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Preface

There are many distinct pleasures associated with computer programming. Craftsman-
ship has its quiet rewards, the satisfaction that comes from building a useful object and
making it work. Excitement arrives with the flash of insight that cracks a previously
intractable problem. The spiritual quest for elegance can turn the hacker into an artist.
There are pleasures in parsimony, in squeezing the last drop of performance out of clever
algorithms and tight coding.

The games, puzzles, and challenges of problems from international programming com-
petitions are a great way to experience these pleasures while improving your algorithmic
and coding skills. This book contains over 100 problems that have appeared in previous
programming contests, along with discussions of the theory and ideas necessary to at-
tack them. Instant online grading for all of these problems is available from two WWW
robot judging sites. Combining this book with a judge gives an exciting new way to
challenge and improve your programming skills.

This book can be used for self-study, for teaching innovative courses in algorithms
and programming, and in training for international competition.

To the Reader
The problems in this book have been selected from over 1,000 programming problems at
the Universidad de Valladolid online judge, available at http://online-judge.uva.es. The
judge has ruled on well over one million submissions from 27,000 registered users around
the world to date. We have taken only the best of the best, the most fun, exciting, and
interesting problems available.

We have organized these problems by topic and provided enough tutorial material
(primarily in mathematics and algorithms) to give you a fair chance to solve them.
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Sample programs are provided to illustrate many important concepts. By reading this
book and trying the problems you will gain a concrete understanding of algorithmic
techniques such as backtracking and dynamic programming, and advanced topics such
as number theory and computational geometry. These subjects are well worth your
attention even if you never intend to compete in programming contests.

Many of the problems are flat-out fun. They address fascinating topics in computer
science and mathematics, sometimes disguised by an amusing story. These make inter-
esting subjects for additional study, so we provide notes with further readings where
appropriate.

We have found that people whose training is in the pragmatics of programming and
software engineering often fail to appreciate the power of algorithmics. Similarly, the
theoretically inclined typically underestimate what it takes to turn an algorithm into a
program, and how clever programming can make short work of a tough problem.

For this reason, the first portion of the book focuses primarily on programming
techniques, such as the proper use of data types and program libraries. This lays the
foundation for the more algorithmic sections in the second part of the book. Mastery
of both is required to be a complete problem solver.

To the Instructor
This book has been designed to serve as a textbook for three types of courses:

• Algorithm courses focusing on programming.

• Programming courses focusing on algorithms.

• Elective courses designed to train students to participate in competitions such
as the Association for Computing Machinery (ACM) International Collegiate
Programming Contest and the International Olympiad in Informatics.

Such courses can be a lot of fun for all involved. Students are easily motivated by
the thrill of competition, and get positive feedback each time the judge accepts their
solution. The most obvious algorithm may result in a “Time Limit Exceeded” message
from the judge, thus motivating a search for efficiency. The correct insight can make for
a dozen-line program instead of a huge mass of code. The best students will be inspired
to try extra problems just for kicks.

Such courses are fun to teach, too. Many problems are quite clever, putting a fresh
face on standard topics in programming and algorithms. Finding the best solution
requires insight and inspiration. It is exciting to figure out the right way to do each of
the problems, and even more exciting when the students figure it out for themselves.

Pedagogical features of this book include:

• Complements Standard Algorithm Texts — Although this book is self-contained,
it has been written with the understanding that most students will have some prior
exposure to algorithm design. This book has been designed (and priced) so it can
serve as a supplementary text for traditional algorithms courses, complementing
abstract descriptions with concrete implementations and theoretical analysis with
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hands-on experience. Further, it covers several interesting topics that are not
universally included in standard algorithm texts.

• Provides Complete Implementations of Classical Algorithms — Many students
have a difficult time going from abstract algorithm descriptions to working code.
To help them, we provide carefully written implementations of all important al-
gorithms we discuss using a subset of C designed to be easily readable by C++
and Java programmers. Several of our programming challenge problems can be
solved by appropriately modifying these routines, thus providing a concrete path
to get students started.

• Integrated Course Management Environment — We have created a special
course management environment that makes it shamefully easy to administer
such a course, as it will handle all testing and grading for you! Our website
http://www.programming-challenges.com lets you assign problems to students,
maintain rosters, view each student’s score and programs, and even detect
suspicious similarity among their solutions!

• Help for Students at All Levels — The challenges included in this book have
been selected to span a wide range of difficulty. Many are suitable for introduc-
tory students, while others will prove challenging to those ready for international
competition. Hints for most problems are provided.

To help identify the most appropriate problems for any given student, we have
annotated each problem with three distinct measures of difficulty. The popularity
of a problem (A, B, or C) refers to how many people try it, while the success rate
(low to high) measures how often they succeed. Finally, the level of a problem (1
to 4, corresponding roughly from freshman to senior) indicates how advanced a
student needs to be in order to have a fair chance of solving the problem.

To the Coach or Competitor
This book has been particularly designed to serve as a training manual for program-
ming competitions at the high school and collegiate levels. We provide a convenient
summary/reference of important topics in mathematics and algorithms, along with
appropriate challenges to help you master the material.

The robot judge checks the correctness of submitted programs just like the human
judges of the ACM International Collegiate Programming Contest. Once you set up a
personal account with the judge, you can submit solutions written in C, C++, Pascal, or
Java and wait for the verdict announcing success or failure. The judge keeps statistics on
how you are doing, so you can compare yourself to the thousands of other participants.

To help the competitor, we include an appendix with training secrets from finalists
for the three major programming contest venues: the ACM International Collegiate
Programming Contest (ICPC), the International Olympiad in Informatics (IOI), and
the TopCoder Programmer Challenge. We present the history of these competitions,
show how you can get involved, and help you make your best possible showing.
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Roughly 80% of all finalists in the most recent ACM contest trained on the Univer-
sidad de Valladolid online judge. That the finals are held in exotic locals like Hawaii
provides extra incentive to study. Good luck!

Associated Websites
This book has been designed to work hand-in-hand with two websites. Online grading
for all problems is available at http://www.programming-challenges.com, along with
lots of supporting material. In particular, we provide complete source code of all the
programs that appear in the text as well as lecture notes to help integrate this material
into courses.

All of the problems in this book (and many, many more) can also be graded by the
Universidad de Valladolid online judge, http://online-judge.uva.es. In particular each
programming challenge in this book has been given an ID number on both judging
websites, so you can take advantage of their special features.
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