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Preface

This volume contains the papers presented at the 18th International Conference
on Rewriting Techniques and Applications (RTA 2007), which was held during
June 26-28, 2007, on the campus of the Conservatoire National des Arts et
Métiers (CNAM) in Paris, France.

RTA is the major forum for the presentation of research on all aspects of rewrit-
ing. Previous RTA conferences were held in Dijon (1985), Bordeaux (1987), Chapel
Hill (1989), Como (1991), Montreal (1993), Kaiserslautern (1995), Rutgers (1996 ),
Sitges (1997), Tsukuba (1998), Trento (1999), Norwich (2000), Utrecht (2001),
Copenhagen (2002), Valencia (2003), Aachen (2004), Nara (2005), and Seattle
(2006).

For RTA 2007, 24 regular papers and 3 system descriptions were accepted
for publication out of 69 submissions. Each submission was reviewed by at least
three expert reviewers, and an electronic Program Committee (PC) meeting was
held on the Internet, using Andrei Voronkov’s FasyChair system. The reviews
were written by the 14 PC members and 131 additional reviewers, who are listed
in these proceedings. I would like to thank the PC members and the additional
reviewers for doing such a great job in writing high-quality reviews in time and
participating in the electronic PC discussion.

The RTA programme also included three invited talks, by Xavier Leroy (For-
mal Verification of an Optimizing Compiler), Robert Nieuwenhuis (Challenges in
Satisfiability Modulo Theories), and Frank Pfenning (On a Logical Foundation
for Explicit Substitutions). The talk by Frank Pfenning was a joint invited talk
of RTA and the collocated Eighth International Conference on Typed Lambda
Calculi and Applications (TLCA 2007).

The RTA PC decided to award a prize of 1,000 euro for the best paper to the
article “On Linear Combinations of A-Terms” by Lionel Vaux. Moreover, several
travel grants could be given to students.

RTA 2007 was held as part of the Federated Conference on Rewriting, De-
duction, and Programming (RDP), together with the following events:

— The Eighth International Conference on Typed Lambda Calculi and Appli-
cations (TLCA 2007)

— The colloquium From Type Theory to Morphologic Complexity in honor of
Giuseppe Longo

— The workshop on Higher Order Rewriting (HOR)

— The workshop on Proof Assistants and Types in Education (PATE)

— The workshop on Rule-Based Programming (RULE)

— The workshop on Security and Rewriting Techniques (SecReT)

— The workshop on Unification (UNIF)



VI Preface

— The workshop on Functional and (Constraint) Logic Programmming (WFLP)
— The workshop on Reduction Strategies in Rewriting and Programming (WRS)
— The workshop on Termination (WST)

Many people helped to make RTA 2007 a success. In particular, I would like
to thank the Conference Chairs, Ralf Treinen and Xavier Urbain, as well as the
rest of the local organization team, and the sponsors of RDP 2007:

— The Conservatoire des Arts et Métiers (CNAM)

— The Centre National de la Recherche Scientifique (CNRS)

— The Ecole Nationale Supérieure d’ Informatique pour 'Industrie et I'Entreprise
(ENSIEE)

— The GDR Informatique Mathematique

— The Institut National de Recherche en Informatique et Automatique
(INRIA) unit Futurs

— The Région Ile de France

Barbara Morawska and the FasyChair system helped to produce the camera-
ready copy of these proceedings.

April 2007 Franz Baader
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Formal Verification of an Optimizing Compiler

Xavier Leroy

INRIA Rocquencourt
Domaine de Voluceau, B.P. 105, 78153 Le Chesnay, France
Xavier.Leroy@inria.fr

Programmers naturally expect that compilers and other code generation tools
produce executable code that behaves as prescribed by source programs. How-
ever, compilers are complex programs that perform many subtle transformations.
Bugs in compilers do happen and can lead to silently producing incorrect exe-
cutable code from a correct source program. This is a significant concern in the
context of high-assurance software that has been verified (at the source level)
using formal methods (static analysis, model checking, program proof, etc): any
bug in the compiler can potentially invalidate the guarantees so painfully estab-
lished by the use of formal methods.

There are several ways to generate confidence in the compilation process,
including translation validation and proof-carrying code. This talk focuses on
applying program proof technology to the compiler itself, in order to prove a
semantic preservation theorem for every pass of the compiler. We present pre-
liminary results from the Compcert experiment: the development and proof of
correctness of a moderately-optimizing compiler for a large subset of the C lan-
guage. The proof of correctness is mechanized using the Coq proof assistant.
Moreover, most of the compiler itself is written directly in the functional subset
of the Coq specification language, from which executable Caml code is automat-
ically extracted.

The preliminary results are encouraging and suggest two directions for long-
term research. One is the formal verification of other tools (code generators,
static analyzers, provers, ...) involved in the production and certification of
high-assurance software. The other is the systematic use of proof assistants to
mechanize programming language semantics, type systems, program transfor-
mations and related formal systems.
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Challenges in Satisfiability Modulo Theories
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Abstract. Here we give a short overview of the DPLL(T') approach to
Satisfiability Modulo Theories (SMT), which is at the basis of current
state-of-the-art SMT systems. After that, we provide a documented list
of theoretical and practical current challenges related to SMT, including
some new ideas to exploit SAT techniques in Constraint Programming.

1 Introduction

Propositional satisfiability checkers (SAT solvers) are currently being applied in
more and more contexts, including hardware and software verification, in Op-
erations Research (planning, scheduling), as well as in Biology, Linguistics and
Medicine. Most SAT solvers are based on the Davis-Putnam-Logemann-Loveland
(DPLL) procedure [DP60, DLL62]. The performance of DPLL-based SAT solvers
has improved spectacularly in the last years, due to better implementation tech-
niques and conceptual enhancements such as backjumping, conflict-driven lemma
learning and restarts [MSS99, MMZ101, ES03]. However, some practical prob-
lems are more naturally expressed in logics that are more expressive than propo-
sitional logic.

For example, for timed automata, a good choice is difference logic, where
formulas contain atoms of the form a —b < k, which are interpreted with respect
to a background theory T of the integers, rationals or reals. Similarly, for the
verification of pipelined microprocessors it is convenient to consider a logic of
Equality with Uninterpreted Functions (EUF), where the background theory T
specifies a congruence [BD94]. To mention just one other example, the conditions
arising from program verification usually involve arrays, lists and other data
structures, so it becomes very natural to consider satisfiability problems modulo
the theory 7" of these data structures. In such applications, problems may contain
thousands of clauses like

p V —q V a=f(b—c) V read(s, f(b—c))=d V a—g(c) <7

containing purely propositional atoms as well as atoms over (combined) theories.
This is known as the Satisfiability Modulo Theories (SMT) problem for a theory
T': given a formula F, determine whether F' is T-satisfiable, i.e., whether there
exists a model of T that is also a model of F'
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SMT has become an extremely active area of research. A rapidly growing
library of benchmarks for SMT with a formal syntax and semantics exists [RT03],
as well as a yearly SMT competition (both SMT-LIB and SMT-COMP are easily
found on the web).

The DPLL(T') approach to SMT is based on a general DPLL(X) engine, whose
parameter X can be instantiated with specialized solvers Solver,, for given theo-
ries T', thus producing a system DPLL(T"). Once the DPLL(X) engine has been
implemented, new theories can be dealt with by simply plugging in new theory
solvers. These solvers must only be able to deal with conjunctions of theory
literals and conform to a minimal and simple set of additional requirements.

In Sections 2, 3 and 4 of this paper, by means of a rewrite-rule-based frame-
work called Abstract DPLL we first give a brief overview of DPLL, SMT, and
the DPLL(T') approach to SMT (we refer to [NOTO06] for all details and refer-
ences). In Section 5 we describe a number of theoretical and practical challenges
in SMT. Extensions for handling new theories and applications, including op-
timization and constraint programming are discussed, as well as for first-order
theorem proving. Other challenges involve the design of efficient data structures
and algorithms for implementing certain key parts of SMT solvers. All of them
are closely related to the area of rewriting.

2 The DPLL Procedure

Let P be a fixed finite set of propositional symbols. If p € P, then p and —p
are literals of P. The negation of a literal [, written —I, denotes —p if [ is p, and
p if 1 is =p. A clause is a disjunction of literals I3 V ...V [,. A unit clause is
a clause consisting of a single literal. A (finite, non-empty, CNF) formula is a
conjunction of one or more clauses Ci A...AC,. When it leads to no ambiguities,
we sometimes also write such a formula in set notation {Ci,...,C,} or simply
replace A connectives by commas.

A (partial truth) assignment M is a set of literals such that {p, —p} C M for
no p. A literal l is true in M if I € M, it is false in M if =l € M, and [ is undefined
in M otherwise. M is total over P if no literal of P is undefined in M. A clause
C is true in M if at least one of its literals is true in M. It is false in M if all its
literals are false in M, and it is undefined in M otherwise. A formula F is true in
M, or satisfied by M, denoted M = F, if all its clauses are true in M. In that
case, M is called a model of F. If F' has no models then it is called unsatisfiable.
If F' and F' are formulas, we write F' = F” if F” is true in all models of F. Then
we say that F” is entailed by F, or is a logical consequence of F.

In what follows, (possibly subscripted or primed) lowercase [ always denotes
literals. Similarly C' and D always denote clauses, F' and G denote formulas, and
M and N are assignments. If C is a clause l; V...V l,, we sometimes write =C
to denote the formula —i; A ... A =l,.

Here a DPLL procedure is modeled by a transition relation over states. A
state is either FailState or a pair M | F, where F is a finite set of clauses and
M is a sequence of literals that is seen as a partial assignment. Some literals [



