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Preface

This volume contains the extended abstracts selected for presentation at ESA
2015, the 23rd European Symposium on Algorithms, held in Patras, Greece,
September 14–16, 2015, as part of ALGO 2015. The ESA symposia are devoted to
fostering and disseminating the results of high-quality research on algorithms and
data structures. ESA seeks original algorithmic contributions for problems with
relevant theoretical and/or practical applications and aims at bringing together
researchers in the computer science and operations research communities. Ever
since 2002, it has had two tracks, the Design and Analysis Track (Track A),
intended for papers on the design and mathematical analysis of algorithms, and
the Engineering and Applications Track (Track B), for submissions dealing with
real-world applications, engineering, and experimental analysis of algorithms.
Information on past symposia, including locations and LNCS volume numbers,
is maintained at{http://esa-symposium.org}.

In response to the call for papers, ESA 2015 attracted a record number of
320 submissions, 261 for Track A and 59 for Track B. Paper selection was based
on originality, technical quality, and relevance. Considerable effort was devoted
to the evaluation of the submissions, with at least three reviews per paper. With
the help of more than 980 expert reviews and more than 514 external reviewers,
the two committees selected 86 papers for inclusion in the scientific program
of ESA 2015, 71 in Track A and 15 in Track B, yielding an acceptance rate of
about 26%. In addition to the accepted contributions, the symposium featured
two invited lectures by Rasmus Pagh (IT University of Copenhagen, Denmark)
and Paul Spirakis (University of Liverpool, UK and CTI & University of Patras,
Greece). Abstracts of the invited lectures are also included in this volume.

The European Association for Theoretical Computer Science (EATCS) spon-
sored a best paper award and a best student paper award. A submission was
eligible for the best student paper award if all authors were doctoral, master,
or bachelor students at the time of submission. This award was shared by two
papers: one by Sascha Witt for his contribution on “Trip-Based Public Transit
Routing” and the other by Meirav Zehavi for her contribution entitled “Mixing
Color Coding-Related Techniques.” The best paper award went to Christina
Boucher, Christine Lo, and Daniel Lokshtanov for their paper entitled “Consen-
sus Patterns (Probably) Has No EPTAS.”Our warmest congratulations to all of
them for these achievements!

We wish to thank all the authors who submitted papers for consideration,
the invited speakers, the members of the Program Committees for their hard
work, and all the external reviewers who assisted the Program Committees in
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the evaluation process. Special thanks go to Giuseppe Italiano for answering our
many questions along the way, and to Christos Zaroliagis, who helped with the
local organization of the conference.

July 2015 Nikhil Bansal
Irene Finocchi
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Invited Lectures



Correlated Locality-Sensitive Hashing�

Rasmus Pagh

IT University of Copenhagen, Denmark

After an introduction to the area, we consider a new construction of locality-
sensitive hash functions for Hamming space that is covering in the sense that is
it guaranteed to produce a collision for every pair of vectors within a given radius
r. The construction is efficient in the sense that the expected number of hash
collisions between vectors at distance cr, for a given c > 1, comes close to that of
the best possible data independent LSH without the covering guarantee, namely,
the seminal LSH construction of Indyk and Motwani (FOCS ’98). The efficiency
of the new construction essentially matches their bound if log(n)/(cr) is integer,
where n is the number of points in the data set, and differs from it by at most
a factor ln(4) < 1.4 in the exponent for larger values of cr. As a consequence,
LSH-based similarity search in Hamming space can avoid the problem of false
negatives at little or no cost in efficiency.

* The research leading to these results has received funding from the European
Research Council under the European Union’s Seventh Framework Programme
(FP7/2007-2013) / ERC grant agreement no. 614331.



On the Discrete Dynamics of Probabilistic
(Finite) Population Protocols

Paul Spirakis1,2,3

1Department of Computer Science, University of Liverpool, UK
P.Spirakis@liverpool.ac.uk

2Department of Computer Engineering and Informatics, University of Patras,
26504 Patras, Greece

3Computer Technology Institute and Press “Diophantus”,

N. Kazantzaki Str., Patras University Campus, 26504 Patras, Greece

Population Protocols are a recent model of computation that captures the way
in which complex behavior of systems can emerge from the underlying local
interactions of agents. Agents are usually anonymous and the local interaction
rules are scalable (independent of the size, n, of the population). Such protocols
can model the antagonism between members of several “species” and relate to
evolutionary games.

In the recent past the speaker was involved in joint research studying the
discrete dynamics of cases of such protocols for finite populations. Such dynam-
ics are, usually, probabilistic in nature , either due to the protocol itself or due
to the stochastic nature of scheduling local interactions. Examples are (a) the
generalized Moran process (where the protocol is evolutionary because a fitness
parameter is crucially involved) (b) the Discrete Lotka-Volterra Population Pro-
tocols (and associated Cyclic Games) and (c) the Majority protocols for random
interactions.

Such protocols are usually discrete time transient Markov Chains. However
the detailed states description of such chains is exponential in size and the state
equations do not facilitate a rigorous approach. Instead, ideas related to fil-
tering, stochastic domination and Potentials (leading to Martingales) help in
understanding the dynamics of the protocols.

In the talk we discuss such rigorous approaches and their techniques. We
examine the question of fast (in time polynomial in the population size) con-
vergence (to an absorbing state). We also discuss the question of most probable
eventual state of the protocols (and the computation of the probability of such
states). Several aspects of such discrete dynamics are wide open and it seems that
the algorithmic thought can contribute to the understanding of this emerging
subfield of science.
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Maximizing Symmetric Submodular Functions . . . . . . . . . . . . . . . . . . . . . . . 521
Moran Feldman

Approximating LZ77 via Small-Space Multiple-Pattern Matching . . . . . . 533
Johannes Fischer, Travis Gagie, Pawe�l Gawrychowski,
and Tomasz Kociumaka

Fast Algorithms for Parameterized Problems with Relaxed Disjointness
Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545

Ariel Gabizon, Daniel Lokshtanov, and Micha�l Pilipczuk

Medial Axis Based Routing Has Constant Load Balancing Factor . . . . . . 557
Jie Gao and Mayank Goswami

An Experimental Evaluation of the Best-of-Many Christofides’
Algorithm for the Traveling Salesman Problem . . . . . . . . . . . . . . . . . . . . . . 570

Kyle Genova and David P. Williamson

Approximating the Smallest Spanning Subgraph for 2-Edge-
Connectivity in Directed Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 582

Loukas Georgiadis, Giuseppe F. Italiano, Charis Papadopoulos,
and Nikos Parotsidis

A Probabilistic Approach to Reducing Algebraic Complexity of
Delaunay Triangulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 595

Jean-Daniel Boissonnat, Ramsay Dyer, and Arijit Ghosh

A Characterization of Visibility Graphs for Pseudo-polygons . . . . . . . . . . . 607
Matt Gibson, Erik Krohn, and Qing Wang

Faster and More Dynamic Maximum Flow by Incremental Breadth-First
Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 619

Andrew V. Goldberg, Sagi Hed, Haim Kaplan, Pushmeet Kohli,
Robert E. Tarjan, and Renato F. Werneck



Contents XXI

The Temp Secretary Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 631
Amos Fiat, Ilia Gorelik, Haim Kaplan, and Slava Novgorodov

How to Sort by Walking on a Tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 643
Daniel Graf

Improved Analysis of Complete-Linkage Clustering . . . . . . . . . . . . . . . . . . . 656
Anna Großwendt and Heiko Röglin
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Maximum Matching in Turnstile Streams . . . . . . . . . . . . . . . . . . . . . . . . . . . 840
Christian Konrad

A Lasserre Lower Bound for the Min-Sum Single Machine Scheduling
Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 853

Adam Kurpisz, Samuli Leppänen, and Monaldo Mastrolilli

Optimal Parameterized Algorithms for Planar Facility Location
Problems Using Voronoi Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 865

Dániel Marx and Micha�l Pilipczuk

Randomization Helps Computing a Minimum Spanning Tree under
Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 878

Nicole Megow, Julie Meißner, and Martin Skutella

Compressed Data Structures for Dynamic Sequences . . . . . . . . . . . . . . . . . 891
J. Ian Munro and Yakov Nekrich

Geometric Hitting Sets for Disks: Theory and Practice . . . . . . . . . . . . . . . . 903
Norbert Bus, Nabil H. Mustafa, and Saurabh Ray

Efficient Computation of Middle Levels Gray Codes . . . . . . . . . . . . . . . . . . 915
Torsten Mütze and Jerri Nummenpalo

Computing the Similarity Between Moving Curves . . . . . . . . . . . . . . . . . . . 928
Kevin Buchin, Tim Ophelders, and Bettina Speckmann

I/O-Efficient Similarity Join . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 941
Rasmus Pagh, Ninh Pham, Francesco Silvestri, and Morten Stöckel
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