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Preface

SPIRE 2019, held October 7–9, 2019, in Segovia, Spain, was the 26th International
Symposium on String Processing and Information Retrieval. SPIRE started in 1993 as
the South American Workshop on String Processing, therefore it was held in Latin
America until 2000, when SPIRE traveled to Europe. From then on, SPIRE meetings
have been held in Australia, Japan, UK, Spain, Italy, Finland, Portugal, Israel, Brazil,
Chile, Colombia, Mexico, Argentina, Bolivia, and Peru.

In this edition, again in Spain, we continued the long and well-established tradition
of encouraging high-quality research at the broad nexus of algorithms and data
structures for sequences and graphs, data compression, databases, data mining,
information retrieval, and computational biology. As usual, SPIRE 2019 continues to
provide an opportunity to bring together specialists and young researchers working in
these areas.

This volume contains the 36 papers, out of a total of 59 submissions accepted to be
presented in SPIRE 2019. Each submission received at least three reviews. Authors of
accepted papers come from 17 countries, across five continents (Africa, Asia, Europe,
North America, South America). We thank all authors who submitted their work for
consideration to SPIRE 2019 and we especially thank the Program Committee and the
external reviewers, whose many thorough reviews helped us select the papers
presented. The success of the scientific program is due to their hard work.

Besides the 36 accepted papers, the scientific program included three invited
lectures, given by:

– Veli Mäkinen on “When Stringology Meets Graphs”
– Alistair Moffat on “User-Based Evaluation in Information Retrieval”
– Gonzalo Navarro on “Repetitiveness and Indexability”

We thank the invited speakers for accepting our invitation and for their excellent
presentations at the conference.

To complete the event, this year for the fourth year running, SPIRE 2019 had a Best
Paper Award, sponsored by Springer that was announced during the conference.
Besides Springer, we thank the EU project BIRDS (H2020-MSCA-RISE-2015 GA No
690941) for its financial support and the ICT Research Center CITIC at the University
of A Coruña and the Segovia Campus of the University of Valladolid whose
administrative and financial support we gratefully acknowledge.

October 2019 Nieves R. Brisaboa
Simon J. Puglisi
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Repetitiveness and Indexability

Gonzalo Navarro

CeBiB—Center for Biotechnology and Bioengineering,
IMFD—Millennium Institute for Foundational Research on Data,
Department of Computer Science, University of Chile, Chile

gnavarro@dcc.uchile.cl

Abstract. Compressed indexes for highly repetitive text collections can reduce
the data size by orders of magnitude while still supporting efficient searches.
Compression of this kind of data requires dictionary-based methods, because
statistical compression fails to capture repetitiveness. Unlike statistical com-
pression, where the state of the art is mature and indexes reaching entropy size
are already several years old, there is not even a clear concept of entropy for
highly repetitive collections. There is a wealth of measures, some more ad-hoc
and some more principled. Some relations are known between them, other
relations are unknown. It is known that no compressor can reach some measures,
it is known how to reach others, and for some it is unknown whether this is
possible. From the reachable ones, some allow random access to the compressed
text, for others it is unknown how to do it. Finally, some admit indexed searches,
for others we do not know if this is possible. In this talk I will survey this zoo of
measures, show their properties and known relations, show what is known and
unknown about them, and point out several open questions that relate repeti-
tiveness with indexability.

Keywords: Repetitive text collections � Compressed text indexing � Entropy

Partially supported by Basal Funds B0001, Conicyt, Chile and by the Millennium Institute
for Foundational Research on Data, Mideplan, Chile.



C/W/L Spells “Cool”: User-Based Evaluation
in Information Retrieval

Alistair Moffat

The University of Melbourne, Australia

Abstract. The Information Retrieval community pride themselves on the
strength of their evaluation protocols: working with large test collections; exe-
cuting dozens or hundreds of queries taken to be representative of typical
information requirements; and, in many cases, employing expert assessors to
form relevance judgments. System scores using these resources are then com-
puted using an effectiveness metric such as precision at depth k, expected
reciprocal rank, or average precision; and champion-versus-challenger evalua-
tions are carried out by considering the two system means through the lens of a
statistical significance test.
This presentation focuses on the effectiveness metrics that are at the heart of

this batch evaluation pipeline. After describing a range of traditional approaches
to measuring effectiveness, the “C/W/L” framework [2, 3] is motivated and
defined, and a range of implications of this approach to IR evaluation then
explored. Notable in the C/W/L structure is the explicit correspondence between
metrics and user models. This relationship makes it possible for metrics to be
evaluated and compared in terms of their suitability for different types of search
task, based on the extent to which the user model associated with each candidate
metric correlates with observed user behavior when performing that task [1, 4,
5]. Measurement accuracy is also considered for C/W/L metrics, together with
the implications that certain types of user behavior then have on experimental
design.

Keywords: Information retrieval evaluation � Web search � User model �
Effectiveness metric

Acknowledgment. The work presented in this talk was carried out in collaboration with Peter
Bailey, Falk Scholer, Paul Thomas, Alfan Wicaksono, and Justin Zobel. Their various contri-
butions are gratefully acknowledged.
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When Stringology Meets Graphs

Veli Mäkinen

Department of Computer Science, University of Helsinki, Finland
veli.makinen@helsinki.fi

Abstract. Consider a directed acyclic graph (DAG) G with nodes labelled with
characters. We say that a string pattern P occurs in G if there is a path spelling
P. When G is deterministic, that is, no node has two edges leading to nodes with
the same character label, there is a trivial algorithm to locate P in G: Start at all
places and check if path spelling P exists. This trivial algorithm turns out to be
optimal under the Strong Exponential Time Hypothesis (SETH). The talk starts
by explaining this result by Equi, Grossi, Mäkinen, and Tomescu (ICALP 2019).
Quadratic running time for matching pattern P against graph G can slightly be

improved without violating SETH, by using bit-parallelism. The talk discusses
extensions of Shift-And and Myers’ algorithms for exact and approximate
pattern matching on graphs as studied by Rautiainen, Mäkinen, and Marschall
(Bioinformatics, to appear).
Sparse dynamic programming is another technique that can evade the quad-

ratic bound, assuming a sub-quadratic size set of anchors is given as input to
limit the alignment options. An anchor defines a plausible alignment of a sub-
string against a subpath. An ordered subset of anchors forms a co-linear chain if
the corresponding substrings are in linear order in P and the corresponding
subpaths are in linear order in some path of G. Consider the problem of finding a
co-linear chain that maximally covers P. This problem is studied by Mäkinen,
Tomescu, Kuosmanen, Paavilainen, Gagie, and Chikhi (ACM Transactions on
Algorithms, 2019), who give an algorithm whose running time depends on the
number of paths needed to cover G; the algorithm is optimal once G is just a
string. The talk covers the main insights of this algorithm.
The talk concludes with another alignment problem related to path covers.

Consider two DAGs G1 and G2 each of which is coverable by at most two paths.
Such DAGs can be seen as simplest extension of strings into graphs and are also
representing diploid genomes. A covering alignment asks for path covers (A, B)
and (C, D) of G1 and G2, respectively, that minimize the sum of edit distance
between A and C and between B and D. Covering alignment turns out to be
NP-hard as shown by Rizzi, Cairo, Mäkinen, Tomescu, and Valenzuela
(IEEE/ACM Transactions on Computational Biology and Bioinformatics).
The talk gives an overview of the reduction.

Keywords: String matching � Graphs � SETH � Bit-parallelism �
Sparse dynamic programming � Covering alignment

Partially supported by the Academy of Finland (grant 309048).
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