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Satisfiability (SAT) related veplcs have atcracred researchers from varieus disciplines. Leglc, FErontiers in Artificial Intelligence and Applications

appled areas such as planning, scheduling, operations research and combinatonal cpomization,

bt also theoredcal Bsues en the theme of complexicg, and much mere, they all are connecoed
HANDBOOK

My personal interest in 5AT sterms from acoual selving: The increase in power of modern SAT
salvers aver the past | 5 years has been phenomenal |t hes became the key erabling technology
in auremaced verification of beth compurer bardware and sofoware, Bounded Model Checking - -
(BMC) of computer hardware is now probably the mest widely used model checking technigue. f = f‘ b‘ I' f t f' b I t
The counterexarnples that it finds are just satisfying instances of a Boolean formula obtained by D Sa.tls Ia I Ity . . . Sa I S I a. I I y
unwinding to some fixed depth a sequential circuit and its specification in Enear temporal logic.

Extending model checking to software verification is 2 much more difficult problem on the frontier .
of current research. One promising approach for Binguages like © with finite word-length integers

is to use the same idea as in BMC but with a decision procedurs for the theory of bit-vectors .
instead of SAT. All decision procedures for bit-vectors that | am famillar with uitimately make uses

of a fast SAT solver to handle complex formalas. . .
Diecision procedures for more complicated theories, like linear real and moeger arichmetic, are Edimrs:
also used in program werification, Most of them use powerful 54T solvers in an essential way

Armin Biere

Clearly, efficient SAT sobving & a key technology for 215t century computer science. | expect -
this callection of papers on #ll theorenical and pracrical aspects of SAT soldng will be exrernaly Marijn Heule
useful ta bach studancs and researchars and will lead o many furthar advances i the fleld Hans van Maaren

Edmund Clarke Toby Walsh

Edmund M. Clovke, FORE Systems University Professor of Computer Science and Professor of Electrical
ond Computer Engireering at Cornegie Mellon University, 2 one af the initiators and main contributors
to the fhedd of Model Checking, for wivich e afse recelved the 2007 ACH Turing Awovd,

n the late $0% Professor Clarke was one of the first researchers to reolize thar SAT solving fas the
potential to become one of the most important technologies in mode checking.
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PREFACE

Special thanks are due to Armin Biere. Randy Bryvant, Sam Buss, Niklas Eén,
lan Gent, Marijn Heule, Holger Hoos, Svante Janson, Peter Jeavons, Daniel
Kroening, Oliver Kullmann, Massimo Lauria, Wes Pegden, Will Shortz, Carsten
Sinz, Niklas Sorensson. Udo Wermuth, Ryvan Williams. and . .. for their detailed
comments on my early attempts at exposition, as well as to numerous other cor
respondents who have contributed crucial corrections. Thanks also to Stanford’s
Information Systems Laboratory for providing extra computer power when my
laptop machine was inadequate.

Wow  Section 7.2.2.2 has turned out to be the longest section, by far, in
The Art of Computer Programming. The SAT problem is evidently a “killer
app.” because it is key to the solution of so many other problems. Consequently
I can only hope that my lengthy treatment does not also kill off my faithful
readers!  As | wrote this material. one topic alwayvs seemed to flow naturally
into another, so there was no neat way to break this section up into separate
subsections. (And anyway the format of TAOCP doesn’t allow for a Section
7.2.2.2.1.)

I've tried to ameliorate the reader’s navigation problem by adding subhead
ings at the top of each right-hand page. Furthermore, as in other sections,
the exercises appear in an order that roughly parallels the order in which corre

sponding topics are taken up in the text. Numerous cross-references are provided
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SAT Handbook 2"d Edition (2021)

with many updated chapters and the following 7 new chapters:

Proof Complexity Jakob Nordstrom and Sam Buss

Preprocessing Armin Biere, Matti Jarvisalo and Benjamin Kiesl|

Tuning and Configuration

Holger Hoos, Frank Hutter and Kevin Leyton-Brown

Proofs of Unsatisfiability = Marijn Heule

Core-Based MaxSAT
Fahiem Bacchus, Matti Jarvisalo and Ruben Martins

Proof Systems for Quantified Boolean Formulas
Olaf Beyersdorff, Mikolas Janota, Florian Lonsing and Martina Seidl

SAT solving is a key technology for
218t entury computer science.

Edmund Clarke
2007 ACM Turing Award Recipient

The SAT problem is evidently a killer
app, because it is key to the solution
of so many other problems.

Donald Knuth
1974 ACM Turing Award Recipient

The SAT problem is at the core
of arguably the most fundamental
question in computer science:
What makes a problem hard?

Stephen Cook
1982 ACM Turing Award Recipient

Approximate Model Counting  Supratik Chakraborty, Kuldeep S. Meel, and Moshe Y. Vardi
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Handbook of Satisfiability

Second Edition

Editors: A. Biere, M. Heule, H. van Maaren, T. Walsh
Volume 336 of Frontiers in Artificial Intelligence and Applications

Propositional logic has been recognized throughout the centuries as one of the
cornerstones of reasoning in philosophy and mathematics. Over time, its
formalization into Boolean algebra was accompanied by the recognition that a wide
range of combinatorial problems can be expressed as propositional satisfiability (SAT)
problems. Because of this dual role, SAT developed into a mature, multi-faceted
scientific discipline, and from the earliest days of computing a search was underway to
discover how to solve SAT problems in an automated fashion.

This book, the Handbook of Satisfiability, is the second, updated and revised edition of
the book first published in 2009 under the same name. The handbook aims to capture
the full breadth and depth of SAT and to bring together significant progress and
advances in automated solving. Topics covered span practical and theoretical research
on SAT and its applications and include search algorithms, heuristics, analysis of
algorithms, hard instances, randomized formulae, problem encodings, industrial
applications, solvers, simplifiers, tools, case studies and empirical results. SAT is
interpreted in a broad sense, so as well as propositional satisfiability, there are
chapters covering the domain of quantified Boolean formulae (QBF), constraints
programming techniques (CSP) for word-level problems and their propositional
encoding, and satisfiability modulo theories (SMT). An extensive bibliography
completes each chapter.

This second edition of the handbook will be of interest to researchers, graduate
students, final-year undergraduates, and practitioners using or contributing to SAT,
and will provide both an inspiration and a rich resource for their work.

Edmund Clarke, 2007 ACM Turing Award Recipient: "SAT solving is a key technology for 21st
century computer science."

Donald Knuth, 1974 ACM Turing Award Recipient: "SAT is evidently a killer app, because it is key
to the solution of so many other problems."

Stephen Cook, 1982 ACM Turing Award Recipient: "The SAT problem is at the core of arguably
the most fundamental question in computer science: What makes a problem hard?"

Visit our website www.iospress.com for online ordering ~ 10S Press, Inc.
For ebooks, go to www.ebooks.iospress.com 6751 Tepper Drive
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Tel.: +1 703 830 6300

Email: sales@iospress.com
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Eventually | will need to support 64-bit variable indices
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2728 as compromise though it could easily do halfa

billion)
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250 | _ clauses. The planning track had even larger ones. See
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solver? | believe that CaDiCaL has a much higher limit
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% This week, we will have again many

i R great talks about SAT at
@Simonslinstitute: | am especially
looking forward the one of @ArminBiere
titled « A Personal History of Practical
SAT Solving » simons.berkeley.edu/
talks/tbd-308
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% Did you know that @ArminBiere

i R* Dparticipated to every SAT competitive
event since 2002? And won in a fair
amount of tracks? See all his solvers
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| remember the solvers

Limmat, Compsat, NanoSAT,
PicoSAT, PrecoSAT, Lingeling,
Splatz, CaDiCal, Kissat plus

« educational » solvers Cleaneling
and Satch. Would love to see a
cactus plot with all those solvers
on Thursdav @mArminBiere )

Adam P. Goucher
(@apgox

Discovered the first oblique
glider rake in @conwaylife
(based on a partial discovered
by @inspirehep23) by running
ikpx2 for 35000 core-hours on
the under-utilised CPUs of a
@LeaderGPU machine.

This wouldn't have been possible
without @ArminBiere's SAT
solvers (cadical/kissat).
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« 50 Years of Satisfiability- The Cenfrality of SAT in the Theory of Computing « Workshops & Symposia « Programs & Events « Home
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Workshops & Symposia ., | APersonal History of Practical SAT Solving

Symposia I ~1 # Event: 50 Years of Satisfiability: The Centrality of SAT in the Theory of Computing
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Symposia

Research Pods
Speaker: Armin Biere (Johannes Kepler University)

Internal Program Activities

Public Lectures My tutorial and invited talks on SAT solving usually end with a slide showing a timeline of what | consider important

Participate milestones in the history of practical SAT solving. As a consequence there is usually not much time left to discuss this
history. On this occasion, an invited talk at the workshop on 50 years of satisfiability, there seems to be no better fit for
a topic, to turn this around and start by going through those perceived important contributions, from early work in the
fifties, over the SAT revolution we are witnessing today, to future challenges. The talk will be structured slightly
differently than usual and will be open to frequent interaction with the audience.
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Talks Armin Biere

List of some recent public talks.

Talks 2021

A Personal History of Practical SAT Solving

Workshop 50 Years of Satisfiability: The Centrality of SAT in the Theory of
Computing

Program Satisfiability: Theory, Practice, and Beyond

Simons Institute for the Theory of Computing

Cyberspace, May 13, 2021

[ video ]

Tutorial

SAT-Solving

Satisfiability: Theory, Practice, and Beyond Boot Camp
Program Satisfiability: Theory, Practice, and Beyond
Simons Institute for the Theory of Computing
Cyberspace, February 2, 2021

[ pre-recorded intro on YouTube (4h22) | local copy of pre-recorded video (4h22) |

live recording on YouTube (2h02) | code ]
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