34th International Symposium
on Distributed Computing

DISC 2020, October 12-16, 2020, Virtual Conference

Edited by

Hagit Attiya

\\v LIPICS

LIPlcs — Vol. 179 — DISC 2020 www.dagstuhl.de/lipics



Editors

Hagit Attiya
Technion, Haifa, Israel
hagit@cs.technion.ac.il

ACM Classification 2012

Software and its engineering — Distributed systems organizing principles; Computing methodologies —
Distributed computing methodologies; Computing methodologies — Concurrent computing methodologies;
Hardware — Fault tolerance; Networks; Information systems — Data structures; Theory of computation;
Theory of computation — Models of computation; Theory of computation — Design and analysis of
algorithms

ISBN 978-3-95977-168-9

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/978-3-95977-168-9.

Publication date
October, 2020

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 3.0 Unported license (CC-BY 3.0):
https://creativecommons.org/licenses/by/3.0/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.DISC.2020.0

ISBN 978-3-95977-168-9 ISSN 1868-8969 https://www.dagstuhl.de/lipics


https://orcid.org/0000-0002-8017-6457
mailto:hagit@cs.technion.ac.il
https://www.dagstuhl.de/dagpub/978-3-95977-168-9
https://www.dagstuhl.de/dagpub/978-3-95977-168-9
https://portal.dnb.de
https://creativecommons.org/licenses/by/3.0/legalcode
https://doi.org/10.4230/LIPIcs.DISC.2020.0
https://www.dagstuhl.de/dagpub/978-3-95977-168-9
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, Gran Sasso Science Institute and Reykjavik University)
Christel Baier (TU Dresden)
Mikolaj Bojanczyk (University of Warsaw)
Roberto Di Cosmo (INRIA and University Paris Diderot)
Javier Esparza (TU Miinchen)
Meena Mahajan (Institute of Mathematical Sciences)
Dieter van Melkebeek (University of Wisconsin-Madison)
Anca Muscholl (University Bordeaux)
Luke Ong (University of Oxford)
Catuscia Palamidessi (INRIA)
Thomas Schwentick (TU Dortmund)
Raimund Seidel (Saarland University and Schloss Dagstuhl — Leibniz-Zentrum fiir Informatik)

ISSN 1868-8969

https://www.dagstuhl.de/lipics

DISC 2020


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




Contents

Preface
Hagit ALLya ..o 0:ix-0:x
Symposium Organization
................................................................................. 0:xi—0:xiv
2020 Edsger W. Dijkstra Prize in Distributed Computing
................................................................................. 0:xv
2020 Principles of Distributed Computing Doctoral Dissertation Award
................................................................................. 0:xvii
Regular Papers
Improved Bounds for Distributed Load Balancing
Sepehr Assadi, Aaron Bernstein, and Zachary Langley .............. ... ... ....... 1:1-1:15
Intermediate Value Linearizability: A Quantitative Correctness Criterion
Arik Rinberg and Idit Keidar ....... ... .o o 2:1-2:17
The Splay-List: A Distribution-Adaptive Concurrent Skip-List
Vitaly Aksenov, Dan Alistarh, Alexandra Drozdova, and Amirkeivan Mohtashami . 3:1-3:18
Efficient Multi-Word Compare and Swap
Rachid Guerraoui, Alex Kogan, Virendra J. Marathe, and Igor Zablotchi ......... 4:1-4:19
LL/SC and Atomic Copy: Constant Time, Space Efficient Implementations
Using Only Pointer-Width CAS
Guy E. Blelloch and Yuanhao Wei ....... ... e 5:1-5:17
Message Complexity of Population Protocols
Talley Amir, James Aspnes, David Doty, Mahsa Eftekhari, and Eric Severson .... 6:1-6:18
Distributed Computation with Continual Population Growth
Da-Jung Cho, Matthias Fiigger, Corbin Hopper, Manish Kushwaha,
Thomas Nowak, and Quentin Soubeyran .............c.c.oouiiiiiiiiiiiiininen.. 7:1-7:17
Who Started This Rumor? Quantifying the Natural Differential Privacy of
Gossip Protocols
Aurélien Bellet, Rachid Guerraoui, and Hadrien Hendrikz ....................... 8:1-8:18
Spread of Information and Diseases via Random Walks in Sparse Graphs
George Giakkoupis, Hayk Saribekyan, and Thomas Sauerwald .................... 9:1-9:17
Spiking Neural Networks Through the Lens of Streaming Algorithms
Yael Hitron, Cameron Musco, and Merav Parter ..............cccciiiiiiiiina .. 10:1-10:18
Communication Efficient Self-Stabilizing Leader Election
Xavier Défago, Yuval Emek, Shay Kutten, Toshimitsu Masuzawa, and
Yasumasa Tamura . ... ... 11:1-11:19

34th International Symposium on Distributed Computing (DISC 2020).
Editor: Hagit Attiya

\\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

Gathering on a Circle with Limited Visibility by Anonymous Oblivious Robots

Giuseppe A. Di Luna, Ryuhei Uehara, Giovanni Viglietta, and Yukiko Yamauchi .

Tight Bounds for Deterministic High-Dimensional Grid Exploration

Sebastian Brandt, Julian Portmann, and Jara Uitto ............ ... ...ccoiiiiian.

Distributed Dispatching in the Parallel Server Model

Guy Goren, Shay Vargaftik, and Yoram Moses ..............c.cciiiiiiiiiiiii ...

Distributed Dense Subgraph Detection and Low Outdegree Orientation

Hsin-Hao Su and Hoa T. Vi ... e

Local Conflict Coloring Revisited: Linial for Lists

Yannic Maus and Tigran Tonoyan .............oooueeeeeiieenniiie i

Classification of Distributed Binary Labeling Problems
Alkida Balliu, Sebastian Brandt, Yuval Efron, Juho Hirvonen, Yannic Maus,
Dennis Olivetti, and Jukka Suwomela ......... ... ..

The Complexity Landscape of Distributed Locally Checkable Problems on Trees

Yi-dun Chang .. ... e e

Improved Hardness of Approximation of Diameter in the CONGEST Model

Ofer Grossman, Seri Khoury, and Ami Paz .......... .. i,

Twenty-Two New Approximate Proof Labeling Schemes

Yuval Emek and Yuval Gil ... ... o

Distributed Constructions of Dual-Failure Fault-Tolerant Distance Preservers

Merav Parter .. ... ... ..o

Singularly Optimal Randomized Leader Election

Shay Kutten, William K. Moses Jr., Gopal Pandurangan, and David Peleg .......

Making Byzantine Consensus Live

Manuel Bravo, Gregory Chockler, and Alexey Gotsman .................c..c......

Leaderless State-Machine Replication: Specification, Properties, Limits

Tuanir Franca Rezende and Pierre SUlTa ...........c.oiieeieiiiiiieieannns

Not a COINcidence: Sub-Quadratic Asynchronous Byzantine Agreement WHP

Shir Cohen, Idit Keidar, and Alexander Spiegelman ............ ... ... ... ... ...

Expected Linear Round Synchronization: The Missing Link for
Linear Byzantine SMR
Oded Naor and Idit Keidar .......... ..o i e

Asynchronous Reconfiguration with Byzantine Failures

Petr Kuznetsov and Andrei Tonkikh ... ...

Improved Extension Protocols for Byzantine Broadcast and Agreement
Kartik Nayak, Ling Ren, Elaine Shi, Nitin H. Vaidya, and Zhuolun Xiang .......

From Partial to Global Asynchronous Reliable Broadcast
Diana Ghinea, Martin Hirt, and Chen-Da Liu-Zhang ....................ccoo...

Fast Agreement in Networks with Byzantine Nodes

Bogdan S. Chlebus, Dariusz R. Kowalski, and Jan Olkowski ......................

12:1-12:17

13:1-13:16

14:1-14:18

15:1-15:18

16:1-16:18

17:1-17:17

18:1-18:17

19:1-19:16

20:1-20:14

21:1-21:17

22:1-22:18

23:1-23:17

24:1-24:17

25:1-25:17

26:1-26:17

27:1-27:17

28:1-28:17

29:1-29:16

30:1-30:18



Contents

Scalable and Secure Computation Among Strangers: Message-Competitive
Byzantine Protocols
John Augustine, Valerie King, Anisur Rahaman Molla,

Gopal Pandurangan, and Jared Saiq ......... ..o

Byzantine Lattice Agreement in Synchronous Message Passing Systems

Xiong Zheng and Vijay Garg ...........oo i

Fast Distributed Algorithms for Girth, Cycles and Small Subgraphs
Keren Censor-Hillel, Orr Fischer, Tzlil Gonen, Francois Le Gall,

Dean Leitersdorf, and Rotem Oshmam ............. .o,

Improved MPC Algorithms for MIS, Matching, and Coloring on Trees and Beyond

Mohsen Ghaffari, Christoph Grunau, and Ce Jin ........ ... ...,

Improved Distributed Approximations for Maximum Independent Set

Ken-ichi Kawarabayashi, Seri Khoury, Aaron Schild, and Gregory Schwartzman ..

Models of Smoothing in Dynamic Networks

Uri Meir, Ami Paz, and Gregory Schwartzman ............ ... .. oo,

Distributed Maximum Matching Verification in CONGEST

Mohamad Ahmadi and Fabian Kuhn . ....... ...

Distributed Planar Reachability in Nearly Optimal Time

Merav Parter . ... ... ..o

Coloring Fast Without Learning Your Neighbors’ Colors

Magnis M. Halldérsson, Fabian Kuhn, Yannic Maus, and Alexandre Nolin ......

Brief Announcements

Brief Announcement: Efficient Load-Balancing Through Distributed Token
Dropping

Sebastian Brandt, Barbara Keller, Joel Rybicki, Jukka Suomela, and Jara Uitto ..

Brief Announcement: Distributed Graph Problems Through an
Automata-Theoretic Lens

Yi-Jun Chang, Jan Studeny, and Jukka Suomela .......... ... ... ... . ...

Brief Announcement: Phase Transitions of the k-Majority Dynamics in a Biased
Communication Model

Emilio Cruciani, Hlafo Alfie Mimun, Matteo Quattropani, and Sara Rizzo ........

Brief Announcement: Distributed Quantum Proofs for Replicated Data

Pierre Fraigniaud, Francois Le Gall, Harumichi Nishimura, and Ami Paz ........

Brief Announcement: Optimally-Resilient Unconditionally-Secure Asynchronous
Multi-Party Computation Revisited

AShish CROUARUTY ..o e e e e

Brief Announcement: Polygraph: Accountable Byzantine Agreement

Pierre Civit, Seth Gilbert, and Vincent Gramoli ............. .. ..cccciiiiiieainn.

0:vii

31:1-31:19

32:1-32:16

33:1-33:17

34:1-34:18

35:1-35:16

36:1-36:16

37:1-37:18

38:1-38:17

39:1-39:17

40:1-40:3

41:1-41:3

42:1-42:3

43:1-43:3

44:1-44:3

45:1-45:3

DISC 2020



0:viii Contents

Brief Announcement: What Can(Not) Be Perfectly Rerouted Locally
Klaus-Tycho Foerster, Juho Hirvonen, Yvonne-Anne Pignolet,
Stefan Schmid, and Gilles Tredan ........... ..o i 46:1-46:3

Brief Announcement: Byzantine Agreement, Broadcast and State Machine
Replication with Optimal Good-Case Latency
Ittai Abraham, Kartik Nayak, Ling Ren, and Zhuolun Xiang ..................... 47:1-47:3

Brief Announcement: Multi-Threshold Asynchronous Reliable Broadcast and
Consensus
Martin Hirt, Ard Kastrati, and Chen-Da Liu-Zhang ...............ccccoioiiiiiii.. 48:1-48:3

Brief Announcement: Game Theoretical Framework for Analyzing Blockchains
Robustness
Paolo Zappala, Marianna Belotti, Maria Potop-Butucaru, and Stefano Secci . .... 49:1-49:3

Brief Announcement: Jiffy: A Fast, Memory Efficient, Wait-Free Multi-Producers
Single-Consumer Queue
Dolev Adas and Roy Friedmamn ........ ... i 50:1-50:3

Brief Announcement: Concurrent Fixed-Size Allocation and Free in Constant Time
Guy E. Blelloch and Yuanhao Wei ...... ... e, 51:1-51:3

Brief Announcement: Building Fast Recoverable Persistent Data Structures with
Montage
Haosen Wen, Wentao Cai, Mingzhe Du, Benjamin Valpey, and Michael L. Scott . 52:1-52:3

Brief Announcement: Reaching Approximate Consensus When Everyone May
Crash
Lewis Tseng, Qinzi Zhang, and Yifan Zhang ....... ... . ..., 53:1-53:3

Brief Announcement: On Decidability of 2-Process Affine Models
Petr Kuznetsov and Thibault Rieutord ........ ... . o i 54:1-54:3



Preface

DISC, the International Symposium on Distributed Computing, is an international forum
on the theory, design, analysis, implementation and application of distributed systems and
networks. DISC is organized in cooperation with the European Association for Theoretical
Computer Science (EATCS).

This volume contains the papers presented at DISC 2020, the 34th International Sympo-
sium on Distributed Computing, held as a virtual event online on October 12-16, 2020. It also
includes the citations for two awards jointly sponsored by DISC and the ACM Symposium
on Principles of Distributed Computing (PODC):

The 2020 Edsger W. Dijkstra Prize in Distributed Computing, presented at PODC 2020,

to Dana Angluin, James Aspnes, Zoé Diamadi, Michael J. Fischer, and René Peralta for

their paper “Computation in networks of passively mobile finite-state sensors”, Distributed

Computing, volume 18, number 4, 2006, pages 235-253.

The 2019 Principles of Distributed Computing Doctoral Dissertation Award, presented

at DISC 2020, to Yannic Maus for his dissertation “The Power of Locality: Exploring

the Limits of Randomness in Distributed Computing”, written under the supervision of

Prof. Fabian Kuhn at the University of Freiburg and to Yi-Jun Chang for his dissertation

“Locality of Distributed Graph Problems”, written under the supervision of Prof. Seth

Pettie at the University of Michigan.

Despite the COVID-19 pandemic, we received this year a record number of submissions
in response to the call for papers: 170 regular paper submissions, and 15 brief announcement
submissions. We had a program committee with 32 members, and the committee was assisted
by 150 external reviewers. All submissions were evaluated by at least three reviewers; in
total, 616 reviews were collected. The program committee used double-blind peer review:
the submissions were anonymous and the PC members and external reviewers did not see
the names of the authors. The program committee decided to accept 39 regular submissions
(an acceptance rate of 23%) and 15 brief announcements for presentation at DISC 2020.

The committee selected the following paper as the recipient of the DISC 2020 Best
Paper Award:

Improved Bounds for Distributed Load Balancing,
by Sepehr Assadi, Aaron Bernstein and Zachary Langley

and the following paper as the recipient of the DISC 2020 Best Student Paper Award:

Intermediate Value Linearizability: A Quantitative Correctness Criterion,

by Arik Rinberg and Idit Keidar

DISC 2020 Best Reviewer Award was presented to Michal Dory and Laurent Feuilloley.

Three workshops were held in conjunction with DISC 2020:
ADGA: Workshop on Advances in Distributed Graph Algorithms
(chair: Jara Uitto)

CELLS: Computing among Cells

(chairs: Matthias Fuegger, Manish Kushwaha and Thomas Nowak)
Blockchain Sharding and Interoperability among Shards

(chairs: Fatemeh Shirazi and Eleftherios Kokoris Kogias)
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A tutorial on TLA+ was given by Leslie Lamport and Stephan Merz.

I would like to thank all conference participants and everyone who contributed to DISC
2020: the authors of the submitted papers, PC members and external reviewers, keynote
speakers, members of the organizing committee, workshop organizers, and members of the
award committees. I would also like to thank the members of the steering committee,
former chairs and many other members of the community for their valuable assistance
and suggestions, EATCS for their financial support, and the staff at Schloss Dagstuhl —
Leibniz-Zentrum fiir Informatik for the hard work they did with preparing these proceedings.

October 2020 Hagit Attiya
DISC 2020 Program Chair



Symposium Organization

DISC, the International Symposium on Distributed Computing, is an annual forum for
presentation of research on all aspects of distributed computing. It is organized in cooperation
with the European Association for Theoretical Computer Science (EATCS). The symposium
was established in 1985 as a biannual International Workshop on Distributed Algorithms on
Graphs (WDAG). The scope was soon extended to cover all aspects of distributed algorithms
and WDAG came to stand for International Workshop on Distributed AlGorithms, becoming
an annual symposium in 1989. To reflect the expansion of its area of interest, the name was
changed to DISC (International Symposium on DIStributed Computing) in 1998, opening
the symposium to all aspects of distributed computing. The aim of DISC is to reflect the
exciting and rapid developments in this field.
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2020 Edsger W. Dijkstra Prize in Distributed
Computing

The Edsger W. Dijkstra Prize in Distributed Computing is awarded for outstanding papers
on the principles of distributed computing, whose significance and impact on the theory or
practice of distributed computing have been evident for at least a decade. It is sponsored
jointly by the ACM Symposium on Principles of Distributed Computing (PODC) and the
EATCS Symposium on Distributed Computing (DISC). The prize is presented annually, with
the presentation taking place alternately at PODC and DISC.

The committee decided to award the 2020 Edsger W. Dijkstra Prize in Distributed
Computing to

Dana Angluin, James Aspnes, Zoé Diamadi, Michael J. Fischer, and René Peralta
for their paper:

Computation in networks of passively mobile finite-state sensors,
Distributed Computing 18(4): 235-253 (2006)

A preliminary version of this paper appeared in the proceedings of the Twenty-Third
Annual ACM Symposium Principles of Distributed Computing (PODC), 2004, pages 290-299.

This seminal paper introduces and initiates the study of population protocols. The
computational setting consists of agents whose resources are limited to a very small amount
of memory and computational power. When two agents interact, they change their local
states according to their previous local states through a simple transition function. This is
arguably one of the simplest models of distributed computing yet, surprisingly, non-trivial
predicates on the inputs of the agents can be computed. The paper defined the concept
of stable computation of a function or predicate in the population model, showed that any
predicate definable in Presburger arithmetic can be computed by a population protocol,
and provided constructions for fundamental objects such as counters and timers in the
probabilistic interaction model.

Through its novelty and technical quality, the paper of Angluin, Aspnes, Diamadi, Fischer
and Peralta initiated an expansive new sub-field in distributed computing. Population
protocols have revealed a rich landscape of algorithmic and lower bound techniques in the
context of fundamental distributed computing tasks. An powerful aspect of this paper is
in providing an elegant and concise model that faithfully captures a variety of real-world
processes, ranging from wireless sensor networks, to gene regulatory networks and chemical
reaction networks. This abstracts away much of the complexity of distributed computation
in these settings, without shedding its non-trivial technical essence.

This foundational paper led to extensive follow-up work regarding the computation power
of population protocols, their complexity costs, their application in dynamic networks, and
their usage in chemical and biological systems. Closest to the thrust of the original paper
is the investigation of the computational power of the population model. Extensive work
studied how the amount of memory available to each agent affects the system’s computational
power, and whether efficient general computational constructions exist.

The paper also paved the way to investigating bounds for the computation of specific
fundamental predicates, in terms of natural cost measures such as time and space. A flurry of
progress in this area yielded tight or almost tight bounds for tasks such as majority, plurality,
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2020 Edsger W. Dijkstra Prize in Distributed Computing

or leader election in population protocols. Several of these protocols relied on epidemic
propagation of information. This work led to the discovery of new tools, in particular, at the
boundary between distributed computing, randomized algorithms, and probability theory. In
addition, the paper was one of the first to study computation in a dynamic network, whose
topology is highly variable, and generally unpredictable. The resulting algorithmic theory of
dynamic networks has since become a new and active research area in theoretical computer
science.

Finally, population protocols also has had significant impact outside the traditional
boundaries of distributed computing. For instance, the population protocol model has been
shown in follow-up work to be formally equivalent, under technical conditions, to the classic
chemical reaction network (CRN) model, while providing a much simpler interface. This
has been a key contributing factor to the significant progress in this area in recent years.
Moreover, the use of population protocols has had impact in the context of DNA Computing
and Molecular Programming. In this recent and flourishing research area, population protocols
are used to express molecular programs that are coded in synthetic DNA.

In summary, the pioneering work on population protocols introduced in this paper
provided a general and elegant concept, created a new sub-field in distributed computing
and has had an impact outside the distributed computing area.
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Dr. Yi-Jun Chang for his dissertation Locality of Distributed Graph Problems, written
under the supervision of Prof. Seth Pettie at the University of Michigan.

and

Dr. Yannic Maus for his dissertation The Power of Locality: Exploring the Limits of
Randomness in Distributed Computing, written under the supervision of Prof. Fabian Kuhn
at the University of Freiburg.

The theses of Dr. Chang and Dr. Maus have played a key role in the recent, rapid
development of the theory of distributed graph algorithms and network computing. Both of
the theses have significantly advanced our understanding of the distributed computational
complexity of many key problems (e.g. graph coloring and splitting). In addition, they
have made groundbreaking contributions to the development of distributed computational
complexity theory in general.

These theses have introduced highly insightful concepts (e.g. the SLOCAL model) and
new intriguing graph problems (e.g. hierarchical coloring), they have developed novel proof
techniques (e.g. pumping arguments), and they have proved surprising results (e.g. gap
theorems and completeness). Put together, they have dramatically changed the way in which
researchers working in this field reason about distributed computational complexity. The
theses have been a driving force in this research area, and the concepts and ideas introduced
in these theses have already led to major breakthroughs.

The work presented in both dissertations has been published in a remarkably large
number of papers, has been presented at top conferences, and has received wide recognition,
including multiple best paper awards.

Due to the highly significant role these two theses have played in the development of
the field of distributed computing, the award committee unanimously selected them as
the winners of the 2020 Principles of Distributed Computing Doctoral Dissertation Award,
presented at DISC 2020.

The award is sponsored jointly by the ACM Symposium on Principles of Distributed
Computing (PODC) and the EATCS Symposium on Distributed Computing (DISC). It is
presented annually, with the presentation taking place alternately at PODC and DISC.
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