27th International Conference on
Principles of Distributed Systems

OPODIS 2023, December 6—8, 2023, Tokyo, Japan

Edited by
Alysson Bessani
Xavier Défago
Junya Nakamura

Koichi Wada
Yukiko Yamauchi

\\v LIPICS

LIPlcs — Vol. 286 - OPODIS 2023 www.dagstuhl.de/lipics



Editors

Alysson Bessani
University of Lisbon, Portugal
anbessani@fc.ul.pt

Xavier Défago
Tokyo Institute of Technology, Japan
defago@c.titech.ac.jp

Junya Nakamura
Toyohashi University of Technology, Japan
junya@imc.tut.ac.jp

Koichi Wada
Hosei University, Japan
wada@hosei.ac.jp

Yukiko Yamauchi
Kyushu University, Japan
yamauchi@inf.kyushu-u.ac.jp

ACM Classification 2012

Theory of computation — Distributed computing models; Theory of computation — Distributed al-
gorithms; Theory of computation — Concurrent algorithms; Theory of computation — Data structures
design and analysis; Networks — Mobile networks; Networks — Wireless access networks; Networks
— Ad hoc networks; Computing methodologies — Distributed algorithms; Security and privacy —
Distributed systems security; Information systems — Distributed storage; Computer systems organization
— Dependable and fault-tolerant systems and networks; Software and its engineering — Distributed
systems organizing principles

ISBN 978-3-95977-308-9

Published online and open access by
Schloss Dagstuhl — Leibniz-Zentrum fiir Informatik GmbH, Dagstuhl Publishing, Saarbriicken/Wadern,
Germany. Online available at https://www.dagstuhl.de/dagpub/978-3-95977-308-9.

Publication date
January, 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/LIPlcs.OPODIS.2023.0
ISBN 978-3-95977-308-9 ISSN 1868-8969 https://www.dagstuhl.de/lipics


https://orcid.org/0000-0002-8386-1628
mailto:anbessani@fc.ul.pt
https://orcid.org/0000-0002-2377-205X
mailto:defago@c.titech.ac.jp
https://orcid.org/0000-0002-1363-4358
mailto:junya@imc.tut.ac.jp
https://orcid.org/0000-0002-5351-1459
mailto:wada@hosei.ac.jp
https://orcid.org/0009-0009-8459-6676
mailto:yamauchi@inf.kyushu-u.ac.jp
https://www.dagstuhl.de/dagpub/978-3-95977-308-9
https://www.dagstuhl.de/dagpub/978-3-95977-308-9
https://portal.dnb.de
https://creativecommons.org/licenses/by/4.0/legalcode
https://doi.org/10.4230/LIPIcs.OPODIS.2023.0
https://www.dagstuhl.de/dagpub/978-3-95977-308-9
https://www.dagstuhl.de/dagpub/1868-8969
https://www.dagstuhl.de/lipics

O:iii

LIPlcs — Leibniz International Proceedings in Informatics

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

Editorial Board

Luca Aceto (Chair, Reykjavik University, IS and Gran Sasso Science Institute, 1T)
Christel Baier (TU Dresden, DE)

Roberto Di Cosmo (Inria and Université de Paris, FR)

Faith Ellen (University of Toronto, CA)

Javier Esparza (TU Miinchen, DE)

Daniel Kral' (Masaryk University, Brno, CZ)

Meena Mahajan (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 (Universitat des Saarlandes, Saarbriicken, DE and Schloss Dagstuhl — Leibniz-Zentrum
fiir Informatik, Wadern, DE)

Pierre Senellart (ENS, Université PSL, Paris, FR)

ISSN 1868-8969

https: //www.dagstuhl.de/lipics

OPODIS 2023


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




Contents

Preface
Alysson Bessani, Xavier Défago, Junya Nakamura, Koichi Wada, and
Yukiko Yamauchi ... ... 0:ix-0:x
Program Committee
................................................................................. 0:xi
Steering Committee
................................................................................. 0:xiii
External Reviewers
................................................................................. 0:xv
Invited Talks
From Consensus Research to Redbelly Network Pty Ltd
Vincent Gramoli . ... ... ... .o e 1:1-1:2
Quantum Distributed Computing: Potential and Limitations
Francois Le Gall ........ . e 2:1-2:1
Distributed Algorithms as a Gateway To Deductive Learning
Roger Wattenhofer ... ... ... oo e 3:1-3:1
Regular Papers
The Synchronization Power of Auditable Registers
Hagit Attiya, Antonella Del Pozzo, Alessia Milani, Ulysse Pavloff, and
Alexandre Rapetli .. .. ... 4:1-4:23
O(logn)-Time Uniform Circle Formation for Asynchronous Opaque Luminous
Robots
Caterina Feletti, Carlo Mereghetti, and Beatrice Palano .......................... 5:1-5:21
Multi-Valued Connected Consensus: A New Perspective on Crusader Agreement
and Adopt-Commit
Hagit Attiya and Jennifer L. Welch ... e 6:1-6:23
Energy-Constrained Programmable Matter Under Unfair Adversaries
Jamison W. Weber, Tishya Chhabra, Andréa W. Richa, and Joshua J. Daymude . 7:1-7:21
A Fair and Resilient Decentralized Clock Network for Transaction Ordering
Andrei Constantinescu, Diana Ghinea, Lioba Heimbach, Zilin Wang, and
Roger Wattenhofer ....... ..o 8:1-8:20
Byzantine Consensus in Abstract MAC Layer
Lewis Tseng and Callie Sarding ......... ... 9:1-9:16
Discrete Incremental Voting
Colin Cooper, Tomasz Radzik, and Takeharu Shiraga ............................. 10:1-10:22

27th International Conference on Principles of Distributed Systems (OPODIS 2023).
Editors: Alysson Bessani, Xavier Défago, Junya Nakamura, Koichi Wada, and Yukiko Yamauchi

\\v Leibniz International Proceedings in Informatics
LIPICS Schloss Dagstuhl — Leibniz-Zentrum fiir Informatik, Dagstuhl Publishing, Germany


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

0:vi

Contents

On the Convergence Time in Graphical Games: A Locality-Sensitive Approach
Juho Hirvonen, Laura Schmid, Krishnendu Chatterjee, and Stefan Schmid .......

Eating Sandwiches: Modular and Lightweight Elimination of Transaction
Reordering Attacks

Orestis Alpos, Ignacio Amores-Sesar, Christian Cachin, and Michelle Yeo ........

Improved Distributed Algorithms for Random Colorings
Charlie Carlson, Daniel Frishberg, and Eric Vigoda ..............................

Fever: Optimal Responsive View Synchronisation

Andrew Lewis-Pye and Ittai Abraham ...... ... ... .. i

Nova: Safe Off-Heap Memory Allocation and Reclamation
Ramy Fakhoury, Anastasia Braginsky, Idit Keidar, and Yoav Zuriel ..............

Improved Deterministic Distributed Maximum Weight Independent Set
Approximation in Sparse Graphs
Yuval Gil ...

A Wait-Free Deque With Polylogarithmic Step Complexity

Shalom M. Asbell and Eric Ruppert ..........oo.ou i

Reliable Broadcast Despite Mobile Byzantine Faults
Silvia Bonomi, Giovanni Farina, and Sébastien Tizeuil ..........................

Probable Approximate Coordination
Ariel Livshits and Yoram MosSes ........ ...

Flooding with Absorption: An Efficient Protocol for Heterogeneous Bandits over
Complex Networks
Junghyun Lee, Laura Schmid, and Se-Young Yun ........ ... ... ... ... ... ...

Fault-Tolerant Computing with Unreliable Channels
Alejandro Naser-Pastoriza, Gregory Chockler, and Alexey Gotsman ..............

Local Recurrent Problems in the SUPPORTED Model
Akanksha Agrawal, John Augustine, David Peleg, and Srikkanth Ramachandran ..

A Holistic Approach for Trustworthy Distributed Systems with WebAssembly
and TEEs
James Ménétrey, Aeneas Griiter, Peterson Yuhala, Julius Oeftiger, Pascal Felber,

Marcelo Pasin, and Valerio Schiavoni ........ ...,

Recoverable and Detectable Self-Implementations of Swap
Tomer Lev Lehman, Hagit Attiya, and Danny Hendler ...........................

Silent Programmable Matter: Coating

Alfredo Navarra and Francesco Piselli .......... ...,

Tight Bounds on the Message Complexity of Distributed Tree Verification

Shay Kutten, Peter Robinson, and Ming Ming Tan .......... ...,

On Polynomial Time Local Decision

Eden Aldema Tshuva and Rotem OShmamn ..............c.c.c.ceeeeiiiiiio. .

11:1-11:24

12:1-12:22

13:1-13:18

14:1-14:16

15:1-15:20

16:1-16:20

17:1-17:22

18:1-18:23

19:1-19:21

20:1-20:25

21:1-21:21

22:1-22:19

23:1-23:23

24:1-24:22

25:1-25:17

26:1-26:22

27:1-27:17



Contents

On Asynchrony, Memory, and Communication: Separations and Landscapes

Paola Flocchini, Nicola Santoro, Yuichi Sudo, and Koichi Wada ................

On the Round Complexity of Asynchronous Crusader Agreement

Ittai Abraham, Naama Ben-David, Gilad Stern, and Sravya Yandamuri .........

Distributed Partial Coloring via Gradual Rounding

Avinandan Das, Pierre Fraigniaud, and Adi Rosén .................ccccoiiiin..

A Tight Bound on Multiple Spending in Decentralized Cryptocurrencies

Jodo Paulo Bezerra and Petr Kuznetsov ................oiiiieeiiiaaneiin.

Bounds on Worst-Case Responsiveness for Agreement Algorithms

Hagit Attiya and Jennifer L. Welch ... ... e

Black Hole Search in Dynamic Rings: The Scattered Case

Giuseppe A. Di Luna, Paola Flocchini, Giuseppe Prencipe, and Nicola Santoro ...

Sketching the Path to Efficiency: Lightweight Learned Cache Replacement

Rana Shahout and Roy Friedmamn ........ ...

Atomic Register Abstractions for Byzantine-Prone Distributed Systems

Vincent Kowalski, Achour Mostéfaoui, and Matthieu Perrin .....................

0:vii

28:1-28:23

29:1-29:21

30:1-30:22

31:1-31:19

32:1-32:22

33:1-33:18

34:1-34:21

35:1-35:20

OPODIS 2023






Preface

The papers in this volume were presented at the 27th International Conference on Principles
of Distributed Systems (OPODIS 2023), held on December 6-8, 2023 in Tokyo, Japan.

OPODIS is an open forum for the exchange of state-of-the-art knowledge about dis-
tributed computing. With strong roots in the theory of distributed systems, OPODIS has
expanded its scope to cover the entire range between the theoretical aspects and practical
implementations of distributed systems, as well as experimental and quantitative assessments.
All aspects of distributed systems are within the scope of OPODIS: theory, specification,
design, performance, and system building. Specifically, this year, the topics of interest at
OPODIS included:

Big data analytics frameworks

Blockchain, theory and practice

Cloud, grid, edge computing

Communication and mobile networks

Data centers

Data-intensive computing

Dependable and secure systems

Distributed file systems and database systems

Distributed graph algorithms

Distributed recommender systems

Distributed storage

Distributed systems for machine learning

Fault tolerance and consistency

Game-theory in distributed computing

Impossibility results in distributed computing

IoT

Middleware and Operating systems

Mobile agents and robots

Parallelism, concurrency, and multicore systems

Self-stabilizing, self-organizing and autonomous systems

Shared and transactional memory, memory management

We received 96 submissions, each of which underwent a double-blind peer review process
except one submission retracted just after the deadline and two desk rejected due to anonymity
issues. The submissions were reviewed by at least three Program Committee (PC) members,
with the help of external reviewers, and were extensively discussed by the PC members. In
the end, 32 papers were selected to be included in these proceedings. Overall, the quality of
the submissions was very high, and many interesting contributions could not be accepted
due to the physical limitations of the conference.

The PC also voted for selecting the best paper and best student paper in the program.
The best paper award was given to “Fault-tolerant computing with unreliable channels” by A.
Pastoriza, G. Chockler, and A. Gotsman; and the best student paper award was given to
“Flooding with Absorption: An Efficient Protocol for Heterogeneous Bandits over Complex
Networks” by J. Lee, L. Schmid, and S. Yun.

The OPODIS proceedings appear in the Leibniz International Proceedings in Informatics
(LIPIcs) series. LIPIcs proceedings are available online and free of charge to readers. The
production costs are paid in part from the conference budget.
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Preface

This year OPODIS had three distinguished invited keynote speakers: Vincent Gramoli
(University of Sydney and Redbelly Network), Frangois Le Gall (Nagoya University), and
Roger Wattenhofer (ETH Zurich).

Thank you to all the authors that submitted their work to OPODIS. We are also grateful
to the Program Committee members for their hard work reviewing papers and their active
participation in the online discussions. We also thank the external reviewers for their help
with the reviewing process.

Organizing this event would not have been possible without the help of the organizing
committee: Frangois Bonnet (Tokyo Institute of Technology), Yuichi Sudo (Hosei University),
Mayuko Takano (Tokyo Institute of Technology), Yasumasa Tamura (Tokyo Institute of
Technology).

We are also grateful for the support we received from our students at Tokyo Institute of
Technology and at Hosei University: Yusuke Ichiki, Tinghong Jin, Yuuki Kin, Genta Konno,
Keita Nakajima, Gimpei Nakase, Bao-Ngoc Nguyen, Justin Shetty, Ryo Yui (Tokyo Institute
of Technology), and Naomasa Kohara, Kaito Takase (Hosei University).

Finally, we thank the Steering Committee members for their valuable advice and would
like to express our gratitude to our sponsors, National Institute of Information and Com-
munications Technology (NICT), Institute of Electronics, Information and Communication
Engineers (IEICE), and Information Processing Society of Japan (IPSJ) for their generous
support.
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