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Preface

Welcome to the proceedings of VMCAI 2021, the 22nd International Conference on
Verification, Model Checking, and Abstract Interpretation.

Nonlocation. VMCAI 2021 was held January 17-19, 2021, jointly with the 48th
ACM SIGPLAN Symposium on Principles of Programming Languages (POPL 2021).
In contrast to previous years, VMCALI took place entirely online due to the COVID-19
pandemic, after originally being planned to be held at Hotel Scandic Copenhagen in
Copenhagen, Denmark, colocated with POPL 2021.

Conference description. VMCAI provides a forum for researchers working on
verification, model checking, and abstract interpretation and facilitates interaction,
cross-fertilization, and advancement of hybrid methods that combine these and related
areas.

The topics of the conference include program verification, model checking, abstract
interpretation, program synthesis, static analysis, type systems, deductive methods,
decision procedures, theorem proving, program certification, debugging techniques,
program transformation, optimization, and hybrid and cyber-physical systems.

Focus on reproducibility of research sesults. For the second time, VMCAI 2021
included an optional artifact evaluation (AE) process for submitted papers. Repro-
ducibility of results is of the utmost importance to the VMCAI community. Therefore,
we encouraged all authors to submit an artifact for evaluation. An artifact is any
additional material (software, data sets, machine-checkable proofs, etc.) that substan-
tiates the claims made in a paper and ideally makes them fully replicable. The eval-
uation and archiving of artifacts improves replicability and traceability for the benefit of
future research and the broader VMCAI community.

Paper selection. VMCAI 2021 received a total of 50 paper submissions, of which 2
were rejected without a full review for being out of scope and 1 was withdrawn during
the reviewing period. After a rigorous review process, with each paper reviewed by at
least three program committee members and a subsequent online discussion, the pro-
gram committee eventually accepted 23 papers for publication in the proceedings and
for presentation at the conference: 20 regular papers, 2 case studies, and 1 tool paper.
The main selection criteria were quality, relevance, and originality.

Invited talks and papers. The conference program included three invited keynote
presentations. They were by Bernd Finkbeiner (Universitit des Saarlandes and CISPA
Helmholtz Center for Information Security) on Model Checking Algorithms for
Hyperproperties, by Laura Kovacs (TU Wien) on Algebra-Based Synthesis of Loops
and their Invariants, and by Bernhard Steffen (TU Dortmund) on Generative Program
Analysis and Beyond: The Power of Domain-Specific Languages.

Each of the keynote presentations is accompanied by a paper the speakers were
invited to contribute to these proceedings. David Schmidt (Kansas State University),
who was jointly invited, elected to defer to and support Bernhard Steffen’s invited talk
and paper.
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No winter school. In contrast to previous years there was no winter school pre-
ceding the conference. The organizers figured that the interactive spirit and intensity of
a winter school would be too difficult to achieve in the purely online setting necessi-
tated by COVID-19.

Artifact evaluation process. VMCAI 2021 continued the artifact evaluation pro-
cess established by VMCAI 2020. The goals of artifact evaluation are: (1) to get more
substantial evidence for the claims in the papers, (2) to simplify the replication of
results in the paper, and (3) to reward authors who create artifacts. Artifacts are any
additional material that substantiates the claims made in the paper. Examples of arti-
facts are software, tools, frameworks, data sets, test suites, and machine-checkable
proofs.

Authors of submitted papers were encouraged to submit an artifact to the VMCAI
2021 artifact evaluation committee (AEC). We also encouraged the authors to make
their artifacts publicly and permanently available. Artifacts had to be provided as . zip
or .tar.gz files and had to contain all necessary software for artifact evaluation as
well as a README file that describes the artifact and provides instructions on how to
replicate the results. Artifact evaluation had to be possible in the VMCAI 2021 virtual
machine, which ran Ubuntu 20.04 and was made publicly and permanently available
on Zenodo'.

All 22 submitted artifacts were evaluated in parallel with the papers. We assigned
three members of the AEC to each artifact and assessed it in two phases. First, the
reviewers tested whether the artifacts were working, e.g. there were no corrupted or
missing files and the evaluation did not crash on simple examples. For those artifacts
that did not work, we sent the issues to the authors. The authors’ answers to the
reviewers were distributed among the reviewers, and the authors were allowed to
submit an updated artifact to fix issues found during the test phase. In the second phase,
the assessment phase, the reviewers aimed at reproducing any experiments or activities
and evaluated the artifact based on the following questions:

. Is the artifact consistent with the paper and the claims made by the paper?
. Are the results of the paper replicable through the artifact?

. Is the artifact well documented?

. Is the artifact easy to use?

B W N =

21 of the 22 submitted artifacts passed this second phase. Of these, 12 artifacts also
had their corresponding paper accepted, and were rewarded with the ‘Functional’
VMCAL artifact evaluation badge. Ten of these further consisted of artifacts that were
made permanently and publicly available; they were awarded the ‘Available’ VMCAI
artifact evaluation badge. Four of these were further considered remarkably well
structured, well documented and easy to adapt to future experiments or comparisons,
and received the ‘Reusable’ badge.

Acknowledgments. We would like to thank, first of all, the authors for submitting
their papers and, in many cases, supporting artifacts to VMCAI 2021.

! https:/zenodo.org/record/4017293.
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The program committee and the artifact evaluation committee did a great job of
reviewing: they contributed informed and detailed reports and engaged conscientiously
in the discussions and, in 3 cases, shepherding that eventually led to the decisions
which submissions to accept for presentation at the conference and for inclusion in the
present proceedings.

We warmly thank the keynote speakers for their participation and contributions.

We also thank the organizational committee of POPL 2021, in particular POPL
General Chair Andreas Podelski, for the umbrella organization they provided for the
entire POPL 2021 conference week.

Special thanks go to Clowdr for providing an online conference platform that not
only provided live audio/video transmission of the presentations, but also facilitated
low-carbon interactive and social participation from around the world.

We thank Christine Reiss and her publication team at Springer for their support, and
EasyChair for facilitating an efficient reviewing process.

The VMCALI steering committee and the previous year’s PC co-chairs, Dirk Beyer
and Damien Zufferey, have provided helpful advice, assistance, and support. Special
thanks go to Andreas Podelski for his experienced supervision and support from initial
planning to execution and finalization of VMCAI 2021.

Last but not least, we thank the sponsors, Amazon Web Services, Cadence, and
Springer, for their financial contributions. They made it possible for students and others
without the financial means to cover the registration fee to participate in VMCAI 2021.

November 2020 Fritz Henglein
Sharon Shoham

Yakir Vizel

Klaus von Gleissenthall

Troels Henriksen



Organization

Program Committee (PC)

Aws Albarghouthi
Josh Berdine

Dirk Beyer

Nikolaj Bjerner
Roderick Bloem
Ahmed Bouajjani
Swarat Chaudhuri
Yu-Fang Chen

Hana Chockler

Rayna Dimitrova
Dana Drachsler-Cohen
Cezara Dragoi
Grigory Fedyukovich
Jean-Christophe Filliatre
Orna Grumberg

Arie Gurfinkel

Fritz Henglein (Co-chair)
Guy Katz

Rupak Majumdar
Antoine Miné

Jorge A. Navas

Oded Padon

Corina S. Pasareanu

Azalea Raad
Xavier Rival
Ilya Sergey

Sharon Shoham (Co-chair)
Alexander J. Summers
Niki Vazou

Michael Whalen

James R. Wilcox

Yakir Vizel (Co-chair)
Lenore Zuck

University of Wisconsin-Madison
Facebook

LMU Munich

Microsoft

Graz University of Technology
IRIF, University of Paris
University of Texas at Austin
Academia Sinica

King’s College London

CISPA Helmholtz Center for Information Security

Technion

Inria and ENS

Florida State University

CNRS

Technion

University of Waterloo

University of Copenhagen and Deon Digital

The Hebrew University of Jerusalem

Max Planck Institute for Software Systems

Sorbonne Université

SRI International

Stanford University

Carnegie Mellon University and NASA Ames
Research Center and KBR

Imperial College London

Inria and CNRS and ENS and PSL University

Yale-NUS College and National University of
Singapore

Tel Aviv University

The University of British Columbia

IMDEA Software Institute

Amazon Web Services

Certora and University of Washington

Technion

University of Illinois at Chicago



X Organization

Artifact Evaluation Committee (AEC)

Shaun Azzopardi
Alexey Bakhirkin
Guillaume Bau
Marek Chalupa
Mingshuai Chen
Yu-Ting Chen
Julia Eisentraut
Isabel Garcia

Miriam Garcia Soto

Aman Goel

Hari Govind V. K.

Daniel Hausmann

Troels Henriksen (Co-chair)

Nouraldin Jaber

Konstantinos Kallas

Bettina Konighofer

Yunjeong Lee

Thomas Lemberger

Monal Narasimhamurthy

Abdelraouf Ouadjaout

Tanja Schindler

Yoshiki Takashima

Klaus v. Gleissenthall
(Co-chair)

Joakim Ohman

University of Gothenburg

MathWorks

Nomadic Labs

Masaryk University

RWTH Aachen

Chalmers University of Technology

Technical University of Munich

IMDEA Software Institute & Universidad Politécnica
de Madrid

IST Austria

University of Michigan

Unaffiliated

Friedrich-Alexander-Universitit Erlangen-Niirnberg

University of Copenhagen

Purdue University

University of Pennsylvania

Technical University of Graz

National University of Singapore

Ludwig Maximilian University of Munich

University of Colorado Boulder

LIP6, Sorbonne Université

University of Freiburg

Carnegie Mellon University

Vrije Universiteit Amsterdam

IMDEA Software Institute

Steering Committee (SC)

Tino Cortesi
Patrick Cousot
Ruzica Piskac
Andreas Podelski
Lenore Zuck

Additional Reviewers

Shaull Almagor
Mohamed Faouzi Atig
Jérome Dohrau
Masoud Ebrahimi
Gidon Ernst

Universita Ca’ Foscari Venezia
New York University

Yale University

University of Freiburg
University of Illinois at Chicago

Yotam Feldman
Karlheinz Friedberger
Adam Geller

Shachar Itzhaky
Jacques-Henri Jourdan



Sudeep Kanav
Jason Koenig
Konstantin Korovin
Yunjeong Lee
Thomas Lemberger
Makai Mann
Christoph Matheja
Dmitry Mordvinov

Organization

Andrei Paskevich
Wytse Oortwijn
Martin Spiessl
Divyesh Unadkat
Nico Weise
Philipp Wendler
Yoni Zohar

xi



Contents

Invited Papers

Model Checking Algorithms for Hyperproperties (Invited Paper). . .. ... ...

Bernd Finkbeiner

Algebra-Based Synthesis of Loops and Their Invariants (Invited Paper). . . . .

Andreas Humenberger and Laura Kovdcs

Generative Program Analysis and Beyond: The Power of Domain-Specific

Languages (Invited Paper) . .. ... .. .. .. . .

Bernhard Steffen and Alnis Murtovi

Hyperproperties and Infinite-State Systems

Compositional Model Checking for Multi-properties . . . .. .............

Ohad Goudsmid, Orna Grumberg, and Sarai Sheinvald

Decomposing Data Structure Commutativity Proofs with m n-Differencing . . .

Eric Koskinen and Kshitij Bansal

Proving the Existence of Fair Paths in Infinite-State Systems . . ..........

Alessandro Cimatti, Alberto Griggio, and Enrico Magnago

A Self-certifying Compilation Framework for WebAssembly . ... ........

Kedar S. Namjoshi and Anton Xue

Concurrent and Distributed Systems

Concurrent Correctness in Vector Space. . . . .. ... .o,

Christina Peterson, Victor Cook, and Damian Dechev

Verification of Concurrent Programs Using Petri Net Unfoldings . ........

Daniel Dietsch, Matthias Heizmann, Dominik Klumpp, Mehdi Naouar,
Andreas Podelski, and Claus Schditzle

Eliminating Message Counters in Synchronous Threshold Automata . . . .. ..

llina Stoilkovska, Igor Konnov, Josef Widder, and Florian Zuleger

A Reduction Theorem for Randomized Distributed Algorithms Under

Weak AdVversaries. . . ... ... i e

Nathalie Bertrand, Marijana Lazi¢, and Josef Widder

17

29

55

81



X1v Contents

Abstract Interpretation and Model Checking

Runtime Abstract Interpretation for Numerical Accuracy and Robustness. ... 243
Franck Védrine, Maxime Jacquemin, Nikolai Kosmatov,
and Julien Signoles

Twinning Automata and Regular Expressions for String Static Analysis. . . . . 267
Luca Negrini, Vincenzo Arceri, Pietro Ferrara, and Agostino Cortesi

Unbounded Procedure Summaries from Bounded Environments . ... .... .. 291
Lauren Pick, Grigory Fedyukovich, and Aarti Gupta

Syntax-Guided Synthesis for Lemma Generation in Hardware
Model Checking . . . . ... ... 325
Hongce Zhang, Aarti Gupta, and Sharad Malik

Synthesis and Repair

Approximate Bit Dependency Analysis to Identify Program Synthesis
Problems as Infeasible. . ... ... ... .. . 353
Marius Kamp and Michael Philippsen

Automated Repair of Heap-Manipulating Programs Using Deductive
SyNthesis . . . ..o e 376
Thanh-Toan Nguyen, Quang-Trung Ta, llya Sergey, and Wei-Ngan Chin

GPURepair: Automated Repair of GPU Kernels . . . .................. 401
Saurabh Joshi and Gautam Muduganti

Applications

A Synchronous Effects Logic for Temporal Verification of Pure Esterel. . . . . 417
Yahui Song and Wei-Ngan Chin

A Design of GPU-Based Quantitative Model Checking . .. ............. 441
YoungMin Kwon and Eunhee Kim

Formal Semantics and Verification of Network-Based Biocomputation

CITCUILS .« . oottt e e e e 464
Michelle Aluf-Medina, Till Korten, Avraham Raviv, Dan V. Nicolau Jr.,
and Hillel Kugler

Netter: Probabilistic, Stateful Network Models . . ... ................. 486
Han Zhang, Chi Zhang, Arthur Azevedo de Amorim, Yuvraj Agarwal,
Matt Fredrikson, and Limin Jia



Contents

Decision Procedures

Deciding the Bernays-Schoenfinkel Fragment over Bounded Difference
Constraints by Simple Clause Learning over Theories . . . ... ...........
Martin Bromberger, Alberto Fiori, and Christoph Weidenbach

Incremental Search for Conflict and Unit Instances of Quantified Formulas
with E-Matching. . ... ... ..
Jochen Hoenicke and Tanja Schindler

On Preprocessing for Weighted MaxSAT. . ... ... .. .. ... ... ...
Tobias Paxian, Pascal Raiola, and Bernd Becker

Compositional Satisfiability Solving in Separation Logic . ... ...........
Quang Loc Le

Author Index . . ... ... ... . . . .. ..

XV



	Preface
	Organization
	Contents



