
Lecture Notes in Computer Science 5721
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

Alfred Kobsa
University of California, Irvine, CA, 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 Steffen
University of Dortmund, Germany

Madhu Sudan
Microsoft Research, Cambridge, MA, USA

Demetri Terzopoulos
University of California, Los Angeles, CA, USA

Doug Tygar
University of California, Berkeley, CA, USA

Gerhard Weikum
Max-Planck Institute of Computer Science, Saarbruecken, Germany



Jussi Karlgren Jorma Tarhio
Heikki Hyyrö (Eds.)

String Processing and
Information Retrieval

16th International Symposium, SPIRE 2009
Saariselkä, Finland, August 25-27, 2009
Proceedings

13



Volume Editors

Jussi Karlgren
Swedish Institute of Computer Science
Kista, Sweden
E-mail: jussi@sics.se

Jorma Tarhio
Helsinki University of Technology
Espoo, Finland
E-mail: tarhio@cs.hut.fi

Heikki Hyyrö
University of Tampere
Tampere, Finland
E-mail: heikki.hyyro@cs.uta.fi

Library of Congress Control Number: 2009932181

CR Subject Classification (1998): E.5, F.2.2, H.3.3, E.1, E.2, H.2.8, I.5

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

ISSN 0302-9743
ISBN-10 3-642-03783-6 Springer Berlin Heidelberg New York
ISBN-13 978-3-642-03783-2 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.com

© Springer-Verlag Berlin Heidelberg 2009
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12738502 06/3180 5 4 3 2 1 0



Preface

This volume contains the papers presented at the 16th International Sympo-
sium on String Processing and Information Retrieval (SPIRE 2009), held during
August 25–27, 2009 in Saariselkä, Finland.

The annual SPIRE conference provides researchers within fields related to
string processing and/or information retrieval a possibility to present their orig-
inal contributions and to meet and discuss with other researchers with similar
interests. The Call for Papers invited submissions related to string processing
(dictionary algorithms; text searching; pattern matching; text and sequence com-
pression; automata-based string processing), information retrieval (information
retrieval models; indexing; ranking and filtering; interface design; visualization;
benchmarking), natural language processing (text analysis; text mining; ma-
chine learning; information extraction; language models; knowledge representa-
tion), search applications and usage (cross-lingual information access systems;
multimedia information access; digital libraries; collaborative retrieval and Web-
related applications; semi-structured data retrieval; evaluation), and interaction
of biology and computation (DNA sequencing and applications in molecular bi-
ology; evolution and phylogenetics; recognition of genes and regulatory elements;
sequence driven protein structure prediction).

The papers presented at the symposium were selected from 84 submissions
written by authors from 28 different countries. Each submission was reviewed by
at least two and on average 2.9 reviewers. The Committee accepted 34 papers
(≈ 40%): 22 papers for 25-minute and 12 papers for 15-minute presentations. In
addition to these, SPIRE 2009 also featured invited talks by Mehryar Mohri (New
York University, USA) and Kalervo Järvelin (University of Tampere, Finland).

The Program Committee voted to give the Best Paper Award to Amihood
Amir and Haim Parienty for their paper “Towards a Theory of Patches.”

We are especially thankful to the members of the Program Committee, who
provided us with thorough and timely reviews despite the fact that the reviewing
schedule was unusually tight due to the early date of the 2009 symposium.

Additional thanks go to the following people for their generous helpfulness
and support throughout the process of planning and organizing SPIRE 2009:
SPIRE Steering Committee coordinator Ricardo Baeza-Yates, the editorial office
staff at Springer, the office personnel at the University of Tampere, and the staff
at the conference hotel Riekonlinna in Saariselkä.

We are grateful for the financial support provided by the Department of
Computer Sciences of University of Tampere, the Federation of Finnish Learned
Societies, Yahoo! Research, the Department of Computer Science of University
of Helsinki, and the Swedish Institute of Computer Science.

June 2009 Jussi Karlgren
Jorma Tarhio
Heikki Hyyrö
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SPIRE Venues

SPIRE 2009 was the 16th edition of the Symposium on String Processing and In-
formation Retrieval. The four first events concentrated mainly on string process-
ing and were held in South America under the title South American Workshop
on String Processing (WSP) in 1993, 1995, 1996 and 1997. WSP was transformed
into SPIRE in 1998, when the scope of the conference was broadened to include
also the area of information retrieval.

1993 Belo Horizonte, Brazil 2002 Lisbon, Portugal
1995 Valparáıso, Chile 2003 Manaus, Brazil
1996 Recife, Brazil 2004 Padova, Italy
1997 Valparáıso, Chile 2005 Buenos Aires, Argentina
1998 Santa Cruz de la Sierra, Bolivia 2006 Glasgow, UK
1999 Cancún, Mexico 2007 Santiago, Chile
2000 A Coruña, Spain 2008 Melbourne, Australia
2001 Laguna de San Rafael, Chile 2009 Saariselkä, Finland



Table of Contents

Algorithms on Trees

Range Quantile Queries: Another Virtue of Wavelet Trees . . . . . . . . . . . 1
Travis Gagie, Simon J. Puglisi, and Andrew Turpin

Constant Factor Approximation of Edit Distance of Bounded Height
Unordered Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Daiji Fukagawa, Tatsuya Akutsu, and Atsuhiro Takasu

k2-Trees for Compact Web Graph Representation . . . . . . . . . . . . . . . . . . . . . 18
Nieves R. Brisaboa, Susana Ladra, and Gonzalo Navarro

On-Line Construction of Parameterized Suffix Trees . . . . . . . . . . . . . . . . . 31
Taehyung Lee, Joong Chae Na, and Kunsoo Park

Compressed Indexes

Succinct Text Indexing with Wildcards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Alan Tam, Edward Wu, Tak-Wah Lam, and Siu-Ming Yiu

A Compressed Enhanced Suffix Array Supporting Fast String
Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Enno Ohlebusch and Simon Gog

Compressed Suffix Arrays for Massive Data . . . . . . . . . . . . . . . . . . . . . . . . . 63
Jouni Sirén

On Entropy-Compressed Text Indexing in External Memory . . . . . . . . . . . 75
Wing-Kai Hon, Rahul Shah, Sharma V. Thankachan, and
Jeffrey Scott Vitter

Compression

A Linear-Time Burrows-Wheeler Transform Using Induced Sorting . . . . . 90
Daisuke Okanohara and Kunihiko Sadakane

Novel and Generalized Sort-Based Transform for Lossless Data
Compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

Kazumasa Inagaki, Yoshihiro Tomizawa, and Hidetoshi Yokoo

A Two-Level Structure for Compressing Aligned Bitexts . . . . . . . . . . . . . . 114
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