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Preface

This volume contains the papers presented at SAT 2007: 10th International
Conference on Theory and Applications of Satisfiability Testing.

The International Conferences on Theory and Applications of Satisfiability
Testing (SAT) originated in 1996 as a series of workshops “on Satisfiability.”
By the third meeting in 2000, the workshop had attracted a mix of theorists
and experimentalists whose common interest was the enhancement of our basic
understanding of the theoretical underpinnings of the Satisfiability problem as
well as the development of scalable algorithms for its solution in a wide range
of application domains. In 2002 a competition of SAT solvers was inaugurated
to spur further algorithmic and implementation developments, and to create
an eclectic collection of benchmarks. The competition—expanded in subsequent
years to include pseudo Boolean, QBF, and MAX-SAT solvers—has become an
integral part of these meetings, adding an element of excitement and anticipation.
The interplay between theory and application, as well as the increased interest in
Satisfiability from a wider community of researchers, led to the natural evolution
of these initial workshops into the current conference format. The annual SAT
conference is now universally recognized as “the venue” for publishing the latest
advances in SAT research.

This year marks the tenth SAT meeting. SAT is now interpreted in a broad
sense to include not just propositional satisfiability, but also pseudo-Boolean
constraint solving and optimization (PB), quantified Boolean formulae (QBF),
constraint programming techniques (CP) for word-level problems and their
propositional encoding, and satisfiability modulo theories (SMT). Submissions
were solicited for original research on proof systems and proof complexity, search
algorithms and heuristics, analysis of algorithms, hard instances, randomized for-
mulae, problem encodings, industrial applications, solvers, simplifiers and tools,
case studies and empirical results. A total of 74 submissions were received and
rigorously reviewed by a 35-member international Technical Program Committee
(TPC), with each paper receiving at least four independent reviews. Of these
submissions, the TPC decided to accept 22 as regular papers (14 pages, 25-
minute presentation) and 12 as short papers (6 pages, 12-minute presentation).
The accepted papers were organized into nine sessions and their full text is
included in these proceedings.

The conference program also featured two invited presentations. The first,
by Martin Davis, chronicled the original development of the “DPLL” algorithm
and proposed an unorthodox take on the P=NP problem. The second, by Andrei
Voronkov, addressed new encodings that enable succinct representations of cer-
tain combinatorial problems in the Bernays — Schonfinkel fragment of first-order
logic.



VI Preface

A number of additional events were associated with the SAT conference,
including the SAT competition, the QBF evaluation, the PB evaluation, the
MAX-SAT evaluation, and a special session on trends in modern SAT solvers.

We would like to acknowledge several people for their help: the SAT Lo-
cal Chair, Ines Lynce; the organizers of the SAT competition, Daniel Le Berre,
Laurent Simon, Ewald Speckenmeyer, Geoff Sutcliffe and Lintao Zhang; the or-
ganizers of the QBF evaluation, Massimo Narizzano, Luca Pulina and Armando
Tacchella; the organizers of the PB evaluation, Vasco Manquinho and Olivier
Roussel; and finally the organizers of the Max-SAT evaluation, Josep Argelich,
Chu-Min Li, Felip Manya and Jordi Planes. Last, but not least, we thank the
Program Committee and the additional external reviewers for their careful and
thorough work, without which it would not have been possible for us to put
together such a high-quality conference program.

We also thank Andrei Voronkov for the EasyChair system. EasyChair was in-
strumental in handling of paper submissions, paper reviewing, paper discussion,
and assembly of the proceedings. Finally, we would like to thank the follow-
ing sponsors for their generous support of SAT 2007: Cadence Design Systems,
Cornell’s Intelligent Information Systems Institute, Intel Corporation, Luso-
American Foundation, Magma Design Automation, Microsoft Corporation, NEC
Laboratories, and Synopsys Inc. A number of other institutions provided critical
logistical support for managing the organization of the conference: INESC-ID,
Instituto Superior Técnico, the University of Michigan, and the University of
Southampton.

May 2007 Joao Marques-Silva
Karem Sakallah
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SAT: Past and Future

Martin Davis

Part 1. Davis-Putnam: An Accidental Algorithm

During the summer of 1957, Hilary Putnam and I, both junior faculty, were attending
an unprecedented month-long “institute” devoted to logic at Cornell University along
with 82 other logicians. Our families were sharing a house and the two of us were to-
gether every day working together and separately on a number of things, but not on the
satisfiability problem. After we had made some progress towards a negative solution of
Hilbert’s 10th Problem (H10: the question of the existence of an algorithm for deter-
mining whether a given polynomial equation has an integer solution), we were eager
to continue collaborating. Our idea was to seek funding through my institution which
was a branch of Rensselaer Polytechnic in Eastern Connecticut so Hilary and his family
could escape steamy summers in Princeton for the attractive lakeside accommodations
available in my locale. Not believing that anyone would pay us to work on H10, con-
sidered a super long shot, we patched together a proposal to investigate procedures for
theorem-proving in first-order logic. Because it was too late for the usual funding agen-
cies, following a tip we submitted our proposal to the National Security Agency. They
funded it on condition that our report not mention them, and that we forget about first-
order logic, and just concentrate on satisfiability. Our report, which was submitted at the
end of the summer of 1958, contained all the procedures that were eventually combined
in the algorithms later designated as DP and DPLL. During the summer of 1959, we
were supported by the US Air Force Office of Scientific Research. We worked very hard
on H10 and made some significant progress. But because our proposal had emphasized
theorem-proving procedures, we hastily concocted one using some of the work from the
previous summer, and submitted it to the JACM. That was the origin of Davis-Putnam.
After I moved to New York, I wanted to see our procedure implemented, and NYU
put two very talented student programmers at my disposal for the purpose: Donald
Loveland (who later became one of my first doctoral students) and George Logemann.
The crude search we implemented led to satisfiability questions involving thousands of
clauses and the original DP swamped the memory of the IBM 704. So we replaced the
“rule for eliminating propositional variables” (i.e. ground binary resolution) with the
splitting rule giving the algorithm a “divide and conquer” form with instances waiting
to be processed swapped out onto a tape. This was the DPLL algorithm.

Part I1. SAT &€ P?

Although everyone seems to believe that P # N P, the evidence is scant and somewhat
circular. There is the fact that the problems for which good feasible worst-case algo-
rithms are known, are solvable in poly-time. But in practice, “poly-time” really means
O(nlogn) or maybe O(n?) and with a manageable multiplicative constant. No-one
would regard an algorithm that runs in time 10°""n2 or O(n'%%) as “feasible”. But
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it is only the identification of poly-time computability with feasibility, in analogy with
the identification of Turing computability with effective computability, that makes the
existence of so many NP-complete problems seem to be evidence for P # N P. If there
are horrendous poly-time algorithms for these NP-complete problems, how might we
come to know it? Is anyone seeking such algorithms? Theorists have built their poly-
time hierarchy in stages mimicking the arithmetic hierarchy of the logicians with P at
the bottom and P-SPACE at the top. But they have been unable to prove a single sep-
aration theorem between the levels. For all we know, the entire edifice could collapse
with P = P-SPACE. Computer science is a very young subject. Mathematicians know
from hard experience that problems easy to state can take hundreds of years to resolve.
But theorists blithely conclude from an implication A = P = N P that the proposition
A must be false. The case of linear programming provides a good example which can
well resonate with experts on SAT. The very useful simplex method runs in exponential
time in the worst case. It was thought for years that there is no poly-time algorithm for
linear programming. Experts were astounded when it turned out that in fact poly-time
algorithms for linear programming do exist. However, ironically enough in practice the
old reliable exponential-time simplex method does better than these poly-time time al-
gorithms. So what do we know about the question: Is SAT € P? Almost nothing! It
could go either way. But if it should turn out that the answer is “Yes”, that would of
course imply that P = N P, and so would entitle the person who succeeded in proving
it to receive the million dollar prize the Clay Institute of Mathematics is offering. If 1
were 60 years younger, I'd be tempted to try!
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Solving various combinatorial problems by their translation to the propositional satis-
fiability problem has become commonly accepted. By optimising such translations and
using efficient SAT solvers one can often solve hard problems in various domains, such
as formal verification and planning.

This approach to solving combinatorial problems is usually implemented by a trans-
lation procedure turning a formal description of the problem written in a domain-
specific language L (for example, SMV for model checking problems [3] or STRIPS
[2] for planning problems) into a SAT problem. Such translation procedures share the
following common features:

1. They contain many isomorphic or nearly isomorphic subsets of clauses obtained by
the translation of the same expression of L.
2. The size of the resulting SAT problem is dominated by these copies.

In this talk the second author will present encodings able to specify some combi-
natorial problems, namely LTL bounded model checking [1] and planning within the
Bernays-Schonfinkel fragment of first-order logic. This fragment, which also corre-
sponds to the category of effectively propositional problems (EPR) of the CASC sys-
tem competitions [4], allows a natural and succinct representation of both the transition
systems corresponding to the problems and the property that one wants to verify, while
avoiding the problem of creating isomorphic copies.

Our technique provides a rich collection of benchmarks with close links to real-life
applications for the automated reasoning community and may boost development of
new translation techniques and solvers for effectively propositional problems.

References

[1] A. Biere, A. Cimatti, E.M. Clarke, and Y. Zhu. Symbolic model checking without BDDs.
In R. Cleaveland, editor, Tools and Algorithms for the Construction and Analysis of Systems
(TACAS’99), volume 1579 of Lecture Notes in Computer Science, pages 193-207, 1999.

[2] R. Fikes and N.J. Nilsson. A new approach to the application of theorem proving to problem
solving. Artificial Intelligence, 2(3/4):189-208, 1971.

[3]1 K.L. McMillan. Symbolic Model Checking. Kluwer, 1993.

[4] G. Sutcliffe and C.B. Suttner. The state of CASC. Al Communications, 19(1):35-48, 2006.

J. Marques-Silva and K.A. Sakallah (Eds.): SAT 2007, LNCS 4501, p. 3, 2007.
(© Springer-Verlag Berlin Heidelberg 2007



