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Preface

The 29th International Symposium on String Processing and Information Retrieval,
SPIRE 2022, was held during November 8—10, 2022, in Concepcién, Chile. SPIRE
started in 1993 as the South American Workshop on String Processing, and therefore it
was held in Latin America until 2000. Then, SPIRE moved to Europe, and from then
on it has been held in Australia, Japan, the UK, Spain, Italy, Finland, Portugal, Israel,
Brazil, Chile, Colombia, Mexico, Argentina, Bolivia, Peru, the USA, and France. In
this edition, SPIRE was back in Chile, continuing the long and well-established tra-
dition of encouraging high-quality research at the broad nexus of string processing,
information retrieval, and computational biology. After two years running online
(because of the COVID-19 pandemic), this year SPIRE returned to onsite mode (al-
lowing also online attendants).

This volume contains the accepted papers presented in SPIRE 2022. There was a
total of 43 submissions. We thank all authors who submitted their work for consid-
eration to SPIRE 2022. Each submission received at least three single blind reviews
and, after intensive discussion, the Program Committee decided to accept 23 papers.
These were classified into seven tracks: string algorithms, string data structures, string
compression, information retrieval, computational biology, space-efficient data struc-
tures, and pattern matching. Authors of accepted papers come from 14 countries across
four continents (Asia, Europe, North America, and South America). We thank the
authors for their valuable contributions and presentations at the conference. We also
want to especially thank the Program Committee members and the external reviewers
for their valuable work during the review and discussion phases. The SPIRE 2022
program also included two invited talks:

— “De Bruijn Graphs: Solving Biological Problems in Small Space”, by Leena Sal-
mela, and
— “LZ-End Parsing: Upper Bounds”, by Dominik Kempa,

and the tutorial “Graph Databases” by Aidan Hogan and Domagoj Vrgo¢. We thank
them for accepting our invitation and for their enlightening presentations.

We are also grateful to the organizing committee, chaired by José Fuentes and
Cecilia Hernandez (Universidad de Concepcion), whose excellent work allowed SPIRE
2022 to become a reality. Also, we want to thank the financial support of the Institute
for Foundational Research on Data (IMFD), the Centre for Biotechnology and Bio-
engineering (CeBiB), the Vicerrectoria and the Facultad de Ingenieria of Universidad
de Concepcion, and R9 Ingenieria, which was crucial to fund the invited speakers,
tutorial, streaming service, free student registration (to encourage onsite student par-
ticipation, after two years of online activities), and the auditorium for the conference.
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To complete the event, SPIRE 2022 had a Best Paper Award sponsored by Springer,
which was announced at the conference.

November 2022 Diego Arroyuelo
Barbara Poblete
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De Bruijn Graphs: Solving Biological Problems
in Small Space

Leena Salmela

Department of Computer Science, University of Helsinki, Helsinki, Finland
leena.salmela@helsinki.fi

Abstract. De Bruijn graphs have become a standard data structure in analysing
sequencing data due to its ability to represent the information in a sequencing
read set in small space. They represent the sequencing reads by the k-mers, i.e.,
substrings of length k occurring in the reads. Classically, the edges of a de
Bruijn graph are defined to be the k-mers and the nodes are the £ — 1-length
prefixes and suffixes of the k-mers. The construction of a de Bruijn graph starts
by counting the k-mers occurring in the reads. Many good methods exist for
extracting exact k-mers from read data and counting the number of their
occurrences. However, sequencing read sets can contain a significant number of
sequencing errors, which limits the usefulness of counting exact k-mers to short
k-mers. Recently, we have developed methods for extracting longer k-mers from
noisy data by using spaced seeds and strobemers.

De Bruijn graphs were originally introduced for solving the genome assembly
problem, where the goal is to reconstruct the genome based on sequencing
reads. In practice, genome assembly is solved with de Bruijn graphs by reporting
unitigs, which are non-branching paths in the de Bruijn graphs. The choice of &
is a crucial matter in de-Bruijn-graph-based genome assembly. A too small &
will make the graph tangled, resulting in short unitigs, while a too large k will
fragment the graph, again resulting in short unitigs. A variable-order de Bruijn
graph, which represents de Bruijn graphs of all orders k in a single data
structure, has been presented as a solution to the choice of k. However, it is not
clear how the definition of unitigs can be extended to variable-order de Bruijn
graphs.

In this talk, we present a robust definition of assembled sequences in
variable-order de Bruijn graphs and an algorithm for enumerating them. Apart
from genome assembly, de Bruijn graphs are used in many other problems such
as sequencing error correction, reference free variant calling, indexing read sets,
and so on. At the end of this talk, we will review some of these applications and
their de-Bruijn-graph-based solutions.

Keywords: de Bruijn graph - k-mer - Genome assembly

Supported by Academy of Finland (grant 323233).
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LZ-End Parsing: Upper Bounds
and Algorithmic Techniques

Dominik Kempa

Stony Brook University,
Stony Brook, New York, USA
kempa@cs.stonybrook.edu

Abstract. Lempel-Ziv (LZ77) compression is the most commonly used lossless
compression algorithm. The basic idea is to greedily break the input string into
blocks (called “phrases”), every time forming as a phrase the longest prefix
of the unprocessed part that has an earlier occurrence. In 2010, Kreft and
Navarro introduced a variant of LZ77 called LZ-End, that additionally requires
the previous occurrence of each phrase to end at the boundary of an already
existing phrase. Due to its excellent practical performance as a compression
algorithm and a compressed index, they conjectured that it achieves a com-
pression that can be provably upper-bounded in terms of the LZ77 size. Despite
the recent progress in understanding such relation for other compression algo-
rithms (e.g., the run-length encoded Burrows—Wheeler transform), no such
result is known for LZ-End. In this talk, we give an overview of the recent
progress on the above problem. More precisely, we prove that for any string of
length n, the number z, of phrases in the LZ-End parsing satisfies
Ze = (9(zlog2 n) where z is the number of phrases in the LZ77 parsing. This is
the first non-trivial upper bound on the size of LZ-End parsing in terms of LZ77,
and it puts LZ-End among the strongest dictionary compressors. Using our
techniques, we also derive bounds for other variants of LZ-End and with respect
to other compression measures. Our second contribution is a data structure that
implements random access queries to the text in O(z,) space and O(poly logn)
time. This is the first linear-size structure on LZ-End that efficiently implements
such queries. All previous data structures either incur a logarithmic penalty in
the space or have slow queries. We also show how to extend these techniques to
support longest-common-extension (LCE) queries. This work was carried out in
collaboration with Barna Saha and was presented at the 2022 ACM-SIAM
Symposium on Discrete Algorithms (SODA 2022).

Keywords: LZ-End - LZ77 - Dictionary compression

This work was supported by NIH HG011392, NSF DBI-2029552, Simons Foundation Junior Faculty
Fellows Grant, NSF CAREER Award 1652303, NSF 1909046, NSF HDR TRIPODS Grant 1934846,
and an Alfred P. Sloan Fellowship.
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