
Ruzica Piskac / Michael W. Whalen (Eds.)
PROCEEDINGS OF THE 21ST CONFERENCE ON FORMAL METHODS IN COMPUTER-AIDED 
DESIGN – FMCAD 2021



Conference Series: Formal Methods in Computer-Aided Design 
Volume 2

Conference Series: Formal Methods in Computer-Aided Design

Series edited by:
Warren A. Hunt, Jr., The University of Texas at Austin 
      Austin, TX 78705 | hunt@cs.utexas.edu
Georg Weissenbacher, TU Wien 
      Karlsplatz 13, 1040 Wien, Austria | georg.weissenbacher@tuwien.ac.at

The Conference on Formal Methods in Computer-Aided Design (FMCAD) is an annual conference on the theory and applications of formal methods in hardware and system 
verification. FMCAD provides a leading forum to researchers in academia and industry for presenting and discussing groundbreaking methods, technologies, theoretical 
results, and tools for reasoning formally about computing systems. FMCAD covers formal aspects of computer-aided system design including verification, specification, 
synthesis, and testing. 

Information on this publication series and the volumes published therein is available at www.tuwien.ac.at/academicpress.

Volume 2 edited by:
Ruzica Piskac, Yale University 
      51 Prospect Street, New Haven, CT 06511, USA | ruzica.piskac@yale.edu
Michael W. Whalen, Amazon Web Services, Inc. 
     323 N Washington Ave, Minneapolis, MN 55401, USA | mww@amazon.com



Ruzica Piskac / Michael W. Whalen (Eds.)

PROCEEDINGS OF THE 21ST 
CONFERENCE ON FORMAL 
METHODS IN COMPUTER-AIDED 
DESIGN – FMCAD 2021



This work is licensed under a Creative Commons attribution 4.0 international license (CC BY 4.0). 
https://creativecommons.org/licenses/by/4.0/

ISBN (online):      978-3-85448-046-4
ISSN (online):     2708-7824 
 
Available online:     https://doi.org/10.34727/2021/isbn.978-3-85448-046-4

Media proprietor: TU Wien, Karlsplatz 13, 1040 Wien
Publisher: TU Wien Academic Press
Publication series editor: Warren A. Hunt, Jr. and Georg Weissenbacher
Editors (responsible for the content): Ruzica Piskac and Michael W. Whalen

Cite as:
Piskac, R. & Whalen, M. W. (Eds.). (2021). Proceedings of the 21st Conference on Formal Methods in Computer-Aided 
Design – FMCAD 2021. TU Wien Academic Press. https://doi.org/10.34727/2021/isbn.978-3-85448-046-4

TU Wien Academic Press, 2021

c/o TU Wien Bibliothek
TU Wien 
Resselgasse 4, 1040 Wien
academicpress@tuwien.ac.at
www.tuwien.at/academicpress

https://www.tuwien.at/academicpress/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4


Preface

These are the proceedings of the twenty-first International Conference on Formal Methods in Computer-Aided
Design (FMCAD), which was held online from October 18 – October 22, 2021 due to the coronavirus. FMCAD
was constituted in 1996 as a conference covering formal aspects of specification, verification, synthesis, testing,
and security, and as a leading forum for researchers and practitioners in academia and industry alike. 2021 marks
the 25th anniversary of that original meeting, and so we wish to celebrate the vision of those original organizers!

The program of FMCAD 2021 is comprised of four tutorials, three invited talks, a student forum, an industry
night, a panel session on “25 years of FMCAD”, and the main program consisting of presentations of 30 accepted
papers. The tutorial day featured four presentations:

• Active Automata Learning: from L∗ to L# by Frits Vaandrager
• Stainless Verification System Tutorial by Viktor Kuncak
• Reactive Synthesis Beyond Realizability by Rayna Dimitrova
• Formal Methods for the Security Analysis of Smart Contracts by Matteo Maffei

and the main conference featured three invited talks:
• From Viewstamped Replication to Blockchains by Barbara Liskov
• Algorithms for the People by Seny Kamara
• Engineering with Full-scale Formal Architecture: Morello, CHERI, Armv8-A, and RISC-V by Peter Sewell
FMCAD’21 also hosted the ninth edition of the Student Forum, which has been held annually since 2013 and

provides a platform for graduate students at any career stage to introduce their research to the FMCAD community.
The FMCAD Student Forum 2021 was organized by Mark Santolucito and featured short presentations of 11
accepted contributions. A detailed description of the Student Forum, listing all accepted contributions, is provided
in the conference proceedings. FMCAD 2021 received 72 submissions out of which the committee decided to
accept 30 for publication. Each submission received at least three reviews. The topics of the accepted papers
include hardware and software verification, SAT, SMT, learning, synthesis, Neural-Network verification, and more.
Out of the accepted papers, 23 are classified as regular papers (20 long and 3 short) and 7 are classified as tool/case
study papers (5 long and 2 short).

Organizing this event would not have been possible without the support of a large number of people and our
sponsors. The program committee members and additional reviewers, listed on the following pages, did an excellent
job providing detailed and insightful reviews, which helped the authors to improve their submissions and guided the
selection of the papers accepted for publication. We thank each and everyone of them for dedicating their time and
providing their expertise. We thank William Hallahan (Yale University) for being the web master, Daniel Schoepe
for being the Sponsorship Chair, and Mark Santolucito for organizing this year’s FMCAD Student Forum. We thank
Georg Weissenbacher (TU Wien) both for his exceptional assistance in organizing the event, communicating to us
the decisions of the steering committee, as well as being the publication chair. Holding a conference like FMCAD
would not be feasible without the financial support of our sponsors. We would like to express our gratitude to
our sponsors (in alphabetical order): Amazon Web Services, Amazon Prime Video, Cadence, Centaur Technology,
Galois, Intel, Mentor Graphics, Novi, and Synopsys.

The conference proceedings are available as Open Access Proceedings published by TU Wien Academic Press,
and through the IEEE Xplore Digital Library. Last but not least, we thank all authors who submitted their papers
to FMCAD 2021 (accepted or not), and whose contributions and presentations form the core of the conference.
We are grateful to everyone who presented their paper, gave a keynote or gave a tutorial. We thank all attendees
of FMCAD for supporting the conference and making FMCAD a stimulating and enjoyable event.

October, 2021 Ruzica Piskac, Yale University
Michael W. Whalen, Amazon Inc. and the University of Minnesota
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Leonardo de Moura Microsoft
Rayna Dimitrova CISPA Helmholtz Center for Information Security
Grigory Fedyukovich Florida State University
Arie Gurfinkel University of Waterloo
Liana Hadarean Amazon Web Services
Ziyad Hanna Cadence Design System
Fei He Tsinghua University
Marijn Heule Carnegie Mellon University
Warren A. Hunt, Jr. The University of Texas at Austin
Alexander Ivrii IBM
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Marton Hajdu, Petra Hozzová, Laura Kovacs and Andrei Voronkov

Fair and Adventurous Enumeration of Quantifier Instantiations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
Mikolas Janota, Haniel Barbosa, Pascal Fontaine and Andrew Reynolds

Mathematical Programming Modulo Strings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Ankit Kumar and Panagiotis Manolios

Lookahead in Partitioning SMT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
Antti Hyvärinen, Matteo Marescotti and Natasha Sharygina

A Multithreaded Vampire with Shared Persistent Grounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Michael Rawson and Giles Reger

XI

https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_29
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_30
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_31
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_32
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_33
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_34
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_35
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_36
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_37
https://doi.org/10.34727/2021/isbn.978-3-85448-046-4_38

	Weissenabcher_Titelei_Einzeln_20210820.pdf
	frontmatter_standalone.pdf
	Preface
	Organizing Committee
	Program Committee
	Additional Reviewers
	Table of Contents


