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SC-Square Definition (Slide 1/19)

SC: Satisfiability Checking Community
Interested in algorithms to check satisfiability of logic
problems with variables from a variety of

mathematical domains. Implement solutions in
SAT /SMT solvers.

SC: Symbolic Computation Community
Interested in algorithms to perform algebraic
computations, such as polynomial computations over
real and complex numbers. Implement solutions in
Computer Algebra Systems.

SC2: SC-Square Community
Interested in both SCs abovel
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Separate Histories

Until the last decade the two communities rarely interacted.
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Timeline by E. Abraham Abrah
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Why Interact? (Slide 3/19)

Satisfiability Modulo Theories (SMT) refers to the SAT decision
problem where the atoms need not be Boolean variables but can
instead be predicates over variables from other domains (e.g.
arithmetics, data structures, uninterpreted functions).

The SMT framework for solving such problems separates the
reasoning in the logic (performed by a SAT solver) from the
reasoning in the theory. The theory reasoning is done with
algorithms / software from the domain of interest. In many cases,
that domain is traditionally studied as Symbolic Computation.

In the opposite direction; the integration of SAT solvers into
computer algebra systems can allow more powerful logical
reasoning; and success in SAT/SMT can inspire new algorithmic
approaches in computer algebra.
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EU Project (Slide 4/19)

The EU funded The SC-Square Project from 2016—2018
[Abraham et al., 2016]. The aim was to bridge the gap between
the communities to produce individuals who can combine the
knowledge and techniques of both fields to resolve problems
currently beyond the scope of either.

The project funded new collaborations, new tool integrations,
proposals on extensions to the SMT-LIB language standards, new
collections of benchmarks, two summer schools (in 2017 and 2018)
and the SC-Square Workshop Series.
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EU Project (Slide 4/19)

The EU funded The SC-Square Project from 2016—2018
[Abraham et al., 2016]. The aim was to bridge the gap between
the communities to produce individuals who can combine the
knowledge and techniques of both fields to resolve problems
currently beyond the scope of either.

The project funded new collaborations, new tool integrations,
proposals on extensions to the SMT-LIB language standards, new
collections of benchmarks, two summer schools (in 2017 and 2018)
and the SC-Square Workshop Series.

Although the project finished, the workshop series continues, and
the website and mailing lists remain active. www.sc-square.org

Volume 100 of the Journal of Symbolic Computation was an
SC-Square themed special issue [Davenport et al., 2020].
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SC-Square Workshop Series (Slide 5/19)

2016 Timisoara, Romainia (as part of SYNASC 2016).
2017 Kaiserslautern, Germany (alongside ISSAC 2017).
2018 Oxford, UK (as part of FLoC 2018).

2019 Bern, Switzlerland (as part of SIAM AG19)

2020 Paris, France (online) (alongside IJCAR 2020)
2021 Texas, USA (online) (as part of SIAM AG21)
2022 Haifa, Israel (as part of FLoC 2022)

2023 Tromsg Norway (alongside ISSAC 2023)

Take place as part of / alongside established conferences (alternate
between computational algebra and logic). Each year there are two
chairs, one from each SC.

Now more workshops outside the EU project than inside. Funding
obtained to support workshops in 2022/23.
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Non-linear real arithmetic | (Slide 6/19)

Algorithms for working with systems of non-linear polynomials are
a core topic for symbolic computation but also key for SMT in the
[QF_]NRA logic. This area has seen a lot of work in SC2:

NLSAT Algorithm of Jovanovic and de Moura [2012] re-purposed
the theory of cylindrical algebraic decomposition by
Collins [1975] to use in the MCSAT proof framework
[de Moura and Jovanovi¢, 2013].
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Non-linear real arithmetic | (Slide 6/19)

Algorithms for working with systems of non-linear polynomials are
a core topic for symbolic computation but also key for SMT in the
[QF_]NRA logic. This area has seen a lot of work in SC2:

NLSAT Algorithm of Jovanovic and de Moura [2012] re-purposed
the theory of cylindrical algebraic decomposition by
Collins [1975] to use in the MCSAT proof framework
[de Moura and Jovanovi¢, 2013].

The SMT-RAT Toolbox has implementations of a variety of
computer algebra tools for use in SMT [Kremer and
Abraham, 2018].

The algorithms must be adapted for the purpose (incremental by

constraint and produce conflicting cores). E.g. Cylindrical

Algebraic Decomposition [Kremer and Abrahdm, 2020], Groebner

Bases [Junges et al., 2013].
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Non-linear real arithmetic Il (Slide 7/19)

Conflict Driven Cylindrical Algebraic Coverings of Abraham et al.
[2021] repurpose CAD technology like NLSAT.

Like NLSAT they produce coverings instead of a decomposition
but unlike NLSAT this is a single algebraic procedure which may
be used in a DPLL(T) framework.
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Non-linear real arithmetic Il (Slide 7/19)

Conflict Driven Cylindrical Algebraic Coverings of Abraham et al.
[2021] repurpose CAD technology like NLSAT.

Like NLSAT they produce coverings instead of a decomposition
but unlike NLSAT this is a single algebraic procedure which may
be used in a DPLL(T) framework.

The NuCAD algorithm of Brown [2015] is also inspired by NLSAT
to construct one cell by cell using local information.

Can be used also for Quantifier Elimination [Brown, 2017].
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Non-linear real arithmetic Il (Slide 7/19)

Conflict Driven Cylindrical Algebraic Coverings of Abraham et al.
[2021] repurpose CAD technology like NLSAT.

Like NLSAT they produce coverings instead of a decomposition
but unlike NLSAT this is a single algebraic procedure which may
be used in a DPLL(T) framework.

The NuCAD algorithm of Brown [2015] is also inspired by NLSAT
to construct one cell by cell using local information.

Can be used also for Quantifier Elimination [Brown, 2017].

Redlog+VeriT combination of computer algebra with heuristics
based on interval constraint propagation and
subtropical satisfiability [Fontaine et al., 2018].

Incremental Linearlization of techniques Cimatti et al. [2018].
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Other SC-Square Successes | (Slide 8/19)

Maple can now read to and from SMT-LIB [Forrest, 2017]
and ships with the both the Z3 and MapleSAT.

CoCoALib C++ Library that underpins CoCoA [Abbott and
Bigatti, 2014] used by SMT-RAT.
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Other SC-Square Successes | (Slide 8/19)

Maple can now read to and from SMT-LIB [Forrest, 2017]
and ships with the both the Z3 and MapleSAT.

CoCoALib C++ Library that underpins CoCoA [Abbott and
Bigatti, 2014] used by SMT-RAT.

MathCheck has made significant progress on a variety of
combinatorics problems from a combination of
SAT-solvers and computer algebra, enumerating new
cases and verifying conjectures. E.g. Williamson
Matrices [Bright et al., 2020]; Golay Pairs [Bright
et al., 2018]; Good Matrices [Bright et al., 2019].
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Other SC-Square Successes |l (Slide 9/19)

Boolean SAT has also benefited from symbolic computation via
Boolean Groebner Bases and parallel computation on
both the conjunctive and algebraic normal forms of a
problem [Horacek and Kreuzer, 2020].

Circuit Verification Algebraic techniques key for circuit verification
[Kaufmann, 2021], and in combination with
SAT-solvers [Kaufmann et al., 2019].

M. England Dagstuhl Seminar 22072 Introduction



SC-Square Past Successes SC-Square Definition
Dagstuhl 22072 Past Successes

Other SC-Square Successes |l (Slide 9/19)

Boolean SAT has also benefited from symbolic computation via
Boolean Groebner Bases and parallel computation on
both the conjunctive and algebraic normal forms of a
problem [Horacek and Kreuzer, 2020].

Circuit Verification Algebraic techniques key for circuit verification
[Kaufmann, 2021], and in combination with
SAT-solvers [Kaufmann et al., 2019].

Proofs work on natural style proofs [Jebelean, 2018],
[Abraham et al., 2020].

New Applications in Economics [Mulligan et al., 2018], Dynamic
Geometry [Vajda and Kovécs, 2020], knot theory
[Lisitsa and Vernitski, 2017, Meesum and
Prathamesh, 2018].
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Motivation for new Dagstuhl Seminar (Slide 10/19)

Motivation: Build on the past success of SC-Square and expand
the community of people working on it.

Unlike the workshop series, where existing work is presented, the
Dagstuhl Seminar should allow a space to identify new problems
and forge new collaborations,

Originally scheduled for November 2020. Grateful we are now able
to meet in a hybrid format with some people on site in Schloss
Dagstuhl!
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Research Questions 1/2 (Slide 11/19)

Seminar call defined its scope with these research questions.

Decision Procedures: How to efficiently leverage CAS for SMT
over hard arithmetical theories? How to exploit conflict-driven
learning and non-chronological backtracking in symbolic
computation algorithms? How can CAS and SMT be combined to
reason about bit-precise machine (i.e. floating point) arithmetic?

Abstraction and Linearization: How can abstraction techniques
commonly adopted in SMT be exploited in symbolic computation?
How to leverage techniques in CASs for iterative abstraction
refinement in SMT?

Optimization: Can SMT and symbolic computation be combined
for successfully attacking non-linear optimization problems? Can
new optimization techniques be leveraged for heuristic choices in
solvers?
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Research Questions 2/2 (Slide 12/19)

Machine Learning: What are the common challenges and
opportunities on the use of Machine Learning (ML) for heuristic
choices in algorithms? How best to define problem features for
classic ML? How best to encode formulae for deep ML? How to
develop good datasets for ML?

Tool development: How to share data structures, low-level
libraries, input formats and interaction pipelines for more effective
development of robust, mature and interoperable symbolic
reasoning tools?

Application Problem Encoding: How best encode high-level
application problems to be more amenable to symbolic reasoning?
How to provide more expressive problem definition languages which
can still be handled efficiently? How to automate problem
encoding?
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Arrangements (Slide 13/19)

There are 8 sessions from Monday AM to Friday AM.

No session on Wed PM (excursion for on-site participants).
AM sessions are 9—12 and PM sessions 2—5 (CET = UTC+1)
Each session contains no more than 2 hours of planned talks
to allow plenty of time for discussion.

Talks max 30min; except for our tutorials:

o Ahmed Irfan on Incremental Linearization
o Gereon Kremer and Haniel Barbosa on UNSAT Proof in SMT
o Curtis Bright on SC-Square for Combinatorics Problems

(]
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Schedule Planning (Slide 14/19)

@ All those who requested to talk have a slot. Those who said
Maybe have been allocated a slot should they want to use it.

@ There is room for impromptu talks if people want!

@ Request: Please ensure that your talks highlight the
remaining challenges and opportunities for future progress on
your topic, as well as your past work on it!
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Schedule 1/3

(Slide 15/19)

Monday AM: Linearization
@ Welcome and Introductory Round
@ Tutorial by Ahmed Irfan
@ Talk by Konstantin Korovin

Monday PM: Proof 4+ Optimization
@ Talk by Haniel Barbosa
@ Tutorial by Gereon Kremer
o Talk by Madelina Erascu

Tuesday AM: New Logic Tools
o Talk by Tudor Jebelean
@ Talk by Martin Brain
@ Talk by Pascal Fontaine and Baptiste Vergain
o Talk by Juergen Gerhard
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Schedule 2/3

(Slide 16/19)

Tuesday PM: NRA Potentials and Challenges
@ Talk by Changbo Chen
@ Talk by Alessandro Cimatti
@ Talk by AmirHoeesin Sadeghi Manesh
e Talk by James Davenport

Wednesday AM: Verification and SMT
@ Talk by Stefan Ratschan
e Talk by Sergio Mover
@ Talk by Daniela Kaufman
@ Talk by Enrico Lipparini

Wednesday PM: Excursion for on-site participants
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Schedule 3/3

(Slide 17/19)

Thursday AM: Quantifiers and NRA Methods
e Talk by Chenqui Mou
o Talk by Jasper Nalbach
@ Talk by Chris Brown
e Talk by Martina Seidl

Thursday PM: Combinatorics
@ Tutorial by Curtis Bright
e Talk by llias Kotsireas
@ Talk by Bruno Dutertre

Friday AM: Al and SC-Square Future
@ Talk by Manuel Kauers
o Talk by Matthew England and Tereso del Rio
@ Discussion on future of SC-Square
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Recordings (Slide 18/19)

We have the option to record sessions/talks. Suggestion:

@ We plan to record talks for the benefit of remote participants
in different timezones.

@ Speakers who do not wish to be recorded can opt-out by
informing one of the organisers.

@ We do not plan to record the informal discussions that follow
afterwards

@ Recordings exist only for one month.
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