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Preface

This volume contains the papers presented at CSL 2023, the 31st meeting in the conference
series Computer Science Logic (CSL), the annual conference of the European Association for
Computer Science Logic (EACSL). CSL 2023 was held from 13th to 16th February 2023. It
was organised at the University of Warsaw.

CSL started as a series of international workshops, and became an international conference
in 1992. Previous instalments of CSL were held in Géttingen (2022, on-line), Ljubljana (2021,
on-line), Barcelona (2020), Birmingham (2018), Stockholm (2017), Marseille (2016), Berlin
(2015), Vienna (2014), Torino (2013), Fontainebleau (2012), Bergen(2011), Brno (2010),
Coimbra (2009), Bologna (2008), Lausanne (2007), Szeged (2006), Oxford (2005), Karpacz
(2004), Vienna (2003), Edinburgh (2002), Paris (2001), Munich (2000), Madrid (1999), Brno
(1998), Aarhus (1997), Utrecht (1996), Paderborn (1995), Kazimierz (1994), Swansea (1993)
and San Miniato (1992).

CSL is an interdisciplinary conference, spanning both basic and application-oriented
research in mathematical logic and computer science. It is a forum for the presentation
of research on all aspects of logic and its applications, including automated deduction
and interactive theorem proving, constructive mathematics and type theory, equational
logic and term rewriting, automata and games, game semantics, modal and temporal logic,
logical aspects of computational complexity, finite model theory, computational proof theory,
logic programming and constraints, lambda calculus and combinatory logic, domain theory,
categorical logic and topological semantics, database theory, specification, extraction and
transformation of programs, logical aspects of quantum computing, logical foundations of
programming paradigms, verification and program analysis, linear logic, higher-order logic,
and non-monotonic reasoning.

The conference received 93 abstracts of which 75 were followed up by full-paper submissions.
The programme committee selected 34 papers for presentation at the conference. Each paper
was reviewed by at least three members of the programme committee, with the help of
external reviewers. The submission and reviewing process, programme committee discussion,
and author notifications were all handled by the Easychair conference management system.
In addition to the contributed papers, there were five invited talks, by: Claudia Faggian
(Université Paris Cité, France), Nina Gierasimczuk (Danish Technical University, Denmark),
Dale Miller (Inria Saclay, France), Michal Pilipczuk (University of Warsaw, Poland) and
Davide Sangiorgi (University of Bologna, Italy). We thank the invited speakers for their
stimulating talks and papers, which greatly contributed to the success of the conference.
One of the major regular events at CSL conferences is the presentation of the Ackermann
Award: the annual EACSL award for an outstanding dissertation in the area of logic in
computer science. The recipients of the award are selected by jury from a field of international
nominees, and the recipients receive their award at a ceremony at which they give a prize
lecture on their dissertation. This year, the jury elected to give the Ackermann Award 2022
to Alexander Bentkamp for his thesis “Superposition for Higher-Order Logic” defended at
Vrije Universiteit Amsterdam (The Netherlands) under the supervision of Jasmin Blanchette,
Uwe Waldmann, and Wan Fokkink. The award was presented during the conference. The
citation for the award is included in the proceedings.

A significant event at CSL 2023 was the presentation of the Helena Rasiowa Award,
named after the eminent Polish mathematician and logician Helena Rasiowa (1917 — 1994)
whose work had an essential impact on the emerging field of logic in computer science. The
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Preface

Helena Rasiowa Award, presented for the first time at CSL 2022, is given to the best paper,
as decided by the programme committee, that is written solely by students or to which
students were the main contributors. There was a strong field of candidates for this award
edition, with 10 of the accepted papers eligible. From these, the programme committee
selected Hiromi Tanaka as the recipient of the 2023 Helena Rasiowa Award, for his paper
“Tower-Complete Problems in Contraction-Free Substructural Logics”. Hiromi Tanaka is a
PhD student at the Keio University under the supervision of Tatsuya Kashiwabata.

CSL 2023 also had three affiliated workshops: Fixpoints in Computer Science (FICS),
Logic Mentoring Workshop (LMW), and Schwentickfest.

We are very grateful to all the members of the CSL 2023 programme committee and
external reviewers for their careful and efficient evaluation of the papers submitted. We
would like to thank also the members of the organisation committee Lorenzo Clemente,
Wojciech Czerwinski, Radostaw Piérkowski, from the University of Warsaw, for taking care
to ensure a smooth-running and enjoyable conference. It was as always a pleasure to work
with Thomas Schwentick/Maribel Fernandez who, as the EACSL presidents until 2022/from
2023, provided excellent guidance. The proceedings of CSL 2023 are published as a volume
in the LIPIcs series. We thank Michael Wagner, Michael Didas and all the Dagstuhl/LIPIcs
team for their ongoing support and for the high quality preparation of these proceedings.
Last, but not least, we are very grateful to the University of Warsaw for supporting the
organisation of this conference.

Bartek Klin and Elaine Pimentel 25th November 2022
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The Ackermann Award 2022

By Jean Goubault-Larrecq and Thomas Schwentick
For the Jury of the EACSL Ackermann Award

The 18th Ackermann Award was presented at CSL’23 in Warsaw, Poland. The 2022
Ackermann Award was open to any PhD dissertation on any topic represented at the annual
CSL and LICS conferences that were formally accepted by a degree-granting institution in
fulfilment of the PhD degree between 1 January 2020 and 31 December 2021. The Jury
received eleven nominations for the 2022 Award. The candidates came from a number of
different countries around the world. The institutions at which the nominees obtained their
doctorates represent different countries in Europe, Asia and North America.

Again this year, EACSL Ackermann Award is sponsored by the association Alumni der
Informatik Dortmund e.V.!

The topics covered a wide range of areas in Logic and Computer Science as represen-
ted by the LICS and CSL conferences. All submissions were of a very high quality and
contained significant contributions to their particular fields. The jury wish to extend their
congratulations to all the nominated candidates for their outstanding work.

The wide range of excellent candidates presented the jury with an excruciating task.
After an extensive discussion, the jury decided to award the 2022 Ackermann Award to:
Alexander Bentkamp from Germany for his thesis

Superposition for Higher-Order Logic

approved by Vrije Universiteit Amsterdam in 2021.

Citation

Alexander Bentkamp receives the 2022 Ackermann Award of the European Association of
Computer Science Logic (EACSL) for his thesis

Superposition for Higher-Order Logic.

The thesis is in the domain of automated theorem proving. The mechanization of proofs
is of growing importance in several areas of mathematics and computer science, and is already
of paramount importance in ascertaining the correctness of critical software and hardware.

Mechanizing proofs has different meanings. In proof assistants, human guidance is required.
With automated theorem provers, the computer finds proofs automatically. Already with
first-order logic, this is an undecidable task, although one for which efficient tools exist,
notably those based on so-called superposition procedures. It had been widely believed since
the 1990s that superposition could not be extended much beyond first-order logic, and that
higher-order logic would remain the realm of proof assistants for a long time.

In a series of breakthroughs, A. Bentkamp manages to extend superposition calculi to
higher-order logic. He does this in three steps: by first extending superposition to the
lambda-free fragment, then to the more expressive clausal fragment, and finally to full

! https://www.cs.tu-dortmund.de/nps/en/Alumni/index.html
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higher-order logic. In each case, he obtains sound and complete calculi: all higher-order
theorems can be proved by his calculi, and only them. He also demonstrates that these
calculi are several orders of magnitude more efficient than previous proposals, through his
award-winning, Zipperposition-based implementations.

Background to the thesis

Automated theorem proving is one of the oldest fields of computer science logic. Herbrand
and others laid out the bases of first-order theorem proving as early as 1930, the first
automated first-order provers were created in the 1960s, and the highly efficient superposition
calculi were devised in the 1990s by Bachmair and Ganzinger. Andrews and Huet were
among the pioneers of automated higher-order logic theorem proving in the 1970s and 1980s.
Before A. Bentkamp, the most common higher-order theorem proving procedures relied
on translations to first-order logic, as first hinted by Robinson in 1970, and then following
Kerber, Dougherty, and others, starting from the 1990s. However, the sophisticated recipes
that modern first-order provers rely for efficient theorem proving, notably the use of term
orderings, are essentially nullified by the various translations.

Extending superposition to higher-order calculi presented formidable challenges already
for the so-called lambda-free fragment of higher-order logic, which is essentially first-order
logic augmented with the possibility of applying variables to terms inside terms. For one,
one may need to superpose inside variables, or even below, which seems untenable. One
also requires term orderings that are monotonic and ground-total, as needed in standard
approaches to superposition, and that runs in conflict with the need for variable applications.
In more general fragments of first-order logic, additional difficulties accumulate, and notably
the need to guess the shapes of formulae that should instantiate Boolean variables.

Contributions of the thesis

A. Bentkamp first considers the lambda-free fragment, and, in a first breakthrough, shows
how to extend superposition with term orderings that may fail to be monotonic. He obtains
calculi that are complete, even in the presence of redundancy criteria. The rules are familiar
from superposition, but also surprising in some ways: some of them offer no guidance in some
cases, but these cases appear to much rarer than what one would expect in the empirical
evaluations. The key concept is that of green contexts and green terms: superposition only
occurs at green subterms, and the term orderings have to be compatible with green contexts
(not all contexts) on ground terms. The completeness proofs also have to be adapted to this
new, more permissive setting. This is especially challenging in the presence of redundancy
criteria.

In an ironic twist, A. Bentkamp then shows an alternative route to a complete superposi-
tion calculus for lambda-free higher-logic, by designing a ground-total simplification ordering
for untyped lambda-tree terms.

Next, A. Bentkamp explores a more expressive fragment of higher-order logic, the clausal
fragment. Here the terms may involve lambda-abstractions as well, which incurs additional
difficulties. Crucially, A. Bentkamp shows that one can retain completeness by restricting
superposition inferences to unapplied subterms occurring in the first-order outer skeleton
of clauses. Surprisingly, he decides to use full higher-order unification, even in the case of
so-called flex-flex pairs. It had been widely believed since Huet that one should never try to
solve flex-flex pairs, which incur a form of blind search; but solving them appears to be more
efficient in the end. This requires a form of unification that regularly pauses and gives back
control to the proof search engine.
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Finally, A. Bentkamp goes to full higher-order logic, complete with polymorphism,
extensionality and the axiom of choice in the form of Hilbert’s epsilon symbol. Here, one
cannot convert to clausal form statically. Instead, clausification is also performed during
proof search. On top of that, new rules implement Boolean rewriting, and a clever, so-
called @~-normalization procedure is introduced to deal with quantifiers so as to preserve
completeness while retaining efficiency. The completeness proof proceeds by a generalization
of the techniques used in previous chapters, which involve several intermediate logics and
calculi.

It seems clear that the thesis will have a lasting impact in the field. Beyond the level of
mastery and of novelty that the thesis displays, and also the number of bold and sometimes
surprising decisions that were made, and proved successful in the end, one should stress that
this thesis, despite a high degree of technical sophistication, is a pleasure to read.

Biographical sketch

Alexander Bentkamp carried out his PhD at the Vrije Universiteit Amsterdam under the
supervision of Jasmin Blanchette, Uwe Waldmann, and Wan Fokkink. He won a best junior
researcher paper award at FSCD 2020, a best student paper award at CADE 2021, and the
1st place in the higher-order category of the CADE ATP System Competition (CASC) in
2020, 2021 and 2022. Furthermore, he won the Bill McCune PhD Award for distinguished
PhD theses in Automated Reasoning, and the E.W. Beth Outstanding Dissertation Prize
for outstanding PhD dissertations in Logic, Language, and Information. He is currently
a postdoctoral researcher at the mathematical institute of the Heinrich-Heine-Universitét
Diisseldorf.

Jury

The jury for the Ackermann Award 2022 consisted of ten members, two of them ez officio,
namely, the president and the vice-president of EACSL. In addition, the jury also included a
representative of SIGLOG (the ACM Special Interest Group on Logic and Computation).

The members of the jury were:

Christel Baier (TU Dresden);

Maribel Fernandez (King’s College London);

Delia Kesner (IRIF, U Paris Cité);

Slawomir Lasota (U Warsaw);

Jean Goubault-Larrecq (ENS Paris-Saclay);

Prakash Panangaden (McGill University);

Simona Ronchi Della Rocca (University of Torino), the vice-president of EACSL;
Thomas Schwentick (TU Dortmund), the president of EACSL;
Alexandra Silva (Cornell University), ACM SigLog representative;
James Worrell (U Oxford).

0:xvii

CSL 2023



0:xviii The Ackermann Award 2022

Previous winners

Previous winners of the Ackermann Award were
2005, Oxford:
Mikotaj Bojanczyk from Poland,
Konstantin Korovin from Russia, and
Nathan Segerlind from the USA.
2006, Szeged:
Balder ten Cate from the Netherlands, and
Stefan Milius from Germany.
2007, Lausanne:
Dietmar Berwanger from Germany and Romania,
Stéphane Lengrand from France, and
Ting Zhang from the People’s Republic of China.
2008, Bertinoro:
Krishnendu Chatterjee from India.
2009, Coimbra:
Jakob Nordstréom from Sweden.
2010, Brno:
no award given.
2011, Bergen:
Benjamin Rossman from USA.
2012, Fontainebleau:
Andrew Polonsky from Ukraine, and
Szymon Torunczyk from Poland.
2013, Turin:
Matteo Mio from Italy.
2014, Vienna:
Michael Elberfeld from Germany.
2015, Berlin:
Hugo Férée from France, and
Mickael Randour from Belgium.
2016, Marseille:
Nicolai Kraus from Germany
2017, Stockholm:
Amaury Pouly from France.
2018, Birmingham:
Amina Doumane from France.
2019, Barcelona (conference in 2020):
Antoine Mottet from France.
2020, Ljubljana (conference online in 2021)
Benjamin Kaminski from Germany.
2021, Gottingen (conference online in 2022)
Marie Fortin from France, and
Sandra Kiefer from Germany.
Detailed reports on their work appeared in the CSL proceedings and are also available on
the EACSL homepage.
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