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ETAPS Foreword

Welcome to the 24th ETAPS! ETAPS 2021 was originally planned to take place in
Luxembourg in its beautiful capital Luxembourg City. Because of the Covid-19 pan-
demic, this was changed to an online event.

ETAPS 2021 was the 24th instance of the European Joint Conferences on Theory
and Practice of Software. ETAPS is an annual federated conference established in
1998, and consists of four conferences: ESOP, FASE, FoSSaCS, and TACAS. Each
conference has its own Program Committee (PC) and its own Steering Committee
(SC). The conferences cover various aspects of software systems, ranging from theo-
retical computer science to foundations of programming languages, analysis tools, and
formal approaches to software engineering. Organising these conferences in a coherent,
highly synchronised conference programme enables researchers to participate in an
exciting event, having the possibility to meet many colleagues working in different
directions in the field, and to easily attend talks of different conferences. On the
weekend before the main conference, numerous satellite workshops take place that
attract many researchers from all over the globe.

ETAPS 2021 received 260 submissions in total, 115 of which were accepted,
yielding an overall acceptance rate of 44.2%. I thank all the authors for their interest in
ETAPS, all the reviewers for their reviewing efforts, the PC members for their con-
tributions, and in particular the PC (co-)chairs for their hard work in running this entire
intensive process. Last but not least, my congratulations to all authors of the accepted
papers!

ETAPS 2021 featured the unifying invited speakers Scott Smolka (Stony Brook
University) and Jane Hillston (University of Edinburgh) and the conference-specific
invited speakers Isil Dillig (University of Texas at Austin) for ESOP and Willem Visser
(Stellenbosch University) for FASE. Inivited tutorials were provided by Erika Abrahdm
(RWTH Aachen University) on analysis of hybrid systems and Madhusudan
Parthasararathy (University of Illinois at Urbana-Champaign) on combining machine
learning and formal methods.

ETAPS 2021 was originally supposed to take place in Luxembourg City, Luxem-
bourg organized by the SnT - Interdisciplinary Centre for Security, Reliability and
Trust, University of Luxembourg. University of Luxembourg was founded in 2003.
The university is one of the best and most international young universities with 6,700
students from 129 countries and 1,331 academics from all over the globe. The local
organisation team consisted of Peter Y.A. Ryan (general chair), Peter B. Roenne (or-
ganisation chair), Joaquin Garcia-Alfaro (workshop chair), Magali Martin (event
manager), David Mestel (publicity chair), and Alfredo Rial (local proceedings chair).

ETAPS 2021 was further supported by the following associations and societies:
ETAPS e.V., EATCS (European Association for Theoretical Computer Science),
EAPLS (European Association for Programming Languages and Systems), and EASST
(European Association of Software Science and Technology).
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The ETAPS Steering Committee consists of an Executive Board, and representa-
tives of the individual ETAPS conferences, as well as representatives of EATCS,
EAPLS, and EASST. The Executive Board consists of Holger Hermanns (Saar-
briicken), Marieke Huisman (Twente, chair), Jan Kofron (Prague), Barbara Konig
(Duisburg), Gerald Liittgen (Bamberg), Caterina Urban (INRIA), Tarmo Uustalu
(Reykjavik and Tallinn), and Lenore Zuck (Chicago).

Other members of the steering committee are: Patricia Bouyer (Paris), Einar Broch
Johnsen (Oslo), Dana Fisman (Be’er Sheva), Jan-Friso Groote (Eindhoven), Esther
Guerra (Madrid), Reiko Heckel (Leicester), Joost-Pieter Katoen (Aachen and Twente),
Stefan Kiefer (Oxford), Fabrice Kordon (Paris), Jan Kfetinsky (Munich), Kim G.
Larsen (Aalborg), Tiziana Margaria (Limerick), Andrew M. Pitts (Cambridge), Grigore
Rosu (Illinois), Peter Ryan (Luxembourg), Don Sannella (Edinburgh), Lutz Schroder
(Erlangen), Ilya Sergey (Singapore), Mariélle Stoelinga (Twente), Gabriele Taentzer
(Marburg), Christine Tasson (Paris), Peter Thiemann (Freiburg), Jan Vitek (Prague),
Anton Wijs (Eindhoven), Manuel Wimmer (Linz), and Nobuko Yoshida (London).

I’d like to take this opportunity to thank all the authors, attendees, organizers of the
satellite workshops, and Springer-Verlag GmbH for their support. I hope you all
enjoyed ETAPS 2021.

Finally, a big thanks to Peter, Peter, Magali and their local organisation team for all
their enormous efforts to make ETAPS a fantastic online event. I hope there will be a
next opportunity to host ETAPS in Luxembourg.

February 2021 Marieke Huisman
ETAPS SC Chair
ETAPS e.V. President



Preface

Welcome to the 30th European Symposium on Programming! ESOP 2021 was orig-
inally planned to take place in Luxembourg. Because of the COVID-19 pandemic, this
was changed to an online event. ESOP is one of the European Joint Conferences on
Theory and Practice of Software (ETAPS). It is devoted to fundamental issues in the
specification, design, analysis, and implementation of programming languages and
systems.

This volume contains 24 papers, which the program committee selected among 79
submissions. Each submission received between three and five reviews. After an author
response period, the papers were discussed electronically among the 25 PC members
and 98 external reviewers. The nine papers for which the PC chair had a conflict of
interest (11% of the total submissions) were kindly handled by Patrick Eugster.

The quality of the submissions for ESOP 2021 was astonishing, and very sadly, we
had to reject many strong papers. I would like to thank all the authors who submitted
their papers to ESOP 2021.

Finally, I truly thank the members of the program committee. I am very impressed
by their insightful and constructive reviews — every PC member has contributed very
actively to the online discussions under this difficult COVID-19 situation, and sup-
ported Patrick and me. It was a real pleasure to work with all of you! I am also grateful
to the nearly 100 external reviewers, who provided their expert opinions.

I would like to thank the ESOP 2020 chair Peter Miiller for his instant help and
guidance on many occasions. I thank all who contributed to the organisation of ESOP-
the ESOP steering committee and its chair Peter Thiemann as well as the ETAPS
steering committee and its chair Marieke Huisman, who provided help and guidance.
I would also like to thank Alfredo Rial Duran, Barbara Konig, and Francisco Ferreira
for their help with the proceedings.

January 2021 Nobuko Yoshida

In the originally published version of the ESOP 2021 preface, in the last sentence, there
was an error in the name of “Barbara Konig”.This has now been corrected.



Program Committee

Stephanie Balzer
Sandrine Blazy
Viviana Bono
Brijesh Dongol
Patrick Eugster
Marco Gaboardi
Dan Ghica

Justin Hsu
Zhenjiang Hu
Robbert Krebbers
Hongjin Liang

Yu David Liu
Etienne Lozes
Corina Pasareanu
Alex Potanin
Guido Salvaneschi
Alan Schmitt
Taro Sekiyama
Zhong Shao

Sam Staton
Alexander J. Summers
Vasco T. Vasconcelos
Tobias Wrigstad
Nicolas Wu
Nobuko Yoshida
Damien Zufferey

Additional Reviewers

Adamek, Jiri

Alglave, Jade

Alvarez Picallo, Mario
Ambal, Guillaume
Amtoft, Torben
Ancona, Davide

Atig, Mohamed Faouzi
Avanzini, Martin
Bengtson, Jesper

Organization

CMU

University of Rennes 1 - IRISA
Universita di Torino

University of Surrey

Universita della Svizzera italiana (USI)

Boston University

University of Birmingham
University of Wisconsin-Madison
Peking University

Radboud University Nijmegen
Nanjing University

SUNY Binghamton

I3S, University of Nice & CNRS
CMU/NASA Ames Research Center
Victoria University of Wellington
University of St. Gallen

Inria

National Institute of Informatics
Yale University

University of Oxford

University of British Columbia
University of Lisbon

Uppsala University

Imperial College London
Imperial College London
MPI-SWS

Besson, Frédéric
Bodin, Martin
Canino, Anthony
Casal, Filipe
Castegren, Elias
Castellan, Simon
Chakraborty, Soham
Charguéraud, Arthur
Chen, Ligian



X Organization

Chen, Yixuan

Chini, Peter

Chuprikov, Pavel
Cogumbreiro, Tiago
Curzi, Gianluca
Dagnino, Francesco

Dal Lago, Ugo
Damiani, Ferruccio
Derakhshan, Farzaneh
Dexter, Philip
Dezani-Ciancaglini, Mariangiola
Emoto, Kento
Fernandez, Kiko
Fromherz, Aymeric
Frumin, Daniil

Gavazzo, Francesco
Gordillo, Pablo

Gratzer, Daniel
Guéneau, Armaél

JTosif, Radu

Jacobs, Jules

Jiang, Hanru

Jiang, Yanyan
Jongmans, Sung-Shik
Jovanovi¢, Dejan
Kaminski, Benjamin Lucien
Kerjean, Marie

Khayam, Adam
Kokologiannakis, Michalis
Krishna, Siddharth
Laird, James

Laporte, Vincent
Lemay, Mark

Lindley, Sam

Long, Yuheng
Mamouras, Konstantinos
Mangipudi, Shamiek

Maranget, Luc
Martinez, Guido
Mehrotra, Puneet
Miné, Antoine
Mordido, Andreia
Muroya, Koko
Murray, Toby

Mogelberg, Rasmus Ejlers

New, Max

Noizet, Louis
Noller, Yannic
Novotny, Petr
Oliveira Vale, Arthur
Orchard, Dominic
Padovani, Luca
Pagani, Michele
Parthasarathy, Gaurav
Paviotti, Marco
Power, John

Pocas, Diogo

Pérez, Jorge A.

Qu, Weihao

Rand, Robert
Rouvoet, Arjen
Sammler, Michael
Sato, Tetsuya
Sterling, Jonathan
Stutz, Felix Matthias
Sutre, Grégoire
Swamy, Nikhil
Takisaka, Toru
Toninho, Bernardo
Toro, Matias

Vene, Varmo
Viering, Malte
Wang, Di

Zufferey, Damien



Contents

The Decidability of Verification under PS 2.0. . ... ... ... ... ... ... 1
Parosh Aziz Abdulla, Mohamed Faouzi Atig, Adwait Godbole,
S. Krishna, and Viktor Vafeiadis

Data Flow Analysis of Asynchronous Systems using Infinite
Abstract Domains . . . ... ... 30
Snigdha Athaiya, Raghavan Komondoor, and K. Narayan Kumar

Types for Complexity of Parallel Computation in Pi-Calculus. . .. ... ... .. 59
Patrick Baillot and Alexis Ghyselen

Checking Robustness Between Weak Transactional Consistency Models . . . . 87
Sidi Mohamed Beillahi, Ahmed Bouajjani, and Constantin Enea

Verified Software Units. . . ... ... ... .. . . . i 118
Lennart Beringer

An Automated Deductive Verification Framework for Circuit-building

Quantum Programs . . . ... ... . L 148
Christophe Chareton, Sébastien Bardin, Frangois Bobot,
Valentin Perrelle, and Benoit Valiron

Nested Session Types . . . ... ..o 178
Ankush Das, Henry DeYoung, Andreia Mordido, and Frank Pfenning

Coupled Relational Symbolic Execution for Differential Privacy . ... ... ... 207
Gian Pietro Farina, Stephen Chong, and Marco Gaboardi

Graded Hoare Logic and its Categorical Semantics . ... ............... 234
Marco Gaboardi, Shin-ya Katsumata, Dominic Orchard,
and Tetsuya Sato

Do Judge a Test by its Cover: Combining Combinatorial

and Property-Based Testing . . . .. ... ... . 264
Harrison Goldstein, John Hughes, Leonidas Lampropoulos,
and Benjamin C. Pierce

For a Few Dollars More: Verified Fine-Grained Algorithm Analysis Down

Maximilian P. L. Haslbeck and Peter Lammich

Run-time Complexity Bounds Using Squeezers. . . . .................. 320
Oren Ish-Shalom, Shachar Itzhaky, Noam Rinetzky, and Sharon Shoham



Xii Contents

Complete trace models of state and control . ....................... 348
Guilhem Jaber and Andrzej S. Murawski

Session Coalgebras: A Coalgebraic View on Session Types
and Communication Protocols ... ....... ... ... .. .. .. . ... 375
Alex C. Keizer, Henning Basold, and Jorge A. Pérez

Correctness of Sequential Monte Carlo Inference for Probabilistic
Programming Languages . . ... ... ... ... 404
Daniel Lundén, Johannes Borgstrom, and David Broman

Densities of Almost Surely Terminating Probabilistic Programs
are Differentiable Almost Everywhere . . . .. ... ... ... ... ... ... .... 432
Carol Mak, C.-H. Luke Ong, Hugo Paquet, and Dominik Wagner

Graded Modal Dependent Type Theory . . .. ... ... ... .. ......... 462
Benjamin Moon, Harley Eades IlI, and Dominic Orchard

Automated Termination Analysis of Polynomial Probabilistic Programs. . . . . 491
Marcel Moosbrugger, Ezio Bartocci, Joost-Pieter Katoen,
and Laura Kovacs

Bayesian strategies: probabilistic programs as generalised
graphical models. . . . ... ... . .. 519
Hugo Paquet

Temporal Refinements for Guarded Recursive Types. . . ............... 548
Guilhem Jaber and Colin Riba

Query Lifting: Language-integrated query for heterogeneous
nested collections . . . ... ... 579
Wilmer Ricciotti and James Cheney

Reverse AD at Higher Types: Pure, Principled and Denotationally Correct. . . 607
Matthijs Vakar

Sound and Complete Concolic Testing for Higher-order Functions . . ... ... 635
Shu-Hung You, Robert Bruce Findler, and Christos Dimoulas

Strong-Separation Logic. . . . .. ... ... 664
Jens Pagel and Florian Zuleger

Author Index . . .. ... ... .. . .. . .. 693





