with
this fire extinguisher.”

S

E

“There’s a fire in the
office. This fire extinguisher
is the solution.”

https:/www.reddit.com//mathmemes/comments/p2udxh/who_wants to_be applicable/
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Competitive Programming VS Math Olympiad

Mathematics Olympiad Competitive Programming
e Prove the existence of ... e Find the number of ... after n days, where 1
e Prove the characteristics of ... < n < 10°. The program should terminated
e Find the greatest k such that ... within 1.00 second.

e Given input files of 2D points, connect the
points using the least number of line
segment, scoring is determined by how
many lines you use.

We also can have solution in competitive programming (that
doesn’t make sense in Math Olympiad) like:
e Let’srandomly pick 100 candidates and see if they are the
answer, else return impossible


https://zh.m.wiktionary.org/zh-hant/%E2%89%A4
https://zh.m.wiktionary.org/zh-hant/%E2%89%A4
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Competitive Programming VS Real-world Programming
JOBS REQUIREMENTS

THE JOB INTERVIEW THE JOB

—_—

MAKE THE
BUTTON
BIGGER!

INVERT A BINARY TREE
ON THIS WHITEBOARP.

ITTER.COM / VINCENTPNL

/ n

https:/www.reddit.com/r/ProgrammerHumor/comments/i49h96/jobs_requirements/



https://www.reddit.com/r/ProgrammerHumor/comments/i49h96/jobs_requirements/
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Competitive Programming VS Real-world Programming

“solve a set of well-defined problems” “well-defined problems” (?)

Languages

mostly C++ (because it's fast!)
Applications

not really for real-life use, and you
won't have N=10° friends
Knowledge

data structures, algorithms, maybe
some maths, basic coding

What we care

time efficiency (99.99% of the time),

space efficiency, ...

Languages

Any (Python, JavaScript, Java, C, C++,
Assembly, ...)

Applications

websites, softwares, mobiles apps, robots,
OSs, bots, ...

Knowledge

domain-based, e.g. web/app frameworks,
game engines, ...

What we care

code maintainability, readability,
sometimes efficiency, ...
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Why Competitive Programming?

e Strengthen your problem solving / logical thinking skills
e Maybe strengthen your coding skills
e Learn more stuffs related to Computer Science

e Learn how to be determined and strong to aim for the top
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Why Competitive Programming (Sport Programming)?

e Learn how to be determined and strong to aim for the top

e Similar to sports activity
o Always trying to be beat your personal best
Learn from your peers and compete with them
Constantly hold yourself to a high standard
Learn to cope with failure
Become the best of the best to be a HK representative

O O O O
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Why Competitive Programming (Sport Programming)?

Great blog to read: My winning theory
in 1012018 & 2019 — Why lwon 2

golds in 10l

“The competition results will not be determined
until the last minutes, the last second, and even
the last 0.1 second. The person who never gives
up until the last moment will win.”

E869120

(The author do 10-hours long virtual
contest to prepare for 5-hours 101 and
do marathon (actual running) to train
physical and mental strength.)

+79

Around 7 hours per day. This is an example of my schedule (weekends)
around 2 month before 10I.

04:
05:
06:
113
11
1%
100
100
100
315

45
00
00
10
45
00

Wake

up

Breakfast / warm up (jogging etc.)

= S
e i
- 12:
- 18:
< 493
- 20:
- 228

00
40
45
00
00
00
00

I0I-1like Virtual Dayl (5 hours)
Lunch

Review of IOI-like Virtual Dayl
I0I-like Virtual Day2 (5 hours)
Review of IOI-like Virtual Day2
Dinner

Codeforces Virtual (Div.1)

Go to bed

This is an example of contest-based days. There are also some review-
based days. In review-based day, | will review some of virtual contest

that | did before.


https://codeforces.com/blog/entry/69100
https://codeforces.com/blog/entry/69100
https://codeforces.com/blog/entry/69100
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Why Competitive Programming (Sport Programming)?

e '"Is it still worth Codngangaiams
learning coding a:5
and competitive
programming?"

2512
2352

GGGGGGGGGGGGGG

e Even putting all the tangible benefits aside. It's still quite fun to challenge
yourself intellectually!
e | hope you can find the enjoyment within competitive programming.
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Starting from HKOI Feb Regular Training

We are here! For HKOI medalists and other interested
secondary school students.

What's next after HKOI Final Event?
Trainings & Competitions!

May Team Formation Test
Result of this test is used to select members for
More detG”S on httDS//h kOI Orq/ external competitions and other learning
- * ’ activities.
Aug Hong Kong Team Training

By invitation, for members selected for external
competitions.

Sep External Competitions

Such as China National Olympiad in Informatics,
International Olympiad in Informatics.


https://hkoi.org/
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Training Team 2026 Schedule

° ° Important: The following is subject to change. Please visit this page to get the most up:
R e g u la r I ra I n I n g m YEUNG-B7510, City University of Hong Kong m LI-G60D, City University of Hong Kong
PIITY L1-3610. City University of Hong Kong m LI-4307, City University of Hong Kong

Pre-registration required to attend the training sessions. Walk-in is not allowed.

AM Session PM Session
ect u re ek 1000 -13:00 1400 - 17:00

e Topics on different algorithmic skills (and more) e - - [,

Week 8
2026-02-21

Data Structures iy s :
2026-02-28 i Wai Ka Hei Hsieh Chong Ho

Graph Theory s = .. [

. . Week 11 Graph (V) 3

Dynamic Programming = - [ Bl
Week 12 Dynamic Programming [III} Dynamic Programming ()

M Gt h S 2026-03-21 Ko Kin Fung Nichotas Chow King Wang Mini Competition (1)

: 2;:;;;3 M EGOI Team Farmation Test
Ad-hoc Tricks

Week 14

o O O O O

2026-04-04 No Training (8BQ)
Computer Science related knowledge P O R [

Week 16 Flow and Graph Matching () Graph {Il) Game Theary
---------------------------- G600
2026-04-18 Yuen Lok Kan Ethen Chow King Wang Woang Chun
Week 17 Flow and Graph Matching (1) Data Structures (Il .
G600 Mini Competition (Ill}
2026-04-25 Lu Yi Fung Wong Cheuk Kiu

Minicomp e [

2026-05-02

Mathematics in Of (1)

Woang Chun

e 4 Mini Competitions to get you prepared for the mecosas ot

Week 20
2026-05-16

Team Formation Test.

2026-05-23
2026-05-24

N Training

Team Formation Test
(2 days)
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Regular Training

About Us

Executive Committee

Lecturer Lineup
e Trainers who are previously HKOI trainees! Chairperson

Oa Yang Hau Chung, HKACE (Yan Oi Tong Tin Ka Ping Secondary School)

O Undergraduotes, postgrads Gnd Ex officio member

Technology Education Section, Curriculum Development Institute, Education Bureau, HKSARG

software engineers in different fields Vice-chairperson

‘Wong Man Hang
Wong Tsz Chun

o Ex-HKrepresentatives

Yuen Lok Kan Ethen (Head, HKOI Training Team)

o Still actively competing in contests Members

Chan King Kai Hsieh Chong Ho Wang Chi Ho Bosco
Chan Pak Hei Ip Tsz Oi Wong Cheuk Kiu
Cheng Yu San Ko Kin Fung Nicholas Wong Chun

Cheung Cheuk Nam Lu Yi Fung Wong Ho Yan
Cheung Hui Yat Siu Lok Yin Wong Man Lai Angus
Chow King Wang Wai Ka Hei

e Feel free to ask us any questions about the
lectures or tasks or get general tips on Scientific Committee

Tung Kam Chuen (Head)
Chiu Long Hin Vincent

competitive programming.

https://hkoi.org/en/about-us/



https://hkoi.org/en/about-us/
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Regular Training

Level A
Training

Structure

e Topics are classified into 4 progressive levels
e Practice tasks for each level for self-learning and LeYe! B
lecture-use. Training

Level D
HKDSE
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Training Team 2026 Schedule

° ° Important: The following is subject to change. Please visit this page to get the most up: 1
R e g u l a r I ra I n I n g (B veUNG 87510, City University of Hang Kang 23 1-cs00. City Universty of Hong Keng
m LI-3610, City University of Hong Kong m LI-4307, City University of Hong Kong
Pre-registration required to attend the training sessions. Walk-in Is not allowed.
AM Session PM Session
t ru Ctu re ek 10:00 - 13:00 1400 - 17:00
Date

Level A Level 8 For 4 trainces

e Foundation topics (mostly Level C & D) will E"‘”‘“ . E-:mm
be taught in video-lectures format. e, emn g e Pl

Week 10 Data Structures (V) Data Structures (Il

o Recursion, Divide and Conqguer Part 1 / HKOI Sl [ = -

] ] ertcd ﬁiw?: ﬁ.:.;eeﬁ.lc'!h . .:9:‘5?;{3‘?:}5'955-.5.?‘.‘1{‘135‘&&91
Searching and Sorting Part 1 / HKOI — EU::“:LWW""’ Hm:wm H L
2026-03-21 Ko Kin Fung Nichotas Chow King Wang Mol Competiion 61
Data Structures (I) Part 1 / HKOI et

S Lok Yin

EGOI Team Formation Test

Greedy Algorithms Part 1 / HKOI red e
More to come... Rl - E TN - === - O

Week 16 Flow and Graph Matching () Graph {ll Game Theary
For new training team members and e [eEmet Q.. -~

Week 17 Flow and Graph Matching (1) Data Structures (Ill) Mini Comieition
non-trainees, you are strongly suggested to W u:::f;'wmm == H

2026-05-02 Yuen Lok Kan Ethen, Lu Yi Fung Woang Chun

learn these topics on your own. weskss o

2026-05-09 A
2026-05-10 ik

o O O O O

Week 20

2026-05-16 ety

Week 21
2026-05-23
2026-05-24

Team Formation Test
(2 days)


https://youtu.be/U2RtORrp48I?si=yzNn5938iwOYFaTK
https://youtu.be/_Bh0NKCKfPk?si=kTHgoWzAxIIOt1Av
https://youtu.be/My9J-EkktXY?si=nZuLXqrtv0WN2sJd
https://youtu.be/aj3BKEytKpM?si=sfha0liHpOieUAR8
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Training Team 2026 Schedule

° ° Important: The following is subject to change. Please visit this page to get the most up.
R e g u la r I ra I n I n g m YEUNG-B7510, City University of Hang Kong m LI-GBOD, City University of Hong Kong
m LI-3610, City University of Hang Kong m LI-4307, Gty University of Hong Kong

Pre-registration required to attend the training sessions. Walk-in is not allowed.

Structure Dt Dt

Date
Level A Level B For 3 trainees

AM Session: divided into level A & level B B - R | el
Weak 8 Dyssenic Brogremmiog. 1) | Programm gl Crh BONERICon R S
Level B 2026-02-21 @ Siu Lok Yin Wong Cheuk Kiu Chan King Kai

Week9 IS Graph ()

0O For ﬁrst_yeqr trqining teqm StUdentS 2026-02-28 H\VHIKQHG MWOHQCMI&KIH ﬂuzimcnm;ua

Week 10 Data Structures (V) Data Structures (Il
----------------------------- Mini Competition ()
F d t | I t h 2026-03-07 H Wong Chun ﬁ Yuen Lok Kan Ethen H
O U n G I I l e n O G g O rl l I I S Week 11 ﬁ Gragh (V) ﬁ Graph {I) H Constructive Algos, Special Tasks (i)
u

2026-03-14 Wong Chun Yuen Lok Kan Ethen

e Level A ot B B
Mini Competition (if)

2026-03-21 Ko Kin Fung Nicholas Chow King Wang

o For experienced students ey . R

O AdVGnced tOpiCS 2026-04-04 No Training (BBQ)
e Entry Criteria for Level A (any one) ey g e o ";"‘f“’“"""”““"
o Received HKOI Training Team 2025 Certificate " H" g

2026-04-25

of Attendance i

2026-05-02 ‘Yuen Lok Kan Ethen, Lu Yi Fung

Participated in HKOI Training Camp 2025. e A0 T

&
2026-05-10 Formation Test

Received Gold Medal award in HKOI 2025/26. eszo e

Week 21

o Solved 200 or more tasks on HKOI Online Judge. ez et

2026-05-24
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Attendance Policy

No session is compulsory, but we do take attendance.

Attendance is taken separately for AM and PM sessions.

You must take attendance if you are present.

You may be considered absent if you arrive late / leave early.

Training Team members who attend at least 60% of the sessions (each day of
Team Formation Test and APIO each counts as 2 sessions) will receive a certificate.



HH(‘ IMEMILEGRE Introduction to Competitive Programming | 21
Hong Kong Olympiad in Informatics

Online Judge

P Mainly’ We use the HKO' Online HH@ Online Judge A ethening-Ethen ~ &onine:2~ (04:42:24 o

Search. Q

ludge for training purpose. Good morning, Ethen!

- = Tasks
o TG S kS fO r p revious H KO | eve ntS ’ o Subicsions HKOI Training Team 2023 Tasks
h | I i i @ Judge Status The first training session "Introduction to HKOI" and "Solutions to HKOI 2022/23 Final Event” will be AVAILABLE 978
Ot e r o CG eve nts ’ m I n I Co m p s ’ held on February 4, 2023 (Saturday). To attend the first session, you must register on or before YOU SOLVED 543
- Code January 31, 2023 (Tuesday).
G n d tea m fo rm Otl O n te Sts G re olcontents Please refer to the general information and schedule page for more details.

All Submissions
Posted on 2023-01-28 01:00:00

GVG“Gble. Ll Leaderboard

COUNT 815760
& Admin s . 14 DAYS
N Date / Time User Task Language 2749
2023-01-30 01:04:48 D112 - Bitwise operations G
Your Submissions
2023-01-30 01:04:05 D111 - Body Mass Index C
2023-01-29 23:55:46 D100 - Calculate A+B Python 3 COUNT 2043
14 DAYS 10
2023-01-29 23:47:06 D101 - Phone number Python 3
LAST 3d22h
2023-01-29 22:59:06 D202 - Factors Python 3
2023-01-29 22:40:34 D106 - Ordinal number Python 3 Terms of Use -
Privacy and Data Policy
2023-01-29 22:27:22 D805 - Merging sub-arrays C++
2023-01-29 21:53:53 J162 - Time Zones C++20
2023-01-29 21:44:37 D109 - Giving changes Python 3

2023-01-29 21:19:21 M223I - Independent Set C++20


https://judge.hkoi.org/
https://judge.hkoi.org/
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Team Formation Test

HKOI SDIC Gold HKGOI
Medallists Medallists Medallists

[ Team Formation Test (May, 2 days) EGOI Team Formation
/ \Y/ Test (March, 1 day)
NOI \
0l Training Camp EGOI

etc...
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L
N

O | Tra i n i n g Ca m p *The camp is mandatory for all HK representatives.
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ACM-HK Contest / ICPC Hong Kong Regional Contest

. § ERBEAR
e THE HONG KONG
UNIVERSITY OF sCiENCE (g | COMPUTER SCIENCE & ENGINEERING
te AND TECHNOLOGY k +§mﬂ$&lf 25

g Acm
Programming
Contest 2025 N

ACM-HK Programming Contest 2025

ICPC Hong Kong Regional Contest 2025
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National Olympiad in Informatics N 2ES D EEESRRTESR

NOI 2025, Shaoxing
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4 v
International Olympiad in Informatics ( )/%
X

BOLIVIA2025

OLIMPIADA INTERNACIONAL DE INFORMATI

1012025, Sucre, Bolivia
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Other External Competitions

e APIO - Asia Pacific Informatics Olympiad
e |OM - International Olympiad of Metropolises

n;mmn orummus:sxg ( J E

y‘x

IOM 2019, Moscow IOM 2021, Online
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ts you in front

What awai

officially known as the

“Uzbekistan,

is a landlocked

H

Republic of Uzbekistan
country in Central Asia.

»

UZBEKISTAN
101 2026 TASHKENT

101 2026, Tashkent, Uzbekistan

https://ioi2026.uz/


https://ioi2026.uz/
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What awaits you in front...

EGOI 2026, Cesenatico, Italy

https://eqoi2026.it/


https://egoi2026.it/
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Important Notice

Make sure your travel documents have at least 6 month validity beyond
the date of departure from the Hong Kong.

The registration deadline of external competitions is usually close to the
selection test.

You should renew your Mainland Travel Permit & Passport now,
regardless of how likely you would become a HK representative.
We will select the next contestant in the ranking if there are troubles with

the documents’ validity.
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The World of Competitive Programming

=

000©
IC C International Collegiate
p Programming Contest

ICPC - International Collegiate Programming Contest

e Team-based contest for college students (Cotmsaian)
o Regional - i bt
o Regional Final =<
o  World Final

e FEach solve earns you 1 balloon
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The World of Competitive Programming

Codeforces: https://codeforces.com/ (recommended)

ls CoDEFORCES

Sponsored by TON

HOME TOP CATALOG (CONTESTS GYM PROBLEMSET GROUPS RATING EDU APl CALENDAR HELP

Codeforces Round 924 (Div. 2)

By Artyom123, history, 3 days ago, a5

Hello, Codeforces! We're glad to invite you to take part in Codeforces Round 924 (Div. 2), which will start on Sunday, February 11, 2024 at
17:3597¢+4, You will be given 6 problems and 2 hours to solve them.

This round will be rated for participants whose rating is below 2100. Participants with higher rating can participate unofficially.
The problems were authored and prepared by vaaven, silvvasil, Alexdat2000, teragaq and me.
The round is based on Moscow Olympiad for school students.

We would like to thank
o Ti for his high-speed
« nor, Wizard_of_Orz, GreatEagle, rolandpetrean, volochai, A_G, Wobert, --tofu--, -is-this-fft-, jamesbamber, franv,
MalteoArcan sum, rayban, Be11T_, sashastrakhal, ihavenoenemies and cowglrl for testing;
for creating C and Polygon.

Score distribution: 500 — 1000 — 1500 — 1750 — 2250 — 2750

UPD: Editorial

Introduction to Competitive Programming | 32

Regular contests of different divisions, compete with worldwide top players
Most recognized Elo rating system (if you heard about someone showing off their “color”)

Rating range Title Division
3000 — 3999+ | Legendary Grandmaster | 1
2600 — 2999 | International Grandmaster | 1
2400 — 2599 | Grandmaster 1
2300 — 2399 1
2100 — 2299 1
1900 — 2099 | Candidate Master 1/2
1600 — 1899 | Expert 2
1400 — 1599 | Specialist 2/3
1200 — 1399 | Pupil 2/3/4
<1199 Newbie 2/3/4



https://codeforces.com/
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The World of Competitive Programming

AtCoder: https://atcoder.jp/ (recommended)

e Japan-based contest site (more observation-based tasks)
e Algorithmic contest & Heuristic contest

Etey

. How to get an account / participate in contests?
Active Contests & partia
AtCoder's Contest Format
Start Time Contest Name
AtCoder's Testcases - AtCoder's Rating System - AtCoder Race Ranking(2023)
2/9(Fr) 18:00 ®® THIRD PROGRAMMING CONTEST

2023 (AtCoder Heuristic Contest 030)

Permanent Contests KAJIMA CORPORATION CONTEST 2024 (AtCoder Beginner Contest 340) Announcem:
Cortestifame posted: 2 days ago

B0 precicaconast We will hold KAJIMA CORPORATION CONTEST 2024 (AtCoder Beginner Contest 340) .
®® AtCoder Library Practice Contest
« Contest URL: https://atcoder.jp/contests/abc340

 Start Time: http://www.timeanddate.com/worldclock/fixedtime.htmI?is0=20240210T2100&p1=2
« Duration: 100 minutes

« Writer: kyopro_friends, Nyaan, leaf1415

Start Time Contest Name « Tester: MMNMM, physics0523

« Rated range: ~ 1999

 The point values: 100-200-300-425-475-525-600

Upcoming Contests

2/17(Sat) 20:00 (®® Toyota Programming Contest 2024#2
(AtCoder Beginner Contest 341)
We are looking forward to your participation!

2/18(5un) 20:00 ®® AtCoder Regular Contest 172



https://atcoder.jp/
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The World of Competitive Programming

Project Euler: https://projecteuler.net/about
Judge that only accepted numerical answer, more mathy tasks

{
- L ed €
Project Euler Sunc i Feb
o
About . Recent Progress Account News Friends Statistics
=
Multiples of 3 or 5
Problem 1 »

If we list all the natural numbers below 10 that are multiples of 3 or 5, we get 3,5, 6 and 9. The sum of these multiples is 23.

Find the sum of all the multiples of 3 or 5 below 1000.

Answer: [| ]
Check



https://projecteuler.net/about
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The World of Competitive Programming

Ol Checklist: https://oichecklist.pythonanywhere.com/ (strongly recommended)
e Checklist for hard problems from past Ols of different countries

International Olympiad in Informatics

Progress on 10l Problems

I
1012023 Closing Longest Trip Soccer
101 2022 Fish Prison Towers Circuit Insects Islands
101 2021 Candies Keys Parks DNA Dungeons Registers

1012020 Plants Supertrees Tickets Biscuits Mushrooms Stations


https://oichecklist.pythonanywhere.com/

HF’I (c M B AM UL 5 5 B
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Common Contest Rules

|01 Style

3 to 5 tasks, 100 points each (usually)
Each task will be divided into subtasks (or cases)
Rank based on points you get

Solving speed is less important

Common in high school contests
o  HKOI Final Event, HK TFT (Team Formation Test)

Rank

1

2
3
4
5
6
7
8

1
12
13
14
15
16
17
17
19
19
21
22
22
2
25
2
27
28
28
30

First Name Last Name Team cand... keys parks
Mingyang Deng
Yi Qian
Chenxin Dai
Haoxiang Yu
Rain Jiang
Ryomei Sugai
Ditbul Ban
Ashley Aragorn Khoo
el £

Harris Leung HKG2 -
o] TRoy g 37

e g

! Harri€’Leung (HKG)
Siyong Huang usm- 37 n
Marco Meijer NLD1- 37 [ 55 | 192
Dorijan Lendvaj HRvz (600 o n
Jan Strzeszyriski poL2 | 38 -
Patrick Pavié wrvi (800 o7 (700
Timothy Feng USA4- 37
loan Popescu ROU4
Mikhail Budnikov RUS3 |
Egor Lifar RUST
Alireza Keshavarz Hedayati IRN2 |
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Competitive Programming in

Real Life

Language Result (]
C++11 Wrong Answer
C++11 Time Limit Exceeded
C++11 Wrong Answer
Python 3 Wrong Answer
C++11 Wrong Answer
G Wrong Answer
Pascal Runtime Error
Java 8 Wrong Answer
C++11 Compilation Error
C++11 Time Limit Exceeded
Python 3 Wrong Answer
C Wrong Answer
C Wrong Answer
C++11 Wrong Answer
C++11 Compilation Error
Pascal Compilation Error
C++11 Time Limit Exceeded
Pascal Wrong Answer
Python 3 Wrong Answer
C++11 Time Limit Exceeded
C Wrong Answer
Pascal Compilation Error
Java 8 Wrong Answer
Pascal Wrong Answer
C++11 Time Limit Exceeded
C++11 Wrong Answer
C Wrong Answer
C++11 Wrong Answer
C++11 Wrong Answer
C++11 Wrong Answer
Pascal Compilation Error
C++11 Time Limit Exceeded
Pascal Wrong Answer

C++11

Time Limit Exceeded
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Competitive Programming in Real Life

It doesn't work...... why?
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Competitive Programming in Real Life

e When you just start learning programming, the hardest part is to

implement your thoughts into actual code (which should be able to
compile and run)

o Similar to you trying to speak out your thoughts in a foreign language

e But when you get better, you will find out the tasks ask for more than a
solution. It wants an efficient solution.
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Competitive Programming in Real Life

e Let'ssayyouneedtocalculatel1+2+3+...+N.

Solution 1: A for loop looping from 1 to N, adding them each to a sum.
e Solution 2:
o Note that you can duplicate all numbers, and pair them up (1, N), (2, N - 1), (3,
N-2),..,(N-12),(N,1).
Every pair sums to N + 1. There are N pairs in total.
Hence, the sumis N * (N + 1) / 2.

e You should probably notice that Solution 2 is faster. But how do we say that
formally? We usually use something called Big-O notation.
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What is Big-0O?
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Motivation

e A way to measure the run-time of our program / algorithm
e Commonly used among competitive programming world
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Time Complexity

Quicksort 7
e Best-case performance . "
e Average performance Had Wk
e \Worst-case performance 1]

Animated visualization of the quicksort
algorithm. The horizontal lines are pivot

values.
Class Sorting algorithm
Worst-case o(n?)
performance
Best-case QO(n log n) (simple
performance partition)
or O(n} (three-way
partition and equal keys)
Average O(n log n)
performance

Quicksort - Wikipedia
https://en.wikipedia.org/wiki/Quicksort
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Time Complexity

What we really care:

e Worst-case performance (99% of the time)
e Average performance (1% of the time)
e Best-case performance (nearly never)

About hacking Java's Array.sort(): https://codeforces.com/blog/entry/64109



https://codeforces.com/blog/entry/64109

0 N
HF’I@ BEEMEMLRHRE
Hong Kong Olympiad in Informatics

Time Complexity

Introduction to Competitive Programming | 47

e Try to express the number of (basic) operations our program will execute
e As a function in terms of inputs

Example:

cin >> N >> K;
for (int i = 1; i <= N; i++)
if (i % K == 0)
ans++;
cout << ans;

// total 2N+N/K+2 operations

// 1 operation

// N
// 1
// 1
// 1

operations

operation that happens N times
operation that happens N/K times
operation
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Big-O Notation

e Big-O notation helps us simplify the time complexity function
e Intheory, we are interested in when the inputs could be infinitely large

O(g(n)) Q(g(n))

[advanced ] Formal definition:

f(n) = O(g(n)) if there exists n,, ¢ > 0 such that
f(n) < cg(n) foralln>n,

Other types of bounds

So, formally 3N? is also O(NN) but O(N?) is a tighter known valid bound, thus we would say it's O(N?)
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Big-O Notation

Theoretically, we do not care coefficients and constant terms

e 3N+b — O(N)

e 5N3+26Q O(N3+Q)
e 10000KN?©> O(KN®®)
o 3NZK O(NZ)
e 500+7000 O(1)
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Big-O Notation

We only care terms that dominate the function

o N2+N+Q — O(N*+Q)
o NN+NOK+KN — O(NK+KM)
o 2V4N? oY

o NV+N! — O(NN)

e NlogN — O(NlogN)
e JlogN+N — O(N)

e log,N — O(logN)
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Examples

cin >> N >> K; // 1
for (int i = 1; i <= N; i++) // N
if (i % K == 0) // 1
ans++; // 1
cout << ans; // 1

// total 2N+N/K+2 operations — O(N)

operation

operations

operation that happens N times
operation that happens N/K times
operation

Introduction to Competitive Programming | 51

note: assume K never falls in (-1,1)
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Examples

Count number of pairs (i, j) where 1 < i, j <Nand j is a multiple of i

cin >> N;
for (int i = 1; i <= N; i++) // N operations
for (int j = 1; j <= N; j++) // N operations that happen N times
if (3 %1 ==0)
ans++;

cout << ansj;

// total time complexity: O(N?)
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Examples

e Linear search — O(N)
e Binary search — O(logN)

Bubble sort — O(N?)
Insertion sort  — O(N?)
e Merge sort — O(NlogN)
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Examples

cin >> N;
for (int i = 1; i <= N; i++)
for (int j = 1; j <= 1i * i; j++)
ans++; // how many times?
cout << ans;

/] 12+22+3%+4%+. . . +N?> = ?
// = N(N+1)(2N+1)/6
// total time complexity: O(N3)

Introduction to Competitive Programming | 54
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Examples

cin >> N;
for (int i = 1; i < N; i++)
for (int j = 1 * i; j < (i+1) * (i+1); j++)
ans++; // how many times?
cout << ans;

/] (22-12)+(82-22)+(42-32)+. . . +(N?~(N-1)2) = N2-12
// total time complexity: O(N?)
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Examples

Introduction to Competitive Programming | 56

Count number of pairs (i, j) where 1 <1, j <Nand j is a multiple of i

Previous code

cin >> N;
for (int i = 1; i <= N; i++)
for (int j = 1; j <= N; j++)
if (1 %1 ==0)
ans++;

cout << ans;

// total time complexity: O(N?)

New code

cin >> N;
for (int i = 1; i <= N; i++)
for (int j = i; j <= N; j += 1)
ans++; // j % 1 == @ always
cout << ans;

// time complexity is better than O(N°) :D
// why?

// N/1+N/2+N/3+N/4+...+N/N = ?
// It’s Nl1gN [check out Harmonic Series]

// Therefore, time complexity is O(N1gN)
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Comparisons

Is O(N) always worse than O(1)?

Is O(NIgN) always worse than O(N)?
e Yesandno
e Yes:in computer science theory, we care about when N is infinitely large
e No:in real-life, it depends on your program, constant terms still matter
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Estimations

A modern CPU can execute more than 10° instructions per second
When N=10° O(N) program always finish in 1 second?

Some factors to think about:

e Type of instructions (e.g. bitwise operations are faster than modulus and divisions)
e Type of functions/containers (e.g. std: :sort V.S. std: :set)

e Data type and judging machine (e.g. 64-bit computations on 32-bit machine)
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Estimations

For TL=1s,
e O(N) — N < 107
e O(NIgN) — N < 10°
e O(N? — N < 5000
e O(N? — N <300
e O(N% — N <100
e O2Y —~N=<20
e O(N) —~N=<10
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Estimations For TL=1s,
e O(N) — N < 10/
For TL=1s, e O(NIgN) N < 10°
e N=<10 e ON? — N <5000
— maybe O(N)? e O(N3 — N <300
e N <10°5x10° 10° e O(N% N <100
— maybe O(NIgN)? or O(N), O(NIg2N) e 0(2%) — N =20
e N <1000, 5000 e O(N) —N<10
— maybe O(N?)? or O(N?IgN)

e Large coefficient & constant terms would affect this decision.
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Amortized Complexity

Sometime, the time complexity is more accurate when analyze as a whole, but
not as individual parts.

Consider implementing a data structure that supports the following:

e push(x) - push x into the stack
e pop() - pop the top element in the the stack (if it exists)
e multipop(n) - pop the top n elements in the stack, or until the stack is empty

What is the time complexity of the program handling N operations on this
data structure?
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Amortized Complexity

If analyze the time complexity of each operations individually
e push(x) - O(1)

e pop() - O(1)
e multipop(n) - O(N)

What is the time complexity of the program handling N operations on this
data structure? O(N?)

Does this make sense?
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Amortized Complexity

If analyze the time complexity of each operations individually
e push(x) - O(1)

e pop() - O(1)
e multipop(n) - O(N)

What is the time complexity of the program handling N operations on this
data structure? O(N?)
e multipop(n) is only costly if there are many push(x) operations before.

How do we formulate a better time complexity bound by considering both the
costly operations and cheap operations?
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Amortized Complexity

e push(x) - push x into the stack
e pop() - pop the top element in the the stack (if it exists)
e multipop(n) - pop the top n elements in the stack, or until the stack is empty

You may observe that the time cost is actually bounded by the number of
elements that have been push into the stack, that is O(N) in total.

e By distributing this time cost onto each operation, we can say that the operations
are amortized O(1).
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Amortized Complexity

There are more formal ways of analysing the algorithm’s amortized
complexity. From wiki, there are

e Aggregate method - calculate amortized complexity by T(n) / n

e Accounting method - define a cost for each operation

e Potential method - define a potential function for the state of the data structure,
and analysis on how the operation change the potential

They are not really useful during contest time (usually you should just reason it

by intuition), but you may encounter them down the road for advanced data
structure.
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Amortized Complexity

Amortized complexity also comes into play for commonly used C++ standard
container like std::vector.

const int N = 10'000'000;

int main() {
vector<int> v;
for (int i = 0; i < N; i++) {
v.push_back(i); // what’s the time complexity? 0O(1)?

}
// In fact, it’s only amortized 0(1)

http://colusplus.com/reference/vector/vector/push_back/
https://assets.hkoi.org/training2019/adv-cpp.pdf
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Amortized Complexity

#include <bits/stdc++.h>
using namespace std;
using namespace chrono;

const int N = 10'000'000;
int main() {

vector<int> t, v;
for (int i = @; i < N; i++) {

auto tl = high_resolution_clock: :now();
v.push_back(i);
auto t2 = high_resolution_clock: :now();

auto duration = duration_cast<microseconds>(t2 - tl).count();
t.push_back(duration);

int total = accumulate(t.begin(), t.end(),

sort(v.begin(), v.end(),
return t[lhs] > t[rhs];

’

%6dus\n", total);
%6dus\n", t[v[N / 2]1);

printf("total time
printf(" median
printf("\n");
for (int i = 0; i < 8; i++) {
printf("t[%7d] = %6dus [%7.4f%%]\n", v[i],
100. / total);

}

tlv[i]], tlv[i]] *

0, std::plus<int>());

[&t](const int& lhs, const int& rhs) {

total time
median

t[8388608]
t[4194304]
t[2097152]
t[1048576]
t[ 524288]
t[ 262144]
t[ 131072]
t[ 65536]

Introduction to Competitive Programming | 6/
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Accepted

No more TLE!



