Bin Ma
Kaizhong Zhang (Eds.)

Combinatorial
Pattern Matching

18th Annual Symposium, CPM 2007
London, Canada, July 2007
Proceedings

LNCS 4580

@ Springer



-——

o { <
;2
(.w {

4 Z
7 45") ; & i O S P
{ L

‘Bin Ma Kaizhong Zhang (Eds.)

y 00;7

Combinatorial
Pattern Matching

18th Annual Symposium, CPM 2007
London, Canada, July 9-11, 2007
Proceedings

)&j& L
~ W
EREE S

2 springer ) NI

E2007003296



Volume Editors

Bin Ma

Kaizhong Zhang

University of Western Ontario
Department of Computer Science
London, Ontario, N6A 5B7, Canada
E-mail: {bma; kzhang} @csd.uwo.ca

Library of Congress Control Number: 2007929746

CR Subject Classification (1998):
F22,1.54,15.0,H3.3,]J.3,E4,G.2.1,E.1

LNCS Sublibrary: SL 1 — Theoretical Computer Science and General Issues

ISSN 0302-9743
ISBN-10 3-540-73436-8 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-73436-9 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law..

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12086467 06/3180 543210



Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steften

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

4580



Preface

The papers contained in this volume were presented at the 18th Annual Sym-
posium on Combinatorial Pattern Matching (CPM 2007) held at the University
of Western Ontario, in London, Ontario, Canada from July 9 to 11, 2007.

All the papers presented at the conference are original research contribu-
tions on computational pattern matching and analysis, data compression and
compressed text processing, suffix arrays and trees, and computational biology.
They were selected from 64 submissions. Each submission was reviewed by at
least three reviewers. The committee decided to accept 32 papers. The pro-
gramme also included three invited talks by Tao Jiang from the University of
California, Riverside, USA, S. Muthukrishnan from Rutgers University, USA,
and Frances Yao from City University of Hong Kong, Hong Kong.

Combinatorial Pattern Matching addresses issues of searching and matching
strings and more complicated patterns such as trees, regular expressions, graphs,
point sets, and arrays. The goal is to derive non-trivial combinatorial properties
of such structures and to exploit these properties in order to either achieve
superior performance for the corresponding computational problems or pinpoint
conditions under which searches cannot be performed efficiently.

The Annual Symposium on Combinatorial Pattern Matching started in 1990,
and has since taken place every year. The objective of the annual CPM meet-
ings is to provide an international forum for research in combinatorial pattern
matching and related applications. Previous CPM meetings were held in Paris,
London, Tucson, Padova, Asilomar, Helsinki, Laguna Beach, Aarhus, Piscat-
away, Warwick, Montreal, Jerusalem, Fukuoka, Morelia, Istanbul, Jeju Island,
and Barcelona. Selected papers from the first meeting appeared in volume 92 of
Theoretical Computer Science, from the 11th meeting in volume 2 of the Journal
of Discrete Algorithms, from the 12th meeting in volume 146 of Discrete Applied
Mathematics, and from the 14th meeting in volume 3 of the Journal of Discrete
Algorithms. Starting from the 3rd meeting, the proceedings of all meetings have
been published in the LNCS series, volumes 644, 684, 807, 937, 1075, 1264, 1448,
1645, 1848, 2089, 2373, 2676, 3109, 3537, 4009, and 4580.

The whole submission and review process, as well as the production of this
volume, was carried out with the help of the EasyChiar system. The conference
was sponsored by the University of Western Ontario and by the Fields Institute.

April 2007 Bin Ma
Kaizhong Zhang
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A Combinatorial Approach to
Genome-Wide Ortholog Assignment:
Beyond Sequence Similarity Search

Tao Jiang

Computer Science Department, University of California - Riverside
jiang@cs.ucr.edu

Abstract. The assignment of orthologous genes between a pair of
genomes is a fundamental and challenging problem in comparative ge-
nomics. Existing methods that assign orthologs based on the similarity
between DNA or protein sequences may make erroneous assignments
when sequence similarity does not clearly delineate the evolutionary re-
lationship among genes of the same families. In this paper, we present
a new approach to ortholog assignment that takes into account both
sequence similarity and evolutionary events at genome level, where or-
thologous genes are assumed to correspond to each other in the most
parsimonious evolving scenario under genome rearrangement and gene
duplication. It is then formulated as a problem of computing the signed
reversal distance with duplicates between two genomes of interest, for
which an efficient heuristic algorithm was constructed based on solu-
tions to two new optimization problems, minimum common partition and
maximum cycle decomposition. Following this approach, we have imple-
mented a high-throughput system for assigning orthologs on a genome
scale, called MSOAR, and tested it on both simulated data and real
genome sequence data. Our predicted orthologs between the human and
mouse genomes are strongly supported by ortholog and protein func-
tion information in authoritative databases, and predictions made by
other key ortholog assignment methods such as Ensembl, Homologene,
INPARANOID, and HGNC. The simulation results demonstrate that
MSOAR in general performs better than the iterated exemplar algorithm
of D. Sankoff’s in terms of identifying true exemplar genes.

This is joint work with X. Chen (Nanyang Tech. Univ., Singapore),
Z. Fu (UCR), J. Zheng (NCBI), V. Vacic (UCR), P. Nan (SCBIT),
Y. Zhong (SCBIT), and S. Lonardi (UCR).

B. Ma and K. Zhang (Eds.): CPM 2007, LNCS 4580, p. 1, 2007.
© Springer-Verlag Berlin Heidelberg 2007



Stringology: Some Classic and Some Modern
Problems

S. Muthukrishnan

Department of Computer Science, Rutgers University
and
Google Inc.
muthu@cs.rutgers.edu

Abstract. We examine some of the classic problems related to suffix
trees from 70’s and show some recent results on sorting suffixes with
small space and suffix selection. Further, we introduce modern versions
of suffix sorting and their application to XML processing. The study of
combinatorial aspects of strings continues to flourish, and we present
several open problems with modern applications.

B. Ma and K. Zhang (Eds.): CPM 2007, LNCS 4580, p. 2, 2007.
© Springer-Verlag Berlin Heidelberg 2007



Algorithmic Problems in Scheduling Jobs on
Variable-Speed Processors

Frances F. Yao

Department of Computer Science,
City University of Hong Kong
Hong Kong SAR, China
csfyao@cityu.edu.hk

Abstract. Power and heat have become two of the major concerns for
the computer industry, which struggles to cope with the energy and
cooling costs for servers, as well as the short battery life of portable
devices. Dynamic Voltage Scaling (DVS) has emerged as a useful tech-
nique: e.g. Intel’s newest Foxton technology enables a chip to run at
64 different speed levels. Equipped with DVS technology, the operating
system can then save CPU’s energy consumption by scheduling tasks
wisely. A schedule that finishes the given tasks within their timing con-
straints while using minimum total energy (among all feasible schedules)
is called an optimal DVS schedule. A theoretical model for DVS schedul-
ing was proposed in a paper by Yao, Demers and Shenker in 1995, along
with a well-formed characterization of the optimum and an algorithm for
computing it. This algorithm has remained as the most efficient known
despite many investigations of this model. In this talk, we will first give
an overview of the DVS scheduling problem, and then present the latest
improved results for computing the optimal schedule in both the finite
and the continuous (infinite speed levels) models. Related results on ef-
ficient on-line scheduling heuristics will also be discussed.
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Abstract. We present a method to speed up the dynamic program al-
gorithms used for solving the HMM decoding and training problems
for discrete time-independent HMMs. We discuss the application of our
method to Viterbi’s decoding and training algorithms [21], as well as to
the forward-backward and Baum-Welch [4] algorithms. Our approach is
based on identifying repeated substrings in the observed input sequence.
We describe three algorithms based alternatively on byte pair encoding
(BPE) [19], run length encoding (RLE) and Lempel-Ziv (LZ78) pars-
ing [22]. Compared to Viterbi’s algorithm, we achieve a speedup of 0(r)
using BPE, a speedup of Q(@) using RLE, and a speedup of (Z(’-"—%—”)
using LZ78, where k is the number of hidden states, n is the length of
the observed sequence and r is its compression ratio (under each com-
pression scheme). Our experimental results demonstrate that our new
algorithms are indeed faster in practice. Furthermore, unlike Viterbi’s
algorithm, our algorithms are highly parallelizable.

Keywords: HMM, Viterbi, dynamic programming, compression.

1 Introduction

Over the last few decades, Hidden Markov Models (HMMs) proved to be an
extremely useful framework for modeling processes in diverse areas such as error-
correction in communication links [21], speech recognition [6], optical character
recognition [2], computational linguistics [17], and bioinformatics [12].

The core HMM-based applications fall in the domain of classification methods
and are technically divided into two stages: a training stage and a decoding stage.
During the training stage, the emission and transition probabilities of an HMM
are estimated, based on an input set of observed sequences. This stage is usually
executed once as a preprocessing stage and the generated ("trained”) models are
stored in a database. Then, a decoding stage is run, again and again, in order to

* Work conducted while visiting MIT.
** Work supported by an Eshkol grant of the Isracli Ministry of Science and Tech-
nology.
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