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Preface

This volume contains the full papers presented at the 12th International Confer-
ence on Logic for Programming, Artificial Intelligence, and Reasoning (LPAR),
held 2-6 December 2006, in Montego Bay, Jamaica. The call for papers attracted
108 full paper submissions, each of which were reviewed by at least three re-
viewers. The Program Committee accepted the 46 papers that appear in these
proceedings. The conference program also included 4 invited talks, by Tom Ball
of Microsoft Research, Doug Lenat of Cycorp, Roberto Nieuwenhuis of the Uni-
versidad Politécnica de Catalufia, and Allen Van Gelder of the University of
California at Santa Cruz. Papers or abstracts for the invited talks are in these
proceedings.

In addition to the main program, the conference offered a short paper track,
which attracted 13 submissions, of which 12 were accepted, and the Workshop
on Emperically Successful Higher Order Logic (ESHOL).

Thanks go to: the authors (of both accepted and rejected papers); the Pro-
gram Committee and their reviewers; the invited speakers; Christoph Benzmiiller,
John Harrison, and Carsten Schiirmann for organizing ESHOL; Celia Alleyne-
Ebanks for administering the conference in Jamaica; the Honorable Minister
Phillip Paulwell of the Ministry of Commerce, Science and Technology for open-
ing the conference (and Daphne Simmonds for introducing us to the minister);
the Mona Institute of Applied Sciences at the University of the West Indies
for their support; Microsoft Research for sponsorship of student regsitrations;
the Kurt Godel Society for taking registrations; and EasyChair for hosting the
review process. :

October 2006 Geoff Sutcliffe
Andrei Voronkov
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Independently Checkable Proofs from
Decision Procedures: Issues and Progress

Allen Van Gelder

School of Engineering, University of California at Santa Cruz
avgQcs.ucsc.edu

Abstract. In many verification applications the desired outcome is that
the formula is unsatisfiable: a satisfying assignment essentially exhibits
a bug and unsatisfiability implies a lack of bugs, at least for the prop-
erty being verified. Most current high-performance satisfiability solvers
and special-theory decision procedures are unable to provide proof of
unsatisfiability. Since bugs have been discovered in many such programs
long after being put into service, an uncheckable decision poses a signif-
icant problem if important economic or safety decisions are to be based
upon it. This talk develops the thesis is that decision procedures can and
should be designed with the ability to output an independently checkable
proof. While finding a proof is hard, checking a proof can be straight-
forward if the proof system is simple enough. (By a “proof” we mean a
real proof, with no steps omitted.) In practice, most underlying theories
can produce a resolution proof. We argue that outputting such a proof
does not place an undue burden on the decision procedures. We report
on practical progress in this area for satisfiability solvers. Experiments
have been carried out with what might be the first implementations of
solver and proof checker that were developed completely independently,
having only the specifications of the proof-file format as common knowl-
edge. There is a trend toward combining high-performance satisfiability
solvers with other theorem-proving methods. As the total systems be-
come more complex, the need for “independent audits” becomes greater.
Design goals for checkable proofs are proposed.
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Abstract. Automated theorem provers (ATPs) are a key component
that many software verification and program analysis tools rely on.
However, the basic interface provided by ATPs (validity /satisfiability
checking of formulas) has changed little over the years. We believe that
program analysis clients would benefit greatly if ATPs were to provide a
richer set of operations. We describe our desiderata for such an interface
to an ATP, the logics (theories) that an ATP for program analysis should
support, and present how we have incorporated many of these ideas in
Zap, an ATP built at Microsoft Research.

1 Introduction

To make statements about programs in the absence of concrete inputs requires
some form of symbolic reasoning. For example, suppose we want to prove that
the execution of the assignment statement x:=x+1 from a state in which the
formula (z < 5) holds yields a state in which the formula (z < 10) holds. To
do so, we need machinery for manipulating and reasoning about formulas that
represent sets of program states.

Automated theorem provers (ATPs) provide the machinery that enables such
reasoning. Many questions about program behavior can be reduced to questions
of the validity or satisfiability of a first-order formula, such as Vz : (z < 6) =
(z < 10). For example, given a program P and a specification S , a verification
condition VC(P, S) is a formula that is valid if and only if program P satisfies
specification S. The validity of VC(P, S) can be determined using an ATP. The
basic interface an ATP provides takes as input a formula and returns a Boolean
(“Valid”, “Invalid”) answer. Of course, since the validity problem is undecidable
for many logics, an ATP may return “Invalid” for a valid formula.

In addition to this basic interface, ATPs may generate proofs witnessing the
validity of input formulas. This basic capability is essential to techniques such as
proof-carrying code [Nec97], where the ATP is an untrusted and potentially com-
plicated program and the proof generated by the ATP can be checked efficiently
by a simple program.

Through our experience with the use of ATPs in program analysis clients, we
often want ATPs to provide a richer interface so as to better support program
analysis tasks. We group these tasks into four categories:
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— Symbolic Fixpoint Computation. For propositional (Boolean) formulas,
binary decision diagrams (BDDs) [Bry86] enable the computation of fix-
points necessary for symbolic reachability and symbolic CTL model check-
ing [BCM192] of finite state systems. The transition relation of a finite state
system can be represented using a BDD, as well as the initial and reachable
states of the system. A main advantage of BDDs is that every Boolean func-
tion has a normal form, which makes various operations efficient. The basic
operations necessary for fixpoint computation are a subsumption test (to
test for convergence), quantifier elimination (to eliminate temporary vari-
ables used in image computation) and a join operation (to combine formulas
representing different sets of states; this is simply disjunction in the case
of Boolean logic). We would like to lift these operations to logics that are
more expressive than propositional logic, so as to enable the computation of
symbolic fixpoints over structures that more closely correspond to the types
in programming languages (integers, enumerations, pointers, etc.). While
normal forms may not be achievable, simplification of formula is highly de-
sirable to keep formulas small and increase the efficiency of the fixpoint
computation.

_ Abstract Transformers. A fundamental concept in analyzing infinite-state
systems (such as programs) is that of abstraction. Often, a system may be
converted to a simpler abstract form where certain questions are decidable,
such that proofs in the abstract system carry over to proofs in the original
system. Abstract interpretation is a framework for mathematically describing
program abstractions and their meaning [CC77]. A basic step in the process is
the creation of abstract transformers: each statement in the original program
must be translated to a corresponding abstract statement. This step often
is manual. Predicate abstraction is a means for automating the construc-
tion of finite-state abstract transformers from infinite-state systems using an
ATP [GS97]. ATPs can also be used to create symbolic best transformers
for other abstract domains [YRS04]. Unfortunately, these approaches suffer
from having to make an exponential number of calls to the ATP. If an ATP
provides an interface to find all the consequences of a set of facts, the process
of predicate abstraction and creation of symbolic best transformers can be
made more efficient [LBC05]. Consequence finding [Mar99] is a basic oper-
ation for the automated creation of abstract transformers that ATPs could
support.

— Property-guided Abstraction Refinement. If an abstraction is not pre-
cise enough to establish the correctness of a program with respect to some
property, we wish to find a way to make the abstraction more precise with
respect to the property of interest [Kur94, CGJ*+00, BRO1]. Recently, McMil-
lan showed how interpolants naturally describe how to refine (predicate)
abstractions with respect to a property of interest [McMO03, HJ MMO04]. An
interpolating ATP [McMO04] can support the automated refinement of ab-
stractions.

— Test Generation. Finally, we would like to use ATPs to prove the presence
of a bug to the user through the automated generation of failure-inducing



