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Preface

This volume contains the papers presented at the 25th Annual Symposium on
Combinatorial Pattern Matching held during June 15-17, 2014 in Moscow, Rus-
sla. The hosting university was National Research University Higher School of
FEconomics.

There were 54 submissions from 25 countries. Each submission was reviewed
by at least three Program Committee members. The committee decided .o accept
28 papers, corresponding to an acceptance rate of 54%. We thank the members
of the Program Committee and all additional external reviewers for their hard
work that resulted in this excellent program. Their names are listed on the
following pages. The whole submission and review process was carried out with
the invaluable help of the EasyChair conference system.

The year 2014 marks the quarter-of-a-century milestone for the CPM sympo-
sium series. CPM 2014 celebrated this event with invited talks by the co-founders
of the conference series: Alberto Apostolico {(Georgia Institute of Technology,
USA, and TASI-CNR, Ttaly), Maxime Crochemore (King’s College London, UK,
and Université Paris-Est, France), Zvi Galil (Georgia Institute of Technology,
USA), and Udi Manber (Google, USA}. In addition, CPM 2014 featured a spe-
cial keynote lecture by Gene Myers (Max Planck Institute, Germany) that high-
lighted the contribution of the CPM community to bioinformatics.

The objective of the annual CPM meetings is to provide an international
forum for research in combinatorial pattern matching and related applications.
It addresses issues of searching and matching strings and more complicated pat-
terns such as trees, regular expressions, graphs, point setg, and arrays. The goal
1s to derive combinatorial properties of such structures and to exploit these
properties in order to achieve superior performance for the corresponding com-
putational problems. The meeting also deals with problems in computational
biology, data compression and data mining, coding, information retrieval, natu-
ral language processing, and pattern recognition.

The Annual Symposium on Combinatorial Pattern Matching started in 1990,
and has since taken place every year. Previous CPM meetings were held in Paris,
London {(UK), Tucson, Padova, Asilomar, Helsinki, Laguna Beach, Aarhus, Pis-
cataway, Warwick, Montreal, Jerusalem, Fukuoka, Morelia, Istanbul, Jeju Island,
Barcelona, London (Ontario, Canada), Pisa, Lille, New York, Palermo, Helsinki,
Bad Herrenalb. This years’ meeting was the first in Russia. Starting from the
third meeting, proceedings of all meetings have been published in the LNCS
series, as volumes 644, 684, 807, 937, 1075, 1264, 1448, 1645, 1848, 2089, 2373,
2676, 3109, 3537, 4009, 4580, 5029, 5577, 6129, 6661, 7354, and 7922.
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VI Preface

We thank Russian Foundation for Basgic Research, National Research
University Higher School of Economics, and Yandex for their financial support.

March 2014 Alexander S. Kulikov
Sergei Kuznetsov
Pavel Pevzner
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Sequence Comparison in the Time of the Deluge

Alberto Apostolico

Georgia Institute of Technology, USA and TASI-CNR, Ttaly

It Is almost fifty years since the appearance of the famous paper entitled
“Binary codes capable of correcting deletions, insertions, and reversals” (1966
English translation, Soviet Physics Doklady) by which Vladimir Levenshtein in-
troduced his eponymous measure of string distance. The notion was since to be
re-discovered, variously dithered and more or less efficiently computed in distant
domains of application. In particular, it provided the platform for half a century
of analysis, alignment, search, taxonomy and phylogeny of molecular sequences.
As the size and multiplicity of the sequences produced expand to an unprece-
dented scale, many elegant techniques of the past no longer work. In molecular
taxonomy and phylogeny, for instance, the alignment of whole genomes proves
both computationally unbearable and hardly significant. In metagenomics, the
elucidation of microbiome compositions under conditions of noisy and largely
unidentified reference sequences faces steep barriers during assembly and assign-
ment. In recent studies, classical notions are increasingly being complemented
or even supplanted by global similarity measures that refer, implicitly or ex-
plicitly, to the composition of sequences in terms of their constituent patterns.
Such measures hinge more or less uniformly on an underlying notion of relative
compressibility, whereby two sequences are similar if either one can be described
using mostly pleces from the other. They can free from chores of alignment and
assembly. Their computation poses interesting and variously affordable algorith-
mic problems. This talk will review some such measures, their computation, and
their applications.
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Repeats in Strings

Maxime Crochemore

King's College London, UK, and Université Paris-Est, France

Large amounts of text are generated every day in the cyberspace via Web sites,
emails, social networks, and other communication networks. These text streams
need to be analysed to detect critical events or the monitor business for example.
An important characteristics to take into account in this setting is the existence
of repetitions in texts. Their study constitutes a fundamental area of combina-
torics on words due to major applications to string algorithms, data compression,
music analysiz, and biological sequences analysis, etc. The talk surveys algorith-
mic methods used to locate repetitive segments in strings. It discusses the notion
of runs that encompasses various types of periodicities considered by different
authors, as well az the notion of maximal-exponent factors that captures the
most significant. repeats occurring in a string. The design and analysis of re-
peat finders rely on combinatorial properties of words and raise a series of open
problems in combinatorics on words.
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“Stringology” is 30 Years Old

Zvi Galil

Georgia Institute of Technology, USA

This vear we have two anniversaries: This is the 25th CPM. CPM1, the first one,
was held in Paris in 1990. But in June 1984 there was a. sort of a predecessor of
CPM1 which can be considered as CPMO. It was a Nato Workshop on combi-
natorial algorithms on words in Maratea, Ttaly. The first paper was my paper:
“Open Problems in Stringology”. Thus, the term Stringology is exactly 30 years
old. The field of stringology is much clder. Even though the word stringology
cannot be found in any respectable dictionary, Google search yields 23,800 hits;
in addition 1640 articles use it, 123 in their title.

In celebration of this 30th anniversary, we will review the status of the 13
open problems of the paper and will introduce some new ones.
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How to Think Big

Udi Manber

Google Inc.

“If you have to ask, you'll never know”
Louis Armstrong (answering a question
about the meaning of “swing”)

In business, making more impact used to mean making more money. But that
changed. In 2010 Twitter's revenues were 40x less than cat litter, but its impact
wag enormous. Same with Amazon, Google, and Facebook at their beginnings.
The key to all of them was that they were doing completely new things. No
one thought there was a need to share 140 characters before Twitter, but it
turned out to be extremely useful. Very few people thought at the time that
shopping on the web, highly relevant search, or communication between friends
were important business needs.

When the telephone was introduced to telegraph companies they discounted
it. They had a good reason. More than a century later AT&T discounted voice
over IP for similar reasons. Yel the 100+ vears old ATE&T was sold for less than
the 5 years old WhatsApp. Things change rather quickly nowadays.

There are some commeoen insights from these stories that can be applied to
academic research and I will try to highlight them in this talk.
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What’s Behind Blast

Gene Myers

Max Planck Institute for Molecular Cell Biology and Genetics

While Blast is one of the most widely used search engines for molecular biol-
ogy, and while there is a general understanding of how it works, few know the
story of how it came about and the theoretical algorithmic result from which
it was derived. I will tell the story and explain the thecretical algorithm —
an O(DNPOW(D/P) log N) expected-time algorithm for finding all matches to a
query of length P with not more than I differences in a database of length
N = P. Surprisingly, this result, published in early 1994, has to my knowledge
not been improved upon to this day.
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