
12th International Conference on
Fun with Algorithms

FUN 2024, June 4–8, 2024, Island of La Maddalena, Sardinia, Italy

Edited by

Andrei Z. Broder
Tami Tamir

LIPIcs – Vo l . 291 – FUN 2024 www.dagstuh l .de/ l ip i c s



Editors

Andrei Z. Broder
Google
broder@acm.org

Tami Tamir
Reichman University, Herzliya, Israel
tami@runi.ac.il

ACM Classification 2012
Theory of computation → Design and analysis of algorithms

ISBN 978-3-95977-314-0

Published online and open access by
Schloss Dagstuhl – Leibniz-Zentrum für Informatik GmbH, Dagstuhl Publishing, Saarbrücken/Wadern,
Germany. Online available at https://www.dagstuhl.de/dagpub/978-3-95977-314-0.

Publication date
June, 2024

Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; detailed
bibliographic data are available in the Internet at https://portal.dnb.de.

License
This work is licensed under a Creative Commons Attribution 4.0 International license (CC-BY 4.0):
https://creativecommons.org/licenses/by/4.0/legalcode.
In brief, this license authorizes each and everybody to share (to copy, distribute and transmit) the work
under the following conditions, without impairing or restricting the authors’ moral rights:

Attribution: The work must be attributed to its authors.

The copyright is retained by the corresponding authors.

Digital Object Identifier: 10.4230/LIPIcs.FUN.2024.0

ISBN 978-3-95977-314-0 ISSN 1868-8969 https://www.dagstuhl.de/lipics

mailto:broder@acm.org
mailto:tami@runi.ac.il
https://www.dagstuhl.de/dagpub/978-3-95977-314-0
https://www.dagstuhl.de/dagpub/978-3-95977-314-0
https://portal.dnb.de
https://creativecommons.org/licenses/by/4.0/legalcode
https://doi.org/10.4230/LIPIcs.FUN.2024.0
https://www.dagstuhl.de/dagpub/978-3-95977-314-0
https://www.dagstuhl.de/dagpub/1868-8969
https://www.dagstuhl.de/lipics


0:iii

LIPIcs – Leibniz International Proceedings in Informatics

LIPIcs is a series of high-quality conference proceedings across all fields in informatics. LIPIcs volumes
are published according to the principle of Open Access, i.e., they are available online and free of charge.

Editorial Board

Luca Aceto (Reykjavik University, IS and Gran Sasso Science Institute, IT)
Christel Baier (TU Dresden, DE)
Roberto Di Cosmo (Inria and Université de Paris, FR)
Faith Ellen (University of Toronto, CA)
Javier Esparza (TU München, DE)
Daniel Král’ (Masaryk University, Brno, CZ)
Meena Mahajan (Chair, Institute of Mathematical Sciences, Chennai, IN)
Anca Muscholl (University of Bordeaux, FR)
Chih-Hao Luke Ong (University of Oxford, GB)
Phillip Rogaway (University of California, Davis, US)
Eva Rotenberg (Technical University of Denmark, Lyngby, DK)
Raimund Seidel (Universität des Saarlandes, Saarbrücken, DE and Schloss Dagstuhl – Leibniz-Zentrum
für Informatik, Wadern, DE)
Pierre Senellart (ENS, Université PSL, Paris, FR)

ISSN 1868-8969

https://www.dagstuhl.de/lipics

FUN 2024

https://www.dagstuhl.de/dagpub/1868-8969
https://www.dagstuhl.de/lipics




Contents

Preface
Andrei Z. Broder and Tami Tamir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0:ix

Conference Organization
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0:xi–0:xii

Authors
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0:xiii–0:xv

FUN with Algorithms

Baba Is Universal
Zachary Abel and Della Hendrickson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:1–1:15

Poset Positional Games
Guillaume Bagan, Eric Duchêne, Florian Galliot, Valentin Gledel,
Mirjana Mikalački, Nacim Oijid, Aline Parreau, and Miloš Stojaković . . . . . . . . . . . . 2:1–2:12

Snake in Optimal Space and Time
Philip Bille, Martín Farach-Colton, Inge Li Gørtz, and Ivor van der Hoog . . . . . . . . 3:1–3:15

Uniform-Budget Solo Chess with Only Rooks or Only Knights Is Hard
Davide Bilò, Luca Di Donato, Luciano Gualà, and Stefano Leucci . . . . . . . . . . . . . . . 4:1–4:19

Swapping Mixed-Up Beers to Keep Them Cool
Davide Bilò, Maurizio Fiusco, Luciano Gualà, and Stefano Leucci . . . . . . . . . . . . . . . 5:1–5:18

Bottom-Up Rebalancing Binary Search Trees by Flipping a Coin
Gerth Stølting Brodal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6:1–6:15

Physical Ring Signature
Xavier Bultel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7:1–7:18

A Tractability Gap Beyond Nim-Sums: It’s Hard to Tell Whether a Bunch of
Superstars Are Losers

Kyle Burke, Matthew Ferland, Svenja Huntemann, and Shanghua Teng . . . . . . . . . . 8:1–8:14

The Steady-States of Splitter Networks
Basile Couëtoux, Bastien Gastaldi, and Guyslain Naves . . . . . . . . . . . . . . . . . . . . . . . . . . 9:1–9:14

How Did They Design This Game? Swish: Complexity and Unplayable Positions
Antoine Dailly, Pascal Lafourcade, and Gaël Marcadet . . . . . . . . . . . . . . . . . . . . . . . . . . . 10:1–10:19

Hamiltonian Paths and Cycles in NP-Complete Puzzles
Marnix Deurloo, Mitchell Donkers, Mieke Maarse, Benjamin G. Rin, and
Karen Schutte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11:1–11:25

Card-Based Cryptography Meets Differential Privacy
Reo Eriguchi, Kazumasa Shinagawa, and Takao Murakami . . . . . . . . . . . . . . . . . . . . . . . 12:1–12:20

12th International Conference on Fun with Algorithms (FUN 2024).
Editors: Andrei Z. Broder and Tami Tamir

Leibniz International Proceedings in Informatics
Schloss Dagstuhl – Leibniz-Zentrum für Informatik, Dagstuhl Publishing, Germany

https://www.dagstuhl.de/lipics/
https://www.dagstuhl.de


0:vi Contents

The Great Textual Hoax: Boosting Sampled String Matching with Fake Samples
Simone Faro, Francesco Pio Marino, Andrea Moschetto, Arianna Pavone, and
Antonio Scardace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13:1–13:17

PackIt!: Gamified Rectangle Packing
Thomas Garrison, Marijn J. H. Heule, and Bernardo Subercaseaux . . . . . . . . . . . . . . 14:1–14:19

Polyamorous Scheduling
Leszek Gąsieniec, Benjamin Smith, and Sebastian Wild . . . . . . . . . . . . . . . . . . . . . . . . . . 15:1–15:18

Tetris Is Not Competitive
Matthias Gehnen and Luca Venier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16:1–16:16

Computational Complexity of Matching Match Puzzle
Yuki Iburi and Ryuhei Uehara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17:1–17:10

Advanced Spikes ‘n’ Stuff: An NP-Hard Puzzle Game in Which All Tutorials Are
Efficiently Solvable

Christian Ikenmeyer and Dylan Khangure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18:1–18:13

Anarchy in the APSP: Algorithm and Hardness for Incorrect Implementation of
Floyd-Warshall

Jaehyun Koo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19:1–19:11

Variations on the Tournament Problem
Fabrizio Luccio, Linda Pagli, and Nicola Santoro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20:1–20:11

PSPACE-Hard 2D Super Mario Games: Thirteen Doors
MIT Hardness Group, Hayashi Ani, Erik D. Demaine, Holden Hall, and
Matias Korman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21:1–21:19

You Can’t Solve These Super Mario Bros. Levels: Undecidable Mario Games
MIT Hardness Group, Hayashi Ani, Erik D. Demaine, Holden Hall,
Ricardo Ruiz, and Naveen Venkat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22:1–22:20

ASP-Completeness of Hamiltonicity in Grid Graphs, with Applications to Loop
Puzzles

MIT Hardness Group, Josh Brunner, Lily Chung, Erik D. Demaine,
Della Hendrickson, and Andy Tockman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23:1–23:20

Tetris with Few Piece Types
MIT Hardness Group, Erik D. Demaine, Holden Hall, and Jeffery Li . . . . . . . . . . . . 24:1–24:18

Complexity of Planar Graph Orientation Consistency, Promise-Inference, and
Uniqueness, with Applications to Minesweeper Variants

MIT Hardness Group, Della Hendrickson, and Andy Tockman . . . . . . . . . . . . . . . . . . . 25:1–25:20

Coordinating “7 Billion Humans” Is Hard
Alessandro Panconesi, Pietro Maria Posta, and Mirko Giacchini . . . . . . . . . . . . . . . . . 26:1–26:16

Arimaa Is PSPACE-Hard
Benjamin G. Rin and Atze Schipper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27:1–27:24

No Tiling of the 70 × 70 Square with Consecutive Squares
Jiří Sgall, János Balogh, József Békési, György Dósa, Lars Magnus Hvattum, and
Zsolt Tuza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28:1–28:16



Contents 0:vii

Achieving the Highest Possible Elo Rating
Rikhav Shah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29:1–29:21

How to Covertly and Uniformly Scramble the 15 Puzzle and Rubik’s Cube
Kazumasa Shinagawa, Kazuki Kanai, Kengo Miyamoto, and Koji Nuida . . . . . . . . . . 30:1–30:15

A Programming Language Embedded in Magic: The Gathering
Howe Choong Yin and Alex Churchill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31:1–31:19

Salon des Refusés

Eating Ice-Cream with a Colander
Kien Huynh and Valentin Polishchuk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32:1–32:4

Retrospective: Avoiding the Disk Bottleneck in the Data Domain Deduplication
File System

Kai Li . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33:1–33:4

Short Programs for Functions on Curves: A STOC Rejection
Victor S. Miller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34:1–34:4

FUN 2024





Preface

FUN with Algorithms is dedicated to the use, design, and analysis of algorithms and data
structures, focusing on results that provide amusing, witty, yet original and scientifically
profound contributions to the area. Donald Knuth’s famous quote captures this spirit
nicely:“.... pleasure has probably been the main goal all along. But I hesitate to admit it,
because computer scientists want to maintain their image as hard-working individuals who
deserve high salaries. Sooner or later, society will realize that certain kinds of hard work are
in fact admirable, even though they are more fun than just about anything else”.

The previous FUNs were held in Elba Island, Italy; in Castiglioncello, Tuscany, Italy; in
Ischia Island, Italy; in San Servolo Island, Venice, Italy; in Lipari Island, Sicily, Italy; in La
Maddalena Island, Sardinia, Italy; and in Island of Favignana, Sicily, Italy. Special issues of
Theoretical Computer Science, Discrete Applied Mathematics, and Theory of Computing
Systems were dedicated to them.

This volume contains the papers that will be presented at the 12th International Confer-
ence on Fun with Algorithms 2024, that will take place on June 4–8, 2024, on La Maddalena
Island, Italy. The call for papers attracted 69 submissions from all over the world, addressing
a wide variety of topics. These were reviewed by 18 Program Committee members. After
a careful reviewing process and a thorough discussion, the committee decided to accept 31
papers. Extended versions of selected papers will appear in a special issue. This year, FUN
will also host 4 talks in the Computer Science Salon des Refusés. This special track aims to
be a “salon” in two senses of the word: First, “salon” as an exhibition of ideas in Computer
Science that in their infancy were rejected from a major venue but later proven to be highly
influential, and second “salon” as a meeting of convivial people getting together to share
both amusement and learning. Finally, the program features invited talks by Paolo Ferragina
and John Iacono.

We thank our invited speakers, Paolo Ferragina and John Iacono, all authors who submit-
ted their work to FUN 2024, all Program Committee members for their expert assessments
and the ensuing discussions, and all external reviewers for their kind assistance. We used
EasyChair (http://www.easychair.org/), that greatly facilitated the entire preparation of the
conference, for handling submissions, reviews, the selection of papers, and the production
of this volume. Warm thanks also go to Michael Wagner and the LIPIcs team for carefully
overseeing the proceedings’ publication in the LIPIcs series. Finally, we appreciate the
financial support from Università di Pisa under the “PRA – Progetti di Ricerca di Ateneo”
(Institutional Research Grants) – Project no. PRA_2022_81.

April, 2024

Paolo Boldi
Andrei Z. Broder

Giuseppe Prencipe
Tami Tamir
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