
.s}uaua^oldun esaql ol pal sluauuoJ asolł$ sIapPaI InJaIP] ąuPtłl ol aĘil

plnoł.t sJołlpa alŁ 'Śa]PId ńueu ut suolslłar Ioullu pue suollJalJoJ apetu a^Pq

'lłs^ĄezsopPu qnł€r pue p1rt1qnąe1 'łazsazpl zseluol'sJoilpa aql 'uolllpa ]slg

arł} uIoIJ pa6uerł3 lou a^Pq {ooq aql Jo slua}uoJ puP aJn}Jnlrs arłl q6norł{v

'sJaaJPJ puo1ssa;ord puP ]gpualJs Eutpue}Ęno rprł}

paqJunel - dlluelrodur-I arour - puP 'suolllFduror Eulururer6ord snolErlsard

1sodr aq} uI sassaJJns Iałł}nJ ol rłłed P plEI slsałuo] ńĄnh{Ilil aq} 'słu€dl3lued

ńueur rog .a3ua-IJs ra}nduror Jo sluauala aIoJ lł}o{ł 'butururerEord pue 6upr1os

ura1qord rrurq}rro61e u! ąlp{s Jla[ł} euoq pue ulPal ol dlrunłroddo aql pIJo/ń atłł

punore pue puelod u! słuapnp pappord eAPq słsa}uoJ asaq1 '{rvrnnln} łĄPsJ€l\A

]o &lsIa^lun aql Jo s]tuPq]ahl puP s3IłPluIoJuI 'sJ!łEulaqlPh[ 1o ,{11nreg aqł

,r1 .'u"pn,, a1enper6:apun pue ałPnperb pue $pls 'ĄFreJ aq} /tq-}no pap'PJ

dpeln6ar srsaluor Bqururerbord snoraurnu pazluebro-or pue uI paledpqred {aql

.sraururerbord ałppaduor }uapnls qsllod Jaq}o q}pń lalł}a6oJ 'salĘunoJ s8 u!

sal$sla^lun 6rzz uorł EuIuIoJ .srueal ooo8 llloj} pel]alas slauru€J6ord łuapnls

1saq aq}Jo sluPał zlt 6uoue puoras palep 'PłuPl3lrus qratrfo7y1pue 'n]oped

qnąeg 'rąsg{aln1 zsPtuol Eutąrduor 'tuPa} IUlPsleM;o dltsraqu1 ata

'Jauullvr IIP]a^o aql sPł\ s]pdo puP sJpPqJan 'LI Jo d1tsraap6

a1e15 6rnqsra1ad 'łs ruoJł rueeł aql '(lart-nrv) łsa}uo3 6uprruer6or6 arelĘ

-loJ leuopPuJalul I^If,\I lPnuuE aq} ło sFuIJ pFo^^ lłl9€ 3qł pa}solł łrPsJP1\'\Jo

x1r.r"ruu1"qł 'rpadleqł Jo /r feyr1 ug 'zlo? ul parłs11qnd 5rg serr suo!ł!]eduoJ

bwwalnlbojd nosn17 Jo f1lsfi 
^!un 

aął wr.l} łas walqaJd ałDryłIn atŁ 2a6ua1ot17

o n} but4oo1}o uoĘtpa puof,as sn{l u| sura1qord Jlulłl1Io6IP Jo uolpallo3 aql

ffiffię&tpt



To reflect the progression and highlights in their professional careers since

zo1z, we have also updated biographical notes of the authors of the solutions

included in this book.

*:g*r*:'i Ał:*s*c1sŁi: academic teacher in utMUW; founder and cro of InviNets,

a software company developing applications for the Internet of Things; member

of the Main Committee of the Polish Olympiad in Informatics'

ł"{*i*ią ,Ą:idr5u*h*uvi,;z: received his Ph'D. degree {cryptography) in zo16 from

MIMUW; silver medalist of the ACM-ICPC World Finals in zor3; finalist of the

Google Code Jam 2016; currently working at OpenAI in California'

si*ir {fur:ęsi.*l*'*ki: academic teacher in MtMUw; member of the Main committee

of the Polish Olympiad in Informatics.

F{are*: Łggłt;r: acadenr-ic teacher in lqluuw; in zor8 received a post_doctoral

degree (habilitation) in computer science; recipient of a Starting Grant from

the European Research Council in zor5; co-founder of NoMagic'AI' a company

specializing in robotics software.

T*crase {eajba: developer at SpaceX since 2014, working on computer systems

for the Falcon and Dragon rocket and spacecraft; the second-place winner of

the zor4 Facebook Hacker CuP.

i"i::3=:t*i *iŁ:s: academic teacher in MIMUW; since zo16, Chair of the Polish

Accreditation Committee; zo-time participant in the ACM-IcPC World Finals as

a co-coach and academic advisor of the UniversĘ of Warsaw competitive pro-

gramming teams: between zorz and 2017, teams from the university of warsaw

ion r*o gota, ,nr.. silver and one bronze medal, including two overall runner-up

titles (zorz and zorT).

eenćax*; *ęsi*:ti**_san:*!ł: founder and president of the software company

Atinea; creator and developer of the Insta.Ling and instaKod educational portals

for teaching and learning foreign languages and programming'

"lłl::*:t !*tśasc*k: received his Ph.D' degree {theory of infinite tree languages)

in zor4 from tłtMuw; currently working at Codility on developing algorithmic

problems and testing programming skills; since zor3, Scientific Secretary in the

Main Committee of the Polish Olympiad in Informatics'
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Łiił*ał Filipcaa;Ł: academic teacher in MIMUw; received his Ph.D. degree in zor3

from the Bergen University, Norway; winner of the zo16 Cor Baayen ERCIM Award
for a promising young researcher in computer science and applied mathematics.

j i:aL;- Ę}flij-;v'.':',;Ł;: academic teacher in MIMUW; received his Ph.D. degree
(algorithms on texts} in zorz from t'łlt'łuw; since zo16, vice-chair of the Main
Committee of the Polish Olympiad in Informatics.

l**jeitł* iłytiel:: professor in uIuuw; member of the Main Committee of the

Polish Olympiad in Informatics; active creator of challenging and inspiring
problems for programming competitions.

!{':a3sat*i .$i*;:**!: professor in t"tllrłUw; member of the Main Committee of the

Polish Olympiad in Informatics.

!r9ąiłi*ril 5*:i*i**Ł*: graduated in aorz from tłltłuw; co-founder of Codilime;
after working as a software engineer at Google Zurich, now in London at Quad-
rature Capital, an investment management company.

T*tę**= Yrłęls;i: academic teacher in MIMUW; member of the Main Committee

of the Polish Olympiad in Informatics; co-founder and developer at Codility.

-?*i*uŁ i*Ęras=ea5Ł: works at Google Warsaw; creator and co-author of the

system supporting programming contests in distributed programming; a judge

in the AcM-IcPc World Finals.

Fi!;p tr't"r*iski: between zorz and zo16, employed byleading high-frequency trading

firms, including Teza Technologies; since August 2016, AI researcher at OpenAI.

Presenting this second, revised edition, we hope that its collection of problems

will continue stimulating readers to plumb the depths of algorithmics and pro-

gramming. Furthermore, we trust that studying the solutions designed by the

authors will yield valuable insights and allow readers to augment the skills neces-

sary for tackting science and engineering challenges in their professional careers.
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not volatile but constitute grounds for further field-related development. What

is of even greater importance is for the competition to help participants develop

skills that witl be useful in (heir future professional lives; diligence, constant

striving for success and self-development, self-discipline, hunger for knowledge,

self-improvement, teamwork, honesty, ambition, eagerness to compete, dedica-

tion. Taking part in a good competition should pose an intellectual challenge to

a young individual, whilst success should be a reason for pride and recognition.

Contest tasks say a lot about the quality of a competition itself. They should

be original, engaging and of different levels of difficulty. Finding a solution

should cause the contestant to feel great satisfaction, whereas being unable to

solve a given task should encourage an individual to broaden their knowledge

and develop new skills. Jhis book contains the best tasks from algorithmic

and programming competitions organized or co-organized by the University of

Warsaw, together with their exemplary solutions. The selection of the tasks was

undertaken by people who have played significant roles in the history of Polish

algorithmic and programming competitions as their participants or organizers.

All of the authors of the texts presented in this book are closely affiliated with

the Faculty of Mathematics, Informatics and Mechanics at the University of

Warsaw whether as former or current students or as academic staff,

Each of the tasks presented and discussed in this book was used during one

of the following events: Polish Olympiad in Informatics, Junior Polish Olympiad

in Informatics, Potish Olympiad in Informatics Training Camp, Central European

Olympiad in Informatics, Polish Collegiate Programming Contest and Algorith-

mic Engagements.

lhe Polish Otympiad in Informatics was established in 1993 by the lnstitute

of Computer Science at the University of Wroclaw, then chaired by Professor

Maciej Sysło. 'Ihe main founders of the event included four staff members from

the UniversiĘ of Warsaw: Piotr Chrząstowski-Wachtel, Jan Madey (director

of the Institute of informatics at that time}, Wojciech Rytter and Stanisław

Waligórski {who became the first chairman of the Main Committee of the Polish

Olympiad in Informatics). Since the very beginning it was the University of

Warsaw that facilitated the event, in terms of both scientific background and

technical solutions. All authors of texts presented in this book were, or still are,

affiliated with the Olympiad.
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Each year, finalists in the Polish Olympiad in Informatics have the opportu-

niĘ to participate in the Polish olympiad in lnformatics Training Camp, where

they get to solve and thoroughly discuss algorithmic and programming tasks
prepared mostly by older students from the UniversĘ of Warsaw.

For the past six years, yet another event has been organized regularly,

namelythe Junior Polish Olympiad inlnformatics-a competition for junior high

school students. lhe idea for the Junior Olympiad came from the great teacher

Ryszard Szubartowski, and the Institute of Informatics at the University of

\Marsaw was actively involved in launching and developing the contest.

Many finalists of the Olympiad in Informatics choose the University of Warsaw
as the place to further their education in informatics. lhe University allows its

students to develop their competitive drive by trying out for a spot in the team

representing the University of Warsaw in team programming competitions,
including the AcM International Collegiate Programming Contest. The AcM-IcPc

is the oldest and most prestigious computer science competition in the world, and

it is considered to be a world championship in team programming. Each team

consists of three students representing a single university- Regionals are the

first stage of the competition; a few dozen regional eliminations are organized on

all inhabited continents. 'lhe best teams selected during the regionals {including
winners and a few runner-up teams, depending on the strength of the region

and the number of competing teams| advance to the finals.

Both regionals and finals have the same format: each team, composed of

three members, is presented with one computer and given five hours in which

to solve between eight and twelve tasks. the solutions proposed by the contest-

ants are evaluated in real time, after which the tearns receive post-evaluation

feedback in the form of a short but clear communication: occepfed; run-ttme errari

time limit exceeded; wrong answeri presentation error. All tasks are evaluated

individuatly and marked as accepted or rejected. the team that completes the

most tasks successfully wins the competition. In the event that several teams

complete the same number of tasks, they are ranked based on the total time

spent solving the tasks, shorter times being better. However, each rejected

submission of a completed task results in a zo-minute time penalty.
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As one may imagine, over the course of many competitions we have organized

in the past, hundreds of original programming tasks have been invented and

properly described. In order to "keep them alive", we do our best to upload as

many of them as possible to an educational portal called ułlN (to be found at

ht-tp.//meincdr!.pl* ), which was created at the initiative of organizers of the Pol-

ish Olympiad in Informatics and is administered by academic staff and students

of the UniversĘ of Warsaw..MAIN's archive is integrated with the computer

system of the Polish Olympiad in Informatics, called slo, which enables solutions

to tasks uploaded on the portal to be evaluated in real time, zą/z. Readers of

this book can prepare their own solutions to tasks presented herein and then

have them checked on the MAIN portal. Good luckl

About the euthors
'lhe authors of the texts presented in this book are closely affiliated with the

University of Warsaw and have had a significant impact on the course of the

history of algorithmic and programming competitions organized or co-organized

by the University. Due to the nature of this book, we have limited ourselves

solely to people who have experience in writing and solving competition tasks'

The authors include lecturers and students, former contestants with interna-

tional successes in programming competitions, educators and popularizers of

informatics.
Each author was asked to choose the two tasks that they found the most

interesting from competitions co-organized by the University of Warsaw and

to discuss their solutions. the choice was based on the level of difficulty of the

tasks, the methods and techniques of.solving them, their educational value orthe

particular author's personal memories of a specific task' Each task and descrip-

tion of its solution is preceded by a short biography of the author, illustrating

the links between their careers and programming competitions as well as their

scientific and private interests.

*Currently portal tłłIrv is not supported. 'Ihe problem archive has been moved to portal

http :,/szkopul.edu.pl.
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